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NBC 
NEC Microcomputers, Inc. 

MEMORY SELECTION GUIDE 

ACCESS SUPPLY PACKAGE 

DEVICE S12E PROCESS TIME CYCLE VOLTAGE MATERIAL PINS 

DYNAMIC RANDOM ACCESS MEMORIES 

µPD411 4K x 1 TS NMOS 150 ns 380 ns +12, +5, -5 D 22 

µPD411-4 4K x 1 TS NMOS 135 ns 320 ns +15, +5, -5 D 22 

µPD411A 4K x 1 TS NMOS 200 ns 400 ns +12, +5, -5 C 22 

µPD416 16K x 1 TS NMOS 120 ns 320 ns +12, +5, -5 C/D 16 

µPD2118 16K x 1 TS NMOS 100 ns 235 ns +5 C/D 16 

µPD4164 64K x 1 TS NMOS 150 ns 270 ns +5 C/D 16 

STATIC RANDOM ACCESS MEMORIES 

µPD5101 L 256 x 4 TS CMOS 450 ns 450 ns +5 C 22 

µPD444/6514 1 K x 4 TS CMOS 200 ns 200 ns +5 C 18 

µPD445L 1 K x 4 TS CMOS 450 ns 450 ns +5 C 20 

µPD446 2K x 8 TS CMOS 120 ns 120 ns +5 C/D 24 

µPD447 2K x 8 TS CMOS 120 ns 120 ns +5 C/D 24 

µPD4104 4K x 1 TS NMOS 200 ns 310 ns +5 C/D 18 
µPD2114L 1 K x 4 TS NMOS 150 ns 150 ns +5 C/D 18 
µPD2147 4K x 1 TS NMOS 45 ns 45 ns +5 D 18 
µPD2149 1 K x 4 TS NMOS 35 ns 35 ns +5 D 18 

µPD421 1 K x 8 TS NMOS 150 ns 150 ns +5 D 22 

µPD2167 16K x 1 TS NMOS 55 ns 55 ns +5 D 20 

MASK PROGRAMMED READ ONL Y MEMORIES 

µPD2308A 1 K x 8 TS NMOS 450 ns 450 ns +5 C/D 24 

µPD2316E 2K x 8 TS NMOS 450 ns 450 ns +5 C 24 

µPD2316E-1 2K x 8 TS NMOS 350 ns 350 ns +5 C 24 

µPD2332A/B 4K x 8 TS NMOS 450 ns 450 ns +5 C 24 

µPD2332A/B-1 4K x 8 TS NMOS 350 ns 350 ns +5 C 24 

µPD2364 8K x 8 TS NMOS 450 ns 450 ns +5 C 24 

µPD23128 16K x 8 TS NMOS 250 ns 250 ns +5 C 28 

F/ELD PROGRAMMABLE READ ONL Y MEMORIES 

(Bipolar) 
µP6406 1 K x 4 OC BIPOLAR 50 ns 50 ns +5 C/D 18 
µP8426 1 K x 4 TS BIPOLAR 50 ns 50 ns +5 C/D 18 
µP6409 2K x 8 OC BIPOLAR 50 ns 50 ns +5 C/D 24 
µP8429 2K x 8 TS BIPOLAR 50 ns 50 ns +5 C/D 24 
(Bipolar Logic Array) 
µP6450 9216 bit BIPOLAR 200 ns 200 ns +5 D 48 

(U.V. Erasable) 
µPD2716 2K x 8 TS NMOS 450 ns 450 ns +5 D 24 

µPD2732 4K x 8 TS NMOS 450 ns 450 ns +5 D 24 

Notes: O.C. = Open Collector 

C —Plastic Package 

D —Hermetic Package 
TS — 3-State 
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MEMORY ALTERNATE SOURCE GUIDE 

MANUFACTURER PART NUMBER DESCRIPTION NEC RF_PLACEMENT 

AMD 2716 2K x 8 EPROM µPD2716 
27533 1 K x 4 PROM µP6426 
8308 1 K x 8 ROM µPD2308A 
9016 i6K x 1 DRAM µPD416 
9060 4Kx1DRAM µPD411/411A 
9107 4K x 1 DRAM µPD411/411A 

9114 1 K x 4 SRAM µPD2114L 

9124 1 K x 4 SRAM µPD2114L 
9147 4K x 1 SRAM µPD2147 

9216 2K x 8 ROM µPD2316E 
AM91 L14 1 K x 4 SRAM µPD444/µPD6514 
AM91 L24 1 K x 4 SRAM µPD444/µPD6514 

EM & M 2114 1 K x 4 SRAM µPD2114L 

8108 1 K x 8 SRAM µPD421 

FAIRCHILD 93453 iK x 4 PROM µP6426 

93511 2K x 8 PROM µP6429 

F2114 1 K x 4 SRAM µPD2114L 

F2716 2K x 8 EPROM µPD2716 
F16K 16K x 1 DRAM µPD416 

FUJITSU 7122 1K x 4 PROM µP6426 

7138 2K x 8 PROM µP6429 

MBM2147 4K x 1 SRAM µPD2147 

MBM2716 2K x 8 EPROM µPD2716 

MBM2732 4K x 8 EPROM µPD2732 

M88107 4K x 1 DRAM µPD411/µPD411A 

M68114 1 K x 4 SRAM µPD2114L 

MB8116 16K x 1 DRAM µPD416 
M88216 16K x 1 DRAM µPD416 
M88264 64K x 1 DRAM µPD4164 
MB8308 1 K x 1 ROM µPD2308A 
MB8414 1 K x 4 SRAM µPD444/6514 

HARRIS 7643 1K x 4 PROM µP6426 

76161 2K x 8 PROM µP8429 

HM6501 256 x 4 SRAM µPD5101 L 

HM6514 1 K x 4 SRAM µPD444/6514 

HITACHI HM4334 1K x 4 SRAM µPD444/6514 

HM435101 256 x 4 SRAM µPD5101 L 
HN462716 2K x 8 EPROM µPD2716 

HN462732 4K x 8 EPROM µPD2732 
HM472114 1 K x 4 SRAM µPD2114 

HM4716A 16K x 1 DRAM µPD416 

HM4816 16K x 1 DRAM µPD2118 

HM4864 16K x 1 DRAM µPD4164 

HM4864 64K x 1 GRAM µPD4164 

HM6116 2K x 8 SRAM µPD446 
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MEMORY ALTERNATE SOURCE GUIDE 

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT 

HITACHI (CONY.) HM6147 4K x 1 SRAM µPD2147 

HM6148 1 K x 4 SRAM µPD444/6514 

INTEL 2107 4K x 1 DRAM µPD411/µPD411A 
2114 1 K x 4 SRAM µPD2114L 
2117 16K x 1 DRAM µPD416 
2118 i6K x 1 DRAM µPD2118 
2141 4K x 1 SRAM µPD4104 
2147 4K x 1 SRAM µPD2147 

2164 64K x 1 DRAM µPD4164 
2167 16K x 1 SRAM µPD2167 

2308A 1 K x 8 ROM µPD2308A 

2316E 2K x 8 ROM µPD2316E 

2332 4K x 8 ROM µPD2332A/B 

2364 8K x 8 ROM µPD2364 

2716 2K x 8 EPROM µPD2716 
2732 4K x 8 EPROM µPD2732 
3625 1 K x 4 PROM µP6426 
3636-1 2K x 8 PROM µP8429 
5101 256 x 4 SRAM - uPD5101 L 

MITSUBISHI M5K4164S 64K x 1 DRAM µPD4164 

MMI 63S1681 2K x 8 PROM µP8429 

63S441 1 K x 4 PROM µP8426 

6353 1 K x 4 PROM µP6426 

MOTOROLA MCM2732 2K x 8 EPROM µPD2732 
MCM4516/4517 16K x i DRAM µPD2118 
MCM6665 64K x 1 DRAM µPD4164 
7643 1 K x 4 PROM µP8426 

NATIONAL MM2732 2K x 8 EPROM µPD2732 
NMC4164 64K x 1 DRAM µPD4164 
NMC5295 16K x 1 DRAM µPD2118 

745573 1 K x 4 PROM µP8426 

OKI MSM5114 iK x 4 SRAM µPD444/6514 

RAYTHEON 29681 2K x 8 PROM µPB429 

SIGNETICS 825137 1K x 4 PROM µP6426 
82S191 2K x 8 PROM µPB429 

T.I. TMS4164 64K x 1 DRAM µPD4164 

TMS4516 16K x 1 DRAM µPD2118 
TBP24S41 i K x 4 PROM µP8426 
TBP28S166 2K x 8 PROM µP8429 
745476 1 K x 4 PROM µP8426 

TOSHIBA TMM4164 64K x 1 DRAM µPD4164 
TC5516P 2K x 8 SRAM uPD447 



NEC Microcomputers, Inc. 
NEC 

N PD411 
~ PD411.1 
µ PD411.2 
µ PD411.3 
N. P D411-4 

FULLY DECODED RANDOM ACCESS MEMORY 
DESCRIPTION The µPD411 Family consists of six 4096 words by 1 bit dynamic N-channel MOS 

RAMS. They are designed for memory applications where very low cost and large bit 
storage are important design objectives. The µPD411 Family is designed using dynamic 
circuitry which reduces the standby power dissipation. 

Reading information from the memory is anon-destructive. Refreshing is easily 
accomplished by performing one read cycle on each of the 64 row addresses. Each 
row address must be refreshed every two milliseconds. The memory is refreshed 
whether Chip Select is a logic high ona logic low. 

FEATURES All of these products are guaranteed for operation over the 0 to 70°C temperature 

range. 

Important features of the µPD411 family are: 
• Low Standby Power 

• 4096 words x 1 bit Organization 

• A single low-capacitance high level clock input with solid ±1 volt margins. 

• Inactive Power/0.3 mW ITyp.l 
• Power Supply: +12, +5, - 5V 
• Easy System Interface 

• TTL Compatible (Except CE) 
• Address Registers on the Chip 
• Simple Memory Expansion by Chip Select 
• Three State Output and TTL Compatible 
• 22 pin Ceramic Dual-in-Line Package 
• Replacement for INTEL'S 21078, TI'S 4060 and Equivalent Devices. 

• 5 Performance Ranges: 

PIN CONFIGURATION 

ACCESS TIME RNV CYCLE RMW CYCLE REFRESH TIME 

µPD411 300 ns 470 ns 650 ns ~ ms 

µPD411-1 250 ns 470 ns 640 ns 2 ms 

µPD411.2 200 ns 400 ns 520 ns 2 ms 
µPD411-3 150 ns 380 ns 470 ns 2 ms 

µPD411-4 135 ns 320 ns 320 ns 2 ms 

Vgg 

Ag 

A10 

A11 

CS 

OIN 

DOUT 

AO 

Al

A2 

VCC 

16 

15 

14 

13 

12 

ASS 

Ag 

A7 

A6 

uDD 

CE 

NC 

A5 

Aq 

Ag 

WE 

PIN NAMES 

AO -A11 Address lnputs 
Ap ~ A5 Refresh Addresses 
CE Chip Enable 
CS Chip $elect 
Dirt' Data Input 

DOUT Data Output 

WE Write Enable 

Vpp Power 1~12V1 

VCC Power (~5V1 

V$$ Ground 

Vgg Power 

NC No Connection 

Rev/3 
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~,PD411 

CE Chip Enable 
A single external clock input is required. All read, write, refresh and read-modify-write 
operations take place when chip enable input is high. When the chip enable is low, the 
memory is in the low power standby mode. No read/write operations can take place 
because the chip is automatically precharging. 

CS Chip Select 

The chip select terminal affects the data in, data out and read/write inputs. The data 
input and data output terminals are enabled when chip select is low. The chip select 
input must be low on or before the rising edge of the chip enable and can be driven 
from standard TTL circuits. A register for the chip select input is provided on the chip 
to reduce overhead and simplify system design. 

WE Write Enable 
The read or write mode is selected through the write enable input. A logic high on the 
WE input selects the read mode and a logic low selects the write mode. The WE 
terminal can be driven from standard TTL circuits. The data input is disabled when the 
read mode is selected. 

Ap—A~t Addresses 

All addresses must be stable on or before the rising edge of the chip enable pulse. All 
address inputs can be driven from standard TTL circuits. Address registers are pro-
vided on the chip to reduce overhead and simplify system design. 

DIN Data Input 

Data is written during a write or read-modify-write cycle while the chip enable is high. 
The data in terminal can be driven from standard TTL circuits. There is no register on 
the data in terminal. 

DOUT Data Output 

The three state output buffer provides direct TTL compatibility with afan-out of two 
TTL gates. The output is in the high-impedance (floating) state when the chip enable 
is low or when the Chip Select input is high. Data output is inverted from data in. 

Refresh 

Refresh must be performed every two milliseconds by cycling through the 64 addresses 
of the lower-order-address inputs AO through A5 or by addressing every row within any 
2-millisecond period. Addressing any row refreshes all 64 bits in that row. 

The chip does not need to be selected during the refresh. If the chip is refreshed during 
a write mode, the chip select must be high. 

FUNCTIONAL DESCRIPTION 

AO 
ROW 

BLOCK DIAGRAM 
—o ADD O 

Al O 
A2 DECODE 64 MEMORY —O ACC O 
A3 AND ARRAY —O uSS O 
A4 

BUFFER 
REGISTER 

64 X 64 ~ Vgg 0 

p` 5 0 

64 

TIMING CE O 
COLUMN DECODE GENERATOR 

DIN AND BUFFER O

I /0 REGISTER WEo 
CS ~ 

DOUT 

~~b~bb 
Ag Ag A10 

A7 Ag All 
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ABSOLUTE MAXIMUM 

µPD411 FAMILY 
(EXCEPT 411-4) 

µ PD411 
µPD411-4 

RATINGS* Operating Temperature .   0°C to +70°C  +10°C to +55°C 
Storage Temperature   -55°C to +150°C   -55°C to +150°C 
All Output Voltages   -0.3 to +20 Volts . . -0.3 to +25 Volts Q1
All Input Voltages   -0.3 to +20 Volts . . -0.3 to +25 Volts Q1
Supply Voltage Vpp .  -0.3 to +20 Volts . . -0.3 to +25 Volts Q1
Supply Voltage VCC   -0.3 to +20 Volts . . -0.3 to +25 Volts Q1
Power Dissipation   1.OW 1  5W 
Note: Q1  Relative to Vgg 
COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25°C 

DC CHARACTERISTICS 

CAPACITANCE 

Ta = 0°C to 70°C, Vpp =+12V ±5%, VCC =+5V ±5%, Vgg = -5V ±5%, Vgg = OV, 
Except VDD = +1 SV ±5%for 4114. 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN TVP Q7 MAX 

Input Load Current ILI 0.01 10 µA VIN = V IL MIN LO VIH MAX 

CE Input Load Current ILC 0.01 10 µA VIN = VILC MIN to V IHC MAX 

Output Leakage Current 

for High Impedance Stele 

1 

LO
0.01 10 

µ 
A 

CE =VILC or CS =VIH 

VO = OV to 5.25V 

Vpp Supply Current 

during CE oft IDD OFF 20 200 µA CE = 1.OV to 0.6V 

Vpp Supply Current 

during CE on IDD ON 36© 60® mA CE=VIHC•Ta=25°C 

Average Vpp Current 

µPD411 

µPD411.1 

µPD411.2 

µPD411-3 

µPD411-0 

Ipp AV 
Ipp AV 
Ipp qV 

Ipp AV 

Ipp AV 

37 

37 

37 

41 

55 

60 

60 

60 

65 

80 

mA 

mA 

mA 

mA 

mA 

Ta = 25°C 

Cycle Tima = 470 ns 

Cycle Time =470 ns 

Cycle Time = 400 ns 

Cycle Time = 380 ns 

Cycle Time = 320 ns 

VBB SuDPIy Current 0 Igg 5 100 µA 

VCC SuDDIY Current 

during CE off Q3 ICC OFF 0.01 10 µA CE=VILC or CS=VIH 

Input Low Voltage VIL 1.0 0.6 V 

Input High Voltage VIH 2.4 VCC+1 V 

CE Input Low Voltage VILC 1.0 0.6 V 

CE Input High Voltage VIHC VDD'1 VDD VDD+1 V 

Output Low Voltage VpL 0 0.40 V IpL = 3.2 mA 

Output High Voltage VOH 2.4 VDC V IDH = 2.0 mA 

Notes: 01 Typical values re for Ta = 25°C and nominal pow r supply voltages. 

02 The Igg currant is the sum of all leakage current. 

Q3 During CE on VCC supply current is dependent on output loading. 

VCC is connected to output buffer only. 

® 65 mA for µPD411-3 

80 mA for µPD411-0 

05 41 mAfor µPD411-3 

55 mA for µPD411-0 

Ta = 0° — 70° C 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Address Capacitance, CS Cqp 4 6 pF VIN = V~ 

CE Capacitance CCE 18 27 pF VIN =VSS 

Data Output Capacitance CpUT 5 7 pF VOUT = OV 

DIN and WE Capacitance CIN 8 10 pF VIN =VSS 
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~ PD411 
READ CYCLE 

7y = 0°C to 70° C, Vpp = 12V : 5%, VCC = 5V ± 5%, Vgg = —5V : 5%, VSS = Ov, unless otherwise noted, 
Except Vpp = +15V . 5%for 4114 

PARAMETER SYM80L 

LIMITS 

UNIT µPD411 µPD411-1 yPD411-2 µPD411-3 µPD411~4 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Time Between Refresh tREF 2 2 2 2 2 ms 

Address to CE Set Up Time tqp 0 0 0 0 0 ns 

Address Hold Time tqH 150 150 150 150 100 ns 

CE Off Time tCC 130 170 130 130 80 ns 

CE Transition Time tT 0 40 0 40 0 40 0 40 0 40 ns 

CE Off to Output High 
Impedance State 

tCF 0 130 0 130 0 130 0 130 0 130 ns 

Cycle Time toy 470 470 400 380 320 ns 

CE on Time tCE 300 3000 260 3000 230 3000 210 3000 200 3000 ns 

CE Output Delay tCp 280 230 180 130 115 ns 

Access Time igCC 300 250 200 150 135 ns 

CE to W EE tW L 40 40 40 40 40 ns 

WE to CE on tWC 0 0 0 0 0 ns 

WRITE CYCLE 

Ta = 0°C to 70°C, Vpp = 12V = 5%, VCC = SV ~ 5%, Vgg = —5V ± 5%, Vgg = OV, unless otherwise noted, 

Ezcept Vpp =+15V t 5%for 4114 

PARAMETER SYMBOL 

LIMITS 

UNIT µPD411 µPD411~1 µPD411-2 µPD411-3 yPD411-4 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Cycle Time tCy 470 470 400 380 320 ns 

Time Between Refresh tq EP 2 2 2 2y 2 ms 

Atldress to CE Set Up Time tqC 0 0 0 0 0 ns 

Atldress Hold Time tqH 150 150 150 150 100 ns 

CE Off Time tCC 130 170 130 130 80 ns 

CE Transition Time tT 0 40 0 40 0 40 0 40 0 40 ns 

CE Off to Output High 
Impedance State 

tpp 0 130 0 130 0 130 0 130 0 130 ns 

CE on Time tCE 300 3000 260 3000 230 3000 270 3000 200 3000 ns 

WE to CE off tyy 180 180 150 150 65 ns 

CE to WE iCW 300 260 230 210 200 ns 

OIN to WE Set Up O1 tpyy 0 0 0 0 0 ns 

DIN Hold Time tpH 40 40 40 40 40 ns 

WE Pulse Width tyyp 180 180 150 100 65 ns 

Note: 01 If WE is low before CE goes high [hen DIN must be valid when CE goes high. 

READ —MODIFY —WRITE CYCLE 

Ta = 0°C to 70°C, Vpp = 12V = 5%, VCC SV x 5%, Vgg = 5V ! 5%, Vgg = OV, unless otherwise noted, 
Ex<ept Vpp=+15V x 5%for 4114 

PARAMETER SYMBOL 

LIMITS 

UNIT µPD411 µPD411-1 µPD411-2 µPD4113 µPD411d 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Read—Modify—Write 
IRMWI Cycle Time 

tpyyC 650 640 520 470 320 ns 

Timo Between Refresh tREF 2 2 2 2 2 ms 

Address to CE Set Up Time tqC 0 0 0 0 0 ns 

Address Hold Time tqH 150 150 150 150 100 ns 

CE Off Time tCp 130 170 130 130 BO ns 

CE Transition Time t7 0 40 0 40 0 40 0 40 0 40 ns 

CE Off to Output High 
Impedance State 

tOp 0 130 0 130 0 130 0 130 0 130 ns 

CE Width During RMW tCRW 480 3000 430 3000 350 3000 300 3000 200 3000 ns 

W E to CE on tyyC 0 0 0 0 0 ns 

WE to CE off tW 180 180 150 150 65 ns 

WE Pulse Width tylp 180 180 150 100 65 ns 

DIN to W~ Set Up tpyy 0 0 0 0 0 ns 

DIN Mold Time tpH 40 40 40 40 40 ns 

CE to Output Display tOp 280 230 180 130 115 ns 

Access Time tgCC 300 250 200 150 135 ns 

AC CHARACTERISTICS 

~4 



ftPD411 
TIMING WAVEFORMS READ CYCLE Q1

tcv 

CE 

AD - Atl 
ana D~ 

WE 

AC 

E 

sAN —+ tT

c~ 
V IHC 

VILC 

®AODR E55 STABLE 

WYC 

A DDRE 55 CAN CHANGE 

L 

tC0 

~— NIGH 
OUT IMPEDANCE 

~ zCF 

J~ O VA L10+ 

~.--- IACC / ~ 

UNDEFINED 

Nozls Q F r r rein cycle row and column atlUresset must be stable IqC and remain 

arable for emne IqH Per~otl. 

0 VDO IV iz Ine reference level for meawrinq nmrng of CE. 

Q] V55 •2v rs Ine ,ele, ence level for meaPning nmrng o/ CE. 

VIHMIN rs the rezerence level for measurinq nmrnq of me aUUresses, CS, 

WE ana DIN. 
Q VILMAX ~s rnerelerence levelzor meeru ring nmrng oz zne maresses, CS, 

WE an0 Dl ry
© VqS •?,OV rc Ine mzerence level for measuring mm~g of DOUT. 

OO VSS'O.BV.s lne reference levelformaasu.~ngnm~ngolDOUT-

C 

AO_ 
All 

WRITE CYCLE 

VIN 

VIL 

VIN 

VIL 

VOH 
NIGH—~ 
IMPEDANCE 

-  — VOL 

~ I AC- zAN~ 

AND CS J~~ 
ADDRESS STABLE 

T 

wE 

OIN 

IC 

tC 

r IT 

VINO 

 r 
VILC 

A DDR E55 CAN CHANGE 

CAN CHANGE 

zD

[~q _~ 
E CAN CHANGE 

zDH 

DIN CAN CHANGE DIN STABLE OIN CAN 
CHANGE

OOUT 
HIGH _ - 
IMPEDANCE 

~ ICF+ 

UNDEFINED 

Noses. ~ Vpp ]V n Ine ref rence ever for measuring nmrnq of CE. 

VSS'3v is Ine rHe cote level for menurinq nmrnq of CE. 

07 VIHMIN rs the refer rice level for meawring Ilm~ng o1 zne atltlresxs. CS. 

WE anU DIN. 

l7 VILMq% n zne reze cote level for meawrrn9 nmrng of Ine atlUresses. CS. 

wE ana DIN. 

CE 

AO - All 
ANO CS 

WE 

DIN 

READ-MODIFY-WRITE CYCLE 

C 

zwC 

cR 

Rwc 

r NIGNr 

IMPEGANCE 

ADDRESS CAN CHANGE 

zW 

r tWP 

Icc 

r zT 

VIN 

VIL 

VIH 

VIL 

VIM 

VIL 

VOH 

VOL 

/'~ VINC 

/ VILC 

VIH 

DIN CAN CHANGE OIN STABLE 

pD UT —NIGN 
IMPEDANCE 

tC0 

WE CAN CHANGE 

IDX r

ICF 

UNDEFINED V ALIp 

UCC 

DIN CAN 
CHANGE 

VIL 

VIN 

VIL 

VIN 

VIL 

VOH 
f HIGH+ 
IMPEDANCE 
 VOL 

Note QI WE muaz be al VlH zrl entl of zCD. 
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µPD411 
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IDDAV - Ta 

SPEC LIMIT 

—TYP 
IDD AV. 

CYCLE TIME = q~ 
ns 

25 50 

Ta ICI 

IOH - VOH 

75 

— SPEC LIM IT ~2m~ 2.4V 

2 3 

vOH IVI 

VDD - VB8 

4 5 

}' 
~P 

~P 

~~ 

~Y' 
T_ GUARANTEED 

OPERATING REGION 1` W 

V 
0 0~-

~~ 

~ 1 

-t OG 
Sa-

o ~' 

6 

V B8 1V1 

8 

1.25 

C 0.75 
v 
0 

0.5 

0.25 

50 

40 

Q 
E _ 

30 

O 

E 

20 

1000 

100 

10 

0 

IDDAV - 1CV 

MINIMUM CYCLE TIME 

10E - CO NST. 

2 3 4 

NORMALIZED CYCLE TIME 

IOL - VOL 

 SPEC LIMIT: 3-2m A, 04V 

2 

VOL IVI 

1R EF - T 

lyp 

SPEC LIM IT 2 ms 

Power consumption = VDD x IDDAV + VBB x IBB. 

Ty plc al power dissiption for each product is shown below. 

20 40 

Ta ICI 
60 

mW (TYP.) CONDITIONS 

µPD411 450 Ta = 25° C, tcy = 470ns, tCE = 300ns 

µ PD411-1 450 Ta = 25° C, tcy = 470ns, tCE = 260ns 

µPD411-2 450 Ta = 25° C, tcy = 400ns, tCE = 230ns 

µPD411-3 550 Ta = 25° C, tcy = 380ns, tCE = 210ns 

µPD411-4 660 Ta = 25° C, tcy = 320ns, tCE = 200ns 

See above curves for power dissipation versus cycle time. 

TYPICAL OPERATING 
CHARACTERISTICS 
(Except 411-4) 

POWER CONSUMPTION 
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µPD411 

CURRENT WAVEFORMS 

PACKAGE OUTLINE 
µPD411D 

12 

C EIVI 6 

20 

ICE (mAl p 

20 

720 

ao 

IDD ImAI 

40 

0 100 200 300 400 500 
i i ~ i 

V

IDDON 
 v.. 

~DDAV 

40 r 

20  

1B8 (mAI 0  

20  

40  

H~ 

ti
A 

~ r 

B 

-iI C ~ +1 F 
 E 

\ J

\ \ 

(Plastic) 

} 
J 

ITEM MILLIMETERS INCHES 

A 27.43 MAX 1.079 MAX 
B 1.27 MAX 0.05 MAX 
C 2.54 ± 0.1 0.10 

D 0.42 ± 0.1 0.016 
E 25.4 ± 0.3 1.0 

F 1.5 ± 0.2 0,059 

G 3.5 ± 0.3 0.138 
H 3.7 ± 0.3 0.145 

I 4.2 MAX 0.165 MAX 
J 5.08 MAX 0.200 MAX 
K 10.16±0.15 0.400 
L 9.1 ± 0.2 0.358 
M 0.25 ± 0.05 0.009 

K 
L~ 

M 
►-- 0 — 15°

411 DSREV3-12-80-CAT 
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NEC Microcomputers, Inc. 
NBC 

µPD411 A 
µPD411 A-1 
µPD411 A-2 

4096 BIT DYNAMIC RAMS 
DESCRIPTION The µPD411A Family consists of four 4096 words by 1 bit dynamic N-channel MOS 

RAMS. They are designed for memory applications where very low cost and large bit 
storage are important design objectives. The µPD411A Family is designed using 
dynamic circuitry which reduces the standby power dissipation. 

Reading information from the memory is non-destructive. Refreshing is easily 

accomplished by performing one read cycle on each of the 64 row addresses. Each 

row address must be refreshed every two milliseconds. The memory is refreshed whether 
Chip Select is a logic high or a logic low. 

FEATURES Low Stand by Power 

• 4096 words x 1 bit Organization 

• A single low-capacitance high level clock input with solid ±1 volt margins. 

• Inactive Power 0.7 mW (Ty p.) 

• Power Supply +12, +5, —5V 

• Easy System Interface 

• TTL Compatible (Except CE) 

• Address Registers on the Chip 

• Simple Memory Expansion by Chip Select 

• Three State Output and TTL Compatible 

• 22 pin Plastic Dual-in-Line Package 

• Replacement for INTE L's 21076, TI's 4060 and Equivalent Devices. 

• 3 Performance Ranges: 

PIN CONFIGURATION 

ACCESS TIME I RAN CYCLE ~ RMW CYCLE ~ REFRESH TIME 

uPD411A 300 ns 470 ns 55U ns 2 ms 
pPD411 A~1 250 ns 430 ns 600 ns 2 ms 
yPD411 A-2 200 ns 400 ns 520 ns 2 ms 

Vgg 

Ag 

A10 

A11 

CS 

DIN 

DOUT 

AO 

Al 

A2 

VCC 

22 

21 

20 

19 

18 
µPD 

411A 1~ 

16 

15 

14 

13 

12 

VSS 

Ag 

A~ 

Ag 

VDD 

CE 

NC 

A5 

Aq 

A3 

WE 

PIN NAMES 

AO A71 Address Inputs 

AO - A5 Refresh Addresses 

CE Chip Enable 

CS Chip Select 

DIN Data Input 

DOUT Data Output 

WE Write Enable 

VGD Power 1+12V) 

VCC Power 1+5V1 
VSS Ground 
Vgg

NC 

(Powe. —5V) 
No Connection 

R ev/ 1 
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µPD411A 
CE Chip Enable 
A single external clock input is required. All read, write, refresh and read-modify-write 
operations take place when chip enable input is high. When the chip enable is low, the 
memory is in the low power standby mode. No read/write operations can take place 
because the chip is automatically precharging. 

CS Chip Select 
The chip select terminal affects the data in, data out and read/write inputs. The data 
input and data output terminals are enabled when chip select is low. The chip select 
input must be IoW on or before the rising edge of the chip enable and can be driven 
from standard TTL circuits. A register for the chip select input is provided on the chip 
to reduce overhead and simplify system design. 

WE Write Enable 

The read or write mode is selected through the write enable input. A logic high on the 
WE input selects the read mode and a logic low selects the write mode. The We 
terminal can be driven from standard TTL circuits. The data input is disabled when the 
read mode is selected. 

Ap—A~~ Addresses 

All addresses must be stable on or before the rising edge of the chip enable pulse. All 
address inputs can be driven from standard TTL circuits. Address registers are pro-
vided on the chip to reduce overhead and simplify system design. 

DIN Data Input 

Data is written during a write or read-modify-write cycle while the chip enable is high. 
The data in terminal can be driven from standard TTL circuits. There is no register on 
the data in terminal. 

DOUT Data Output 

The three state output buffer provides direct TTL compatibility with afan-out of two 
TTL gates. The output is in the high-impedance (floating) state when the chip enable 
is low or when the Chip Select input is high. Data output is inverted from data in. 

Refresh 

Refresh must be performed every two milliseconds by cycling through the 64 addresses 
of the lower-order-address inputs A~ through A5 or by addressing every row within any 
2-millisecond period. Addressing any row refreshes all 64 bits in that row. . 

The chip does not need to be selected during tfle refresh. If the chip is refreshed during 
a write mode, the chip select must be high. 

FUNCTIONAL DESCRIPTION 

A`0 

BLOCK DIAGRAM 
V D D O 

Al O 
-r—~ 

LL W 

Ct 
U CELL MATRIX 

ACC 
P'2 

~.~ 
O 

V7 

w 
0 

-•~ D 

3 
O 

64x64 ~---0 ASS A3 O 
'44 O 
A5 

~p veB 
H 

O 

i 

SENSE AMP 
--1 _ 0 CS 

O WE 

CEO 
TIMING 

GENERATOR COLUMN DECODER 
I/O 

~ 
0 DIN 

ADDRESS BUFFER ~., DOUT 
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f,i. P D411 A 

ABSOLUTE MAXIMUM Operating Temperature   0°C to+70°C 

RATINGS* Storage Temperature  -55°C to +125°C 
Output Voltage ~  +20 to - 0.3 Volts 
All Input Voltages Qt   +20 to -0.3 Volts 
Supply Voltage VDD Qt   +20 to -0.3 Volts 
Supply Voltage VCC (~  +20 to -0.3 Volts 
Supply Voltage VSS Q1   . . +20 to -0.3 Volts 
Power Dissipation   1.OW 

Note: Qi  Relative to Vgg. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

DC CHARACTERISTICS 

"Ta = 25° C 

Ta =O°C to 70°C,VDD=+12V±10%,VCC=+5V±10%,VBB=-5V±10%,V~=OV 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN. TVP. Q1 MAX. 

Input Load Current ILI 0.01 10 µA VIN = VIL MIN to VIH MAX 

CE Input Load Current ILC 0.01 10 µA VIN = VILC MIN to VIHC MAX 

Output Leakage Current 
for High Impedance State ILO 0.01 

+ 
10 µA` 

CE =VILC or CS =VIH 
VO = OV to 5.25V 

Vpp Supply Current 
during CE off IDD OFF 50 200 µA CE _ -1.OV to 0.6V 

Vpp Supply Current 
during CE on 

I DD ON 35 50 mA CE = V IHC• Ta = 25°C 

Average Vpp Current 
µPD411A 
µPD411 A-1 
µPD411A-2 

Ipp AV 
Ipp AV 
Ipp AV 

36 
38 
38 

55 
55 
55 

mA 
mA 
mA 

Ta = 25"C 

Cycle Time = 470 ns 
Cycle Time = 430 ns 
Cycle Time = 400 ns 

Vgg Supply Current Q Igg 5 100 µA 

VCC Supply Current 
during CE off lsj 

I CC OFF 0.01 10 µA CE = V or Cam` = V ILC IH 

Input Low Voltage VIL -1.0 0.6 V 

Input High Voltage VIH 2.4 VCC+ 1 V 

CE Input Low Voltage VILC -1.0 0.6 V 

CE Input High Voltage VIHC VDD - 1 VDD VDD + 1 V 

Output Low Voltage VOL 0 0.40 V IpL = 3.2 mA 

Output High Voltage VOH 2.4 VCC V IOH =-2.0 mA 

Notes: !~ Typical values are for Ta = 25°C and npminal power supply voltages. 
Q The Igg current is the sum of all leakage currents. 
® During CE on VCC supply current is dependent on output loading. 

CAPACITANCE Ta = o"c to ~o°c, Vpp = t2V - to°s, vt; t; =+5v * to%, vgg = ev ± 10%, vss = ov 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN. TVP. MAX. 

Address Capacitance CAp 6 pF VIN =VSS 

C`3` Capacitance CCS 6 DF VIN = V~ 

DIN Capacitance CIN 6 pF Vlry =VSS 

~7 Capacitance COUT 7 pF VOUT =VSS 

WE Capacitance CyyE 7 pF VIN = V~ 

CE Capacitance CCE1 27 pF Vlry = V~ 

CCE2 22 pF VIN =VDD 21 



µ PD411A AC CHARACTERISTICS 

22 

READ CYCLE 
Ta = 0°C to 70°C, Vpp = 12V ± 10%, VCC = SV * 10%, Vgg = -5V ± 10°x, Vgg = OV, un ess otherwise noted. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDIT IONS 

µPD411A µPD411A-1 µPD411A-2 

MIN MAX MIN MAX MIN MAX 

Time Between Refresh tREF 2 2 2 ms 

tT = t r = [f = 20 ns 

CL = 50 pF 

Load = 1TTL Gate 

Vref = 2.0 or 0.8 Volts 

Address to CE Set Up Time tqC 0 0 0 ns 

Address Hold Tlme tqH 150 150 150 ns 

CE Off Tlme tCD 130 130 130 ns 

CE Transition Time t7 0 40 0 40 0 40 ns 

CE Off to Output Hlgh 

Impedance State 
tCF 0 130 0 130 0 130 ns 

Cycle Tlme toy 470 430 400 ns 

CE on Time tCE 300 3000 260 3000 230 3000 ns 

CE Output Delay tCD 280 230 180 ns 

Access Time tgCC 300 250 200 ns 

CE to WE tWL 40 40 40 ns 

WE to CE on tWC 0 0 0 ns 

WRITE CYCLE 

Ta = 0°C to 70°C, Vpp = 12V ! 10%, VCC = SV ± 10%, Vgg = - 5V ± 10%, VSg = OV, unless otherwise noted. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDIT IONS 

µPD411A µPD411A~1 µPD411A~2 

MIN MAX MIN MAX MIN MAX 

Cycle Time tCV 470 430 400 ns 

tT = tr = tf = 20 ns 

CL = 50 pF 

Load = ITTL Gate 

Vref = 2.0 or 0.8 Volts 

Tlme Between Refresh tREF 2 2 2 ms 

Address to CE Set Up Time tqC 0 0 0 ns 

Address Hold Time tqH 150 150 ~ 150 ns 

CE Off Tlme tCC 130 130 130 ns 

~CE Transition Tlme tT 0 40 0 40 0 40 ns 

CE Off to Output High 

Impedance Slate tCF 0 130 0 130 0 130 ns 

CE on Time tOg 300 3000 260 3000 230 3000 ns 

WE to CE off tW 180 180 150 ns 

CE to WE tDW 300 260 230 ns 

DIN to WE Set Up ~t~ tpyy 0 0 0 ns 

DIN Hold Time tpH 40 40 40 ns 

WE Pulse Width tyyp 180 180 150 ns 

Note: Q1  If WE Is low before CE goes high then DIN must be vaud when CE goes high. 

READ-MODIFY-WRITE CYCLE 
Ta = OTC to 70°C, VDD = 12V '- 10%, VCC = SV ~ 10%, Vgg = - 5V ~ 10°0, Vgg = OV, unless otherwise noted. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS 

µPD411A µPD411 A-1 µPD411A-2 

MIN MAX MIN MAX MIN MAX 

Read-Modify~W.ite lRMwl 
Cyde Time tRWC 650 600 520 ns 

t7 - tr - tf - 20 ns 

CL = 50 pF 

Load = ITTI Gate 

Vref = 2.0 or 0.8 Volts 

Time Between Refresh IREF 2 2 2 ms 

Address to CE Set Up Time tqC 0 0 0 ns 

Address Hold Time tqH 150 150 150 ns 

CE OH Time tCD 130 130 130 ns 

CE Transition Time tT 0 40 0 40 0 40 ns 

CE Off to Output High 
Impedance State ICF 0 130 0 130 0 130 ns 

CE WidM During RMW IORyy 480 3000 430 3000 350 3000 ns 

to CE on iWD 0 0 0 ns 

~Y E to CE off tW 180 180 150 ns 

"1~9E Pulse Width tyyp 180 180 150 ns 

DIN to WE Set Up tpW 0 0 0 nz 

DIN Hold Time tpH 40 40 40 ns 

CE to Output Delay tC0 280 230 180 ns 

Access Time tACC 300 250 200 ns 



µPD411A 

TIMING WAVEFORMS 

CE 

READ AND REFRESH CYCLE ~t

VIHC 

VILC 

~1H 

rCC E ~-

wO 

~ IT 
S AC_ 

AD - Ali ®ADDfl ESS STAB LE ~ A DDfl E55 CAN CH ANGE 

AIL 
enJ CS 

IWC 

VIH 

WE 
NIL 

ICO F 
VOH 

ODUT HIGH 
IMPEDANCE UNDEFINED \ O 1 R. vALlo+ H IGH~ 

IMPEDANCE 
VOL 

rACC r 

WRITE CYCLE 

CE 

AD -A tl 

AND CS 

WE 

DIN 

DOUT 

O

rCE LT ICC ~ 

® 

}\~ 

} 

~ rAH —~ ~ -- rT IAL 

STABLE ~ ADDR ESS CAN CHANGE I © ADDRESS 

ILW 
tW —~ 

WE CAN CHANGE ~ WE CAN CHANGE 

IDW IDH 

DIN CAN CHANGE DIN STABLE DIN CAN 
CHANGE 

- HIGH 
IMPEDANCE 

~ rCF+ 

T—

~~~555``~̀~~
UNDEFINED % VALID OR 

~ / MODI FIEp 
.~ NIGHr 

IMPEDANCE 

READ-MODIFY-WRITE CYCLE 

VIHC 

VILC 

VIH 

NIL 

UIH 

VIL 

VIH 

NIL 

SOH 

COL 

CE 

  RWC 

rCflW ICC 
VIHC 

' VILC 

' rAH—~ rAL 
AO - A11 
AND CS 

® ADDRESS STABLE ADDRESS CAN CHANGE 

VIH 

VIL 

WE 

rWC 
r~ 

RN 

rDW 

f—rWP 
WE CAN 

rDH 

CHANGE 

V H 

VIL 

VIH 

DIN DIN CAN CHANGE DIN STABLE DIN CAN 
CHANGE 

VIL 

 rC0 
rCF 

HIGH+ 
IMPEDANCE 

SOH 

NOL 

DOUT —HIGH 
UNDEFINED IMPEDANCE , \® / 

~tALC 

Notes: Qi  For refresh cycle, row and column addresses must be stable tqC and 

remain stable for entire tqH period. 

® Vpp- 2V is the reference level for measuring timing of CE. 

® VSS + 2V is the reference level for measuring timing of CE. 

VIHMIN is the reference level for measuring timing of the addresses, 

CS, WE and DIN. 

® VILMAX is the reference level for measuring timing of the addresses, 

CS, WE and DIN. 

® VgS + 2.OV is the reference level for measuring timing of DOUT~ 

® VSS+O.f3J is the reference level for measuring timing of DDUT~ 

® WE must be at VIH until end of tCO. 
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I 

VOL IVI 
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2 

Tp 

SPEC LIM IT 2 ms 

Power consumption =VDD x IDDAV + Vgg x Igg 

~ ~r 
20 

Typical power dissipation for each product is shown below. 

ao 
Ta 1°CI 

60 

mW (TYP.) CONDITIONS 

µPD411 A 460 mW Ta = 25°C, tcy = 470 ns, tCE = 300 ns 

µPD411A-1 460 mW Ta = 25°C, tcy = 430 ns, tCE = 260 ns 

µPD411A-2 460 mW Ta = 25°C, tcy = 400 ns, tCE = 230 ns 

See curve above for power dissipation versus cycle time. 

TYPICAL OPERATING 

CHARACTERISTICS 

POWER CONSUMPTION 
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CURRENT WAVEFORMS Q1 1 
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µ PD411A 
PACKAGE OUTLINE 
µPD411AC 

H T 

A 

g~ ~~ 
D 

►1 C f~ 
E 

n 

+IFFY
.

-- I 
J11 

—~ 1 
=G 

(PLASTIC) 

ITEM MILLIMETERS INCHES 

A 28.0 Max. 1.10 Max. 
B 1.4 Max. 0.025 Max. 

C 2.54 0.10 
D 0.50 0.02 
E 25.4 1.00 

F 1.40 0.055 

G 2.54 Min. 0.10 Min. 

H 0.5 Min. 0.02 Min. 

I 4,7 Max. 0.18 Max. 

J 5.2 Max. 0.20 Max. 
K 10.16 0.40 
L 8.5 0.33 

M 
0.25+0.10 

-0.05 
0 

01+0.004 
-0.002 

FA 
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NEC Microcomputers, Inc. 

16384 x 1 BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 

NBC 
µ PD416 
ft PD416.1 
µ PD416.2 
µ PD416.3 
µ PD416-5 

DESCRIPTION The NECµPD416 is a 16384 words by 1 bit Dynamic MOS RAM. It is designed for 
memory applications where very low cost and large bit storage are important design 

objectives. 

The µPD416 is fabricated using adouble-poly-layer N channel silicon gate process 
which affords high storage cell density and high performance. The use of dynamic 
circuitry throughout, including the sense amplifiers, assures minirnal power dissipation. 

Multiplexed address inputs permit the µPD416 to be packaged in the standard 16 pin 
dual-in-line package. The 16 pin package provides the highest system bit densities and 
is available in either ceramic or plastic. Noncritical clock timing requirements allow 
use of the multiplexing technique while maintaining high performance. 

FEATURES 16384Wordsxl BitOrganization 
• High Memory Density — 16 Pin Ceramic and Plastic Packages 
• Multiplexed Address Inputs 
• Standard Power Supplies +12V, -5V, +5V 
• Low Power Dissipation; 462 mW Active (MAX), 40 mW Standby (MAX) 
• Output Data Controlled by ~ and Unlatched at End of Cycle 
• Read-Modify-Write, RAS-only Refresh, and Page Mode Capability 
• All Inputs TTL Compatible, and Low Capacitance 
• 128 Refresh Cycles 
• 5 Performance Ranges: 

PIN CONFIGURATION 

ACCESS TIME R/W CYCLE RMW CYCLE 

µPD416 300 ns 510 ns 575 ns 

µPD416-1 250 ns 410 ns 465 ns 

µPD416-2 200 ns 375 ns 375 ns 

µPD416-3 150 ns 375 ns 375 ns 

µPD416-5 120 ns 320 ns 320 ns 

vgg

DtN 

WRITE 

RAS 

AO 

A2 

At 

VDD 

Vss 

CAS 

DOUT 

Ag 

Ag 

Aq 

AS 

VCC 

Ap-Ag Address Inputs 

CAS Column Address Strobe 

DIN Data In 

DOUT Data Out 

RAS Row Address Strobl 
WRITE Read/Write 

Vgg Power (-5V) 

VCC Power (+5V) 

Vpp Power (+12V) 
VgS Ground 

Rev/2 
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N. PD416 
BLOCK 

DIAGRAM 

-~-
>=o 

^•O 

T 

a<s O—a ~ 

ss 

I ~O c4s 

Operating Temperature   0°C tClor +70°C ABSOLUTE MAXIMUM 

Storage Temperature   -55°C to+150°C RATINGS*

All Output Voltages ~1   -0.5 to +20 Volts 

All Input Voltages ~1   -0.5 to +20 Volts 

Supply Voltages VDD. VCC. VSS ~  -0.5 to +20 Volts 

Supply Voltages VDD• VCC ~   -1.0 to +15 Volts 

Short Circuit Output Current  50 mA 

Power Dissipation   1 Watt 

Notes: Q1  Relative to Vgg 
® Relative to VSS 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25°C 

Ta = 0°C to 70°C, Vpp = +12V ± 10%, Vgg =-5V ± 10%, VCC = +5V ± 10%, 
VgS = ov 

PARAMETER I SYMBOL I 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Capacitance 
(AO-A61. DIN 

CI1 q 5 pF 

Input Capacitance 
~2 g 10 pF 

RAS, CAS, WRITE 

Output Capacitance 

(DOUT) 
CO 5 7 pF 

CAPACITANCE 
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N. PD416 

DC CHARACTERISTICS Ta =O°C to+70°C OI ,VDD=+12V±10°b,VCC=+SV±10%,Vgg=-5V± 10%, VSS=OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TVP MAX 

Supply Voltage Vpp 10.8 12.0 13.2 V 02 

Supply Voltage VCC 4.5 5.0 5.5 V 02  03 

Supply Voltage VSS 0 0 0 V 02 

Supply Voltage Vgg - 4.5 -5.0 -5.5 V 02

Input High 
Voltage, 

(Logic 11 
RAS, CAS, VIHC 2.7 7.0 V 02

WRITE 

Input High 
Voltage, 
except RAS, 

(Logic 11 
all inputs 

CAS VIH 2.4 7.0 V Q2

WRITE 

Input Low (Logic 01 
Voltage, all inputs VIL - 1.0 0.8 V Q2 

Operating Vpp Current Ippl 35 mA 
RAS, C~ cVcling; 

cRC = cRC M'^~ 

Standby Vpp Current Ipp2 1.5 mA 
RAS =VIHC• POUT 
=High Impedance 

Refresh 
V DD 
Current 

All Speeds 
except µPD416-5 IDD3 25 mA RAS cycling, CAS = 

V IHG cRC = 375 ns 
µpD416-5 IDD3 27 mA 

Page Mode Vpp 
Current IDD4 27 mA 

AR S =VIL, AC S 
cVcling; tpC = 
225 ns 

Operating VCC 
Current ICCI µA 

RAS, CAS cVcling, 
cRC = 375 ns 0 

Standby VCC Current ICC2 - 10 10 µA 
RAS= VIHC• 
OOUT =High 
I mpcda nce 

Refresh VCC Current ICC3 -10 10 µA 
AR S cVcling, 
~ - VIHC 
tqC 375 ns 

Page Mode VCC 

Current ICC4 µA 

RAS VIL, CAS 

cVcling. tpC 
225 ns 05 

Operating Vgg 
Current 

I 681 200 µq RAS. AC S cycling, 
cRC 375 ns 

Standby Vgg 

Current 
IBB2 100 µA 

RAS VIHC 
GOUT High 
Impedance 

Refresh Vgg 
Current 

1883 200 uA 
RAS cycling, 
CAS - VIHr: 
cRC = 375 ns 

Page Mode Vgg 
Current 1884 200 µA 

AR S =VIL, CAS 
cycling; 
tpC = 225 ns 

Input Leakage 
(any input) 

l 
II L)

10 10 µq 

Vgg = -5V. OV 

VIN ~ +7V, 
all other pins not 
under test = OV 

Output Leakage IpIL) -10 10 µA DOUT is disabled, 
OV s VOUT s +S.SV 

Output High Voltage 
(Lo9ic 11 

VOH 2.4 V IOUT' --5 r^AQ 

Output Low Voltage 

1 L.ogie 01 VOL 0.4 V IOUT = 4.2 mA 

Notes: O1  Ta Is 5pecilled here for ocera lion at frequencies to iFC ~ cRC (mint. Operation at higher cycle rates with reduced 
mbient temp¢rature5 and high Dower dissipation is permissible, however, provitled AC operating parameters are met. 

$ee Figure 1 for Berating c rve. 

8 

All voltages referenced to VSS. 
3 Output voltage will svn ng from V55 to VCC when activaretl with no current loading. For purposes of maintaining 

data in standby mode. VCC may be reduced ro Vgs without affecting refresh oDerahons or data retention. However, 
the VpH Iminl specification is not guaranteed in this motle. 

4 IDDI. IDD3• antl I ppq depentl on cycle rate. See Figures 2. 3 and 4 for Ipp limits at other cycle .aces. 
5 ICC1 and ICCq depend upon output loading. During readout o1 high level data VCC is connenetl through a low 

impedance (135St [ypl to tlata out. A[ all other tim¢s ICC Consists of leakage currents only. 
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~t P D416 
AC 
CHARACTERISTICS 

Te = 0`C to +70°C, VDD • +12V t 10%. V CC • +SV t 10%, Vgg - -5V : 10%, VSS • OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS 
aPD416 yPD418~t yPO4163 MPD416~3 upDd163 

MIN MA% MIN MA% MIN MA% MIN MA% MIN MAX 

RaMom real or write 
cycle time tRC 510 410 J75 320 J20 ^s Q 

Rbdwrite cycb time tpWC 575 465 375 375 320 ^s 

Page mode cycle time 1pC 330 275 225 170 160 ns 

Acnu tine Irom 
AR S tRAC 300 250 200 150 120 ns Q/

Access time from 

CAS tCAC 200 t65 175 100 BO ns 05 

Outpot boner 
win. a delay 

bfF 0 80 0 60 0 50 0 M 0 75 ns 07 

Tr•nsinon time 
Irisa arM fslll 

tT 3 50 3 50 7 50 3 35 3 35 ns 

7 A precMrge time tRP 200 150 120 lop 100 ns 

RAS Pulu witltn tR AS 700 10,000 250 10.000 200 J2,000 150 J2.000 120 10,000 ns 

i~A$hOld time tRSH 200 165 135 100 fm ni 

C~.S polo width tCgS 200 10.000 165 10,000 136 10,000 100 10.000 60 10,000 ns 

~AST to TCA3'aNey 
tRCD 40 100 75 85 25 65 20 50 15 40 ns QB 

AG $ to I~AS 
wecnarge time 

tCRP -20 -20 -20 -20 0 ns 

Row atlmess 
ut~uD time 

tASR 0 0 O 0 0 ns 

Row address 
Hole rim: tRAN 40 75 25 20 15 ns 

~lumn address 
uP time tASC -10 -10 -10 -10 -10 ns 

Column atldrns 
hold time tCAH 90 ]5 55 45 40 ns 

cowmn aderets hold 
referenud to 

AR S 

tqq 190 160 120 95 BO ns 

Rwd command 
ti t-uD time tRCS 0 0 0 0 0 ns 

Rnd comrrend 
n01d time tRCR 0 0 0 0 0 ns 

Write command 
Hold time tWCM 90 75 55 45 40 ns 

Wriu comman0 
Hold time 
referenced to AR S 

tWCq 190 160 120 95 80 ns 

Write command 
vulse wmro 1WP g0 75 55 45 d0 ns 

Write command to 
RAS lad time tRWL 12p 85 70 50 50 ns 

Write commend to 
AC S fwd time tCWL 1p 85 70 50 50 ns 

Dan-in ut~uP time tp5 0 0 0 0 0 m Q9 

Data~in Hold time tpH 90 75 55 a5 40 ns Q 

Data~in Hold time 
ref erenttd to RAS tDHR 190 160 120 95 60 m 

CAS Drecnarge time 
If or Page mode 

cycle onryl 
top 120 100 80 60 60 ns 

Refresh pried tREF 2 2 2 2 2 ms 

WRITE command 
ti t-uP time 1wc5 -20 -20 20 -20 0 ns ~1

CAS to WRITE 
delay 

tCWp 140 125 95 7fl 60 ns 10 

RAS ro WRITE 

aelav tRwD 240 200 160 120 120 na 10 

Notre: Q7 AC measurements assume tT 5 ns. 
© V 1HC Iminl or V I q Imin) and VIL Imaxl are reference levels for measuring Ommq of in0 t signals. Also, transn~on times are measured between V IRC or V IH ar'd V IL 
Q7 Tne spcilications for tpp Imml and tgyyC Imin) are usetl only to indicate cycle time at wnrch Proper oprat~on over me lull remprature range 10`C < Ta z ]0`CI 

sured. 

0 Assu s that tgCD ~ tRCD Imazl. If tRCD is greater than Ne mazimum recommendetl value shown in this table, tgAC will increau by the amount that tRCD 
exceeds the values shown. 

Q5 Aswmes that tgCD ~ tRCD Im•zl. 
© Measured with a load equivalent to 2 TTL loatls and 100 pF. 

0 tOFF Imazl defines the time et which the outDul ichieves the Open circuit condition and is not referenced to ou[Dut voluge levels. 

06 OpnUon within the tRCp Imazl limit ensures that tpAC Imazl can be met, tRCD (mail is specified as a reference Doint only, it tgCp is greater than the spcd~ed 

tRCD (mail limit, then access time if controlled ezcluswely by tCAC 
Theo parameters are referenced to AC S leading edge m early write cycles and to RW ITE leading edge in delayed write or read-modify-write cycles. 

tWCS~ tCWD and tgyyp are not restr¢tive opratug parameers. They are included in the tlata sneer as electncal charactenst~cs only. tl tWCS ~ tWCS Iminl. me cycle 
~ early write cycle end the den out pin will remain Open circuit (high impedance) i tgwp (mint, the cycle is a read write cycle and the tlata out will comam tlan 
read from the ulectad cell; A neither of the above sets of conditions is satisfied the condition of the data out fat access time) is indeterminate. 
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µ PD416 

DEBATING CURVES 
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60 

50 
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CYCLE RATE (MHz) = 103 /tRC Ins) 

FIGURE 1 

Maximum ambient temperature versus cycle 
rate for extended frequency operation. Ta
(max) for operation at cycling rates greater 
than 2.66 MHz (t CYC ~ 375 ns) is deter-
mined by Ta (max) [°C] = 70 - 9.0 x 
(cyc'erate [MHz] -2.661. ForµPD416-5, 

it is Ta (max) [°C] = 70 - 9.0 (cycle rate 
[MHz] - 3.1251. 

CYCLE TIME tRC (nsl 
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FIGURE 3 

Maximum I DD3 versus cycle rate for device 
operation at extended frequencies. 
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FIGURE 2 

Maximum I DD1 versus cycle rate for device 
operation at extended frequencies. 
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FIGURE 4 

Maximum IDD4 versus cycle rate for device 
operation in page mode. 
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~t PD416 

READ CYCLE 

VIHC 

SRC 

IR AS 

~} 
RAS 

VIL-
I RP 

IRSH 

~ ~-~ 

~ -ICRPr~ I RCD- y~ 

VIHC-
CAS 

VIL_ 

V IN._ 

ADDRESSES 

~IL-

I ASR 
tR 
AN 

'~~ I ASC~ 

CAS 

~CAH 

ROW 

ADDRESS ////, 

COLUMN 

ADDRESS 

ARCS IRCH f' 

IR 

WgITE 
~!/!/!!/////~////~ NIL C

VOH-

OOUT 

CAC 

T OFF AC 

vAL10 
DATA 

OPEN 

~OL-

RAS 

CAS 

VIHC-

VIL-

V I HC-

VIL-

A DORESSES VIH-

V
IL-

WRITE 

DIN 

OOUT 

RAS 

CAS 

ADDRESSES 

WRITE 

OOUI 

DIN 

VIHC 

VIL-

vOH. 

vOL 

~IHc 

VIL 

V
IHC 

VIL 

VII 

WRITE CYCLE 

R 

IRC 

r- ~RCO 

IRAM 

~I 145C 

~RSH 

ICAS 

f- IRP~ 

It I C RP ~+ 

IC AN 

COLUMN 
ADDRESS 

~WCH 
ICWI 

IWP ~j//////!//!!//!// 

RW 

OPEN 

READ-WRITE/READ-MODIFY—WRITE CYCLE 

R 

R 

~RCD 

IAtiI: 

IAS 

IRSH ~P-+ 
IC PPS 

IHC  

ROW 
A ODRESS ~//i ACOIUMN 

DDRE55 

'RCS 

iiiiViVi «iii 

VOR 

VOL 

r ~RWD 
CW 

~ ~CaC - ~ 

 OPEN 

C 

I CWL 

~- ~RWL 

v ALID 
DATA 

SOS 

~'" %//////l//////I//////////l////////////l/l////
VIL 

II 

TOFF 

VALID 
DATA 
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µ PD416 

TIMING WAVEFORMS 
(CON T.) 
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µPD416 

The 14 address bits required to decode 1 of 16,384 bit locations are multiplexed onto ADDRESSING 
the 7 address pins and then latched on the chip with the use of the Row Address 
Strobe (RASI, and the Column Address Strobe (CAS►. The 7 bit row address is first 
applied and RAS is then brought low. After the RAS hold time has elapsed, the 7 bit 
column address is applied and CAS is brought low. Since the column address is not 
needed internally until a time of tCRD MAX after the row address, this multiplexing 
operation imposes no penalty on access time as long as CAS is applied no later than 

tCRD MAX. If this time is exceeded, access time will be defined from CAS instead of 

RAS. 

For a write operation, the input data is latched on  the chip by the negative going 
edge of WRITE or CAS, whichever occurs later. If WRITE is active before CAS, this 
is an "early WRITE" cycle and data out will remain in the high impedance state 
throughout the cycle. For a READ, WRITE, OR READ-MODIFY•WRITE cycle, the 
data output will contain the data in the selected cell after the access time. Data out 
will assume the high impedance state anytime that CAS goes high. 

The page mode feature allows the µPD416 to be read or written at multiple column 
addresses for the same row address. This is accomplished by maintaining a low on RAS 
and strobing the new column addresses with CAS. This eliminates the setup and hold 
times for the row address resulting in faster operation. 

DATA I /0 

PAGE MODE 

Refresh of the memory matrix is accomplished by performing a memory cycle at each REFRESH 
of the 128 row addresses every 2 milliseconds or less. Because data out is not latched, 
"RAS only" cycles can be used for simple refreshing operation. 

Either RAS and/or CAS can be decoded for chip select function. Unselected chip CH I P SE LECTI ON 
outputs will remain in the high impedance state. 

In order to assure longierm reliability, VBB should be applied first during power POWER SEQUENCING 
up and removed last during power down. 
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µ PD416 
PACKAGE OUTLINE 

µPD416C 

µPD416D 

(Plastic) 

ITEM MILLIMETERS INCHES 

A 19.4 MAX. 0.76 MAX. 

8 0.81 0.03 

C 2.54 0.1~' 

D 0.5 0.02 

E 17.78 0.70 

F t.3 0.051 

G 2.54 MIN. 0.10 MIN. 

H 0.5 MIN. 0.02 MIN. 

I 4.05 MAX. 0.76 MAX. 

J 4.55 MAX. 0.18 MAX. 

K 7.62 0.30 

L 6.4 0.25 

+0.70 
M 0.25 0.07 

- 0.05 

(Ceramic) 

ITEM MILLIMETERS INCHES 

A 20.5 MAX. 0.81 MAX. 

B 1.36 0.05 

C 2.54 0.10 

D 0.5 0.02 

E 77.78 0.70 

F 1.3 0.061 

G 3.5 MIN. 0.14 MIN. 

H 0.5 MIN. 0.02 MIN. 

I 1.8 MAX. 0.18 MAX. 

J 5.1 MAX. 0.20 MAX. 

K 7.8 0.30 

L 7.3 0.28 

M 0.27 0.01 

416DS-12-80•CAT 
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NEC Microcomputers, Inc. 

0 
r 

16384 x 1 BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 

NBC 
fcPD2118 
fcPD2118-2 
µ PD2118-3 

~l'~~_lMl_ ~ ~.Wll 

DESCRIPTION TheµPD2118 is a single+5V power supply, 16384 word by 1 bit Dynamic MOS RAM. 
The µPD2118 achieves high speed with low power dissipation by the use of single tran-
sistor dynamic storage cell design and advanced dynamic circuitry. This circuit design 
results in the minimizing of current transients typical of dynamic RAMS. This in turn 
results in high noise immunity of the µPD2118 in a system environment. By using a 
multiplexing technique, the µPD2118 can be packaged in an industry standard 16-Pin 
Dip utilizing 7 address input pins for the 14 address bits required. The two 7 bit address 
words are referred to as the ROW and COLUMN address. Two TTL clocks, ROW address 
strobe (RA )and COLUMN address strobe (CA3`) latch these two words into the 
µPD2118. Non-critical timing requirements for RAS and ACA permit high systems per-
formance without placing difficult constraints upon the multiplexing control circuitry. 

The µPD2118 has athree-state output controlled by CAS, independent of RAS. Follow-
ing avalid read or read-modify-write cycle, data will be held in the output by holding 
CAS low. Returning CAS to a high state will result in the data out pin reverting to the 
high impedance mode. Use of this CAS controlled output means that the µPD2118 can 
perform hidden refresh by holding CAS low to maintain latch data output while using 
RAS to execute RAS-only-refresh cycles. 

The use of single transistor storage cell circuitry requires that data be periodically 
refreshed. Refreshing can be accomplished by performing RAS-only-refresh cycles, 
hidden refresh cycles or normal read or write cycles on each of the 128 address com-
binations of AO through A6 during a 2 ms period. The write cycle will refresh stored 
data on all bits of the selected row, except that the bit which is addressed will be mod-
ified to reflect the data input. 

FEATURES Single +5V Supply,±10%Tolerance 
• Low Power: 138 mW Max Operating 

16 mW Max Standby 
• Low VDD Current Transients 
• All Inputs, Including Clocks, TTL Compatible 
.• Non-Latched Output is Three-State 
• RAS-Only-Refresh 
• 128 Refresh Cycles Required 
• Page Mode Capability 
• CAS Controlled Output Allows Hidden Refresh 

PIN CONFIGURATION 

P/N ACCESS TIME R/W CYCLE RMW CYCLE 

µPD2118 150 ns 320 ns 410 ns 

µPD2118-2 120 ns 270 ns 345 ns 

µPD2118-3 100 ns 235 ns 295 ns 

NC 

DIN 

WE 

RAS 

AO

A 

ass 

CAS 

OUT 

AB

A3

Aa

'45 

NC 

PIN NAMES 

Ap-Ag ADDRESS INPUTS 
CAS COLUMN ADDRESS STROBE 
DIN DATA IN 
DOUT DATA OUT 
WE WRITE ENABLE 
RAS ROW ADDRESS STROBE 
V DD~ POWER (+5V) 
V~ GROUND 
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fcPD2118 

1 OF 64 
BLOCK 

AO —

BIT 
LATCH 

ROW 
DECODERS 

6C x 128 CELL 
M EMORV ARRAY 

DIAGRAM 

A~ — ~ IROW1 

128 SENSE 
AMPLIFIERS 

1 OF 64 COLUMN 
DECODERS 

1 OF 2 
I/O 

GATING 

OUTPUT 
BUFF R 

— DOUT 

Ay—~ 

A~ — 

~ — 

W 

CI 
W 

7 AS — Q 

1 OF 6a AB— BIT 

L ATCM ROW 64 n 128 CELL 
ICOLUMNI DECODERS MEMORY ARRAY 

~A 

CAS 

CLOCK 
GENERATOR 

N0.1 

WE 

CLOCK 
GENERATOR 

N0.2 

DIN 

WRITE 
ENABLE 
BUFFER 

DATA 
INPUT 
BUFFER 

BLOCK DIAGRAM 

Ambient Temperature Under Bias   -10°C to+BO°C ABSOLUTE MAXIMUM 
Storage Temperature   -65°C to+150°C RATINGS* 
Voltage On Any Pin Relative to VSS   -2.0 to +7.5V 
Data Out Current  50 mA 
Power Dissipation 1  OW 

'COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these 

or at any other conditions above those indicated in the operational sections of this specification 

is not implied. Exposure to absolute maximum rating conditions for extended periods may affect 

device reliability. 



~ItPD2118 

DC CHARACTERISTICS 
READ, WRITE, AND 

READ CODIFY WRITE 
CYCLES 

Ta = 0° C to 70°C, V pp = 5V ± 10%, Vgg = OV, unless otherwise noted. 

PARAMETER SVMBOL 

LIMITS 

TEST CONDITIONS NOTES MIN MAX UNIT 

Input Loatl Current ILI 10 µA VIN = VSSm VDD 

Output Leakage Current 
for High Impedance State 

ILO 10 µA Chip Deselected Chat 
V I H ~ VOUT = 0 to 5.5V 

Vpp Supply Current Ippl 3 mA ~` and SAS at VIH 
(Standby) 

Vpp Supply Current µPD2118.3 Ipp2 25 mA 
(Operating) 

µpp2118.2 IDD2 22 mA TRC =TRC Min Q 

µPD2118.0 IDD2 22 mA 

V pp Supply Current µP021183 IDD3 20 mA 
IRAS-Only CVcle) µP02118.2 IDD3 18 mA Q2 

µPD2116.0 IDD3 18 mA TRC =TRC Min 

Vpp Supply Current Page µPD2118-0 IDD4 20 mA 

Mode, Maximum tpC µPD2118-2 Ippq 17 mA 2~ 

Minimum tCAS µPD2118-0 IDD4 15 mA 

Vpp Supply Current IpDS 4 mA CAS at VIL, RA3r at VIH 
(Standby, Output Enabled) 

Input Low Voltage VIL —2.0 0.8 V 

Input High Voltage VIH 2.4 7.0 V 

Output Low Voltage VOL 0.4 V IOL=4.2 mq 

Output High Voltage VOH 2.4 IpH ̀ -5 mA 

Notes: Q1  All voltages referenced to VSS 

02 IDD is dependent on output loading when the device output is selected. Specified 
Ipp Maz is measured with the output open. 

CAPACITAIVCE ~ Ta = 25 C, VDD = 5V ± 10%, VSS = OV, unless otherwise noted. 

SYMBOL PARAMETER TYP MAX UNIT 

CI1 Address, Data In 3 5 PF 

Cl2 RAS, WE 4 7 PF 
CI3 CAS 6 10 PF 

CO Data Out 4 7 PF 

NOTES: Q1  Capacitance measured with Boonton meter or effective capacitance 
calculated from the Equation C = IOT/DV with OV equal to 3V 
and power supplies at nominal levels, 
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µPD2118 
Ta = 0°C to 70°C: Vpp = SV * 10%, Vgg ~ OV, unless otherwise noted. 

READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 

SYMBOL PARAMETER 

µPD2118-3 µPD2116-2 µPD2118~0 

UNIT NOTES MIN MAX MIN MAX MIN MAX 

tRAC Access Time From F~AS 100 120 150 ns (~4 05 

tCAC Access Time From CAS 50 65 80 ns O4  0 

tREF Time Between Relresh 2 2 2 ms 

tqp RAS Precharge Time 110 120 135 ns 

tCPN CAS Precharge Time Inon-page- 
mode cycles) 

50 55 70 ns 

tCRP CAS to RAS Precharge Time 0 0 0 ns 

tRCD RAS to CAS Delay Time 20 50 20 55 25 70 ns Q7 

tRSH RAS Hold Time 65 85 105 ns 

tCSH CAS Hold Time 110 135 165 ns 

tASR Row Address Set-Up Time 0 0 0 ns 

1RgH Row Address Hold Tlme 10 10 15 ns 

tASC Column Address Set-Up Time 0 0 0 ns 

tCgH Column Address Holtl Time 15 15 20 ns 

tqR Column Address Hold Time, 
to AR S 

65 70 90 ns 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 

tOFF Output Buffer Turn Oft Delay 0 45 0 50 0 60 ns 

READ AND REFRESH CYCLES 

tqC Random Read Cycle Time 235 270 320 ns 

tRAS RAS Pulse Width 115 10,000 140 10,000 175 10,000 ns 

tCAS CAS Pulse Width 60 10,000 80 10,000 95 10,000 ns 

tRCS Read Command Set-Up Time 0 0 0 ns 

tRCH Read Commantl Hold Time 0 0 0 ns 

WRITE CYCLE 

tRC Random Write Cycle Tme 235 270 320 ns 

tRAS RAS Pulse Width 115 10,000 140 10,000 175 10,000 ns 

tCAS CAS Pulse Width 60 10,000 80 10,000 95 10,000 ns 

tWCS Write Command SerUp Time 0 0 0 ns 09 

tWCH Write Commantl Hold Time 30 35 45 ns 

tWCR Write Command Hold Time, 
to RAS 

80 90 115 ns 

tyyp Write Command Pulse Width 35 40 5D ns 

tgyYL Write Command to RAS Lead 
Time 

70 90 110 ns 

tCyyL Write Command to CAS Lead 
Time 

65 85 100 ns 

tDS Data~ln Set-Up Time 0 0 0 ns 

tDH Data~ln Hold Time 30 35 45 ns 

tDHR Data~ln Hold Time, to RAS 80 90 115 ns 

READ-MODIFY-WRITE CYCLE 

tRWC Read-ModRy-Write Cycle Tlme 295 345 410 ns 

tggyy RMW Cycle RAS Pulse Width 175 10,000 215 10,000 265 10,000 ns 

tCRyy RMW Cycle CAS Pulse Width 120 10,000 155 10,000 185 10,000 ns 

tRWD RAS to WE Delay 100 120 150 ns Q9

tCWD CAS to WE Delay 50 65 80 ns Q9 

PAGE MODE CYCLE 

tpC Page Mode Read or Write Cycle 130 160 190 ns 

tPCM Page Mode Read-Modify -Write 190 235 260 ns 

tCp AC S Precharge Time, Page Cycle 60 70 85 ns 

tRPM RA Pulse Width, Page Mode 125 10,000 150 10,000 175 10,000 ns 

tCgg AC S Pulse Width 60 10,000 80 10,000 95 10,000 ns 

'NOTES: See page 7. 

AC 
CHARACTE R ISTICS~~O~ 
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READ CYCLE 

TIMING 
WAVEFORMS 

„~. 

WRITE CYCLE 

/~ 

READ-MODIFY-WRITE CYCLE 

p ~~A> 

~~\ 

~~a. 

~ cos—.. ~"—~~~-- 2 

NOTES: See page 7. 
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RAS-ONLY REFRESH CYCLE TIMING WAVEFORMS (CONY.) 

Sao 

®x

®,~.~ 

~ .,. 

~.~ 

ra 

®`c 

HIDDEN REFRESH CYCLE 

~u~
 ~, 

PAGE MODE READ CYCLE 

O~

® \1 

~\~ '°° X 

PAGE MODE WRITE CYCLE 

O~ •^ 

~. ~~ 
~© / ~ 1 :. 
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PAGE MODE READ-MODIFY-WRITE CYCLE 
TIMING WAVEFORMS (CONY.) 

READ CYCLE 

m~. ~i~ ~~ K

o ~-~~~~~ 
.~~ 

~~ 
~.c 
~ ~ ~~ ~r ~ ,~r~~` a..a: ,~ o...~ a,.a.~~ 

Notes: O All voltages referenced to VSS~ 

Eight cycles are required after power-up or prolonged periods greater than 2 ms of RAS inactivity before 
proper device operation is achievetl. Any 8 cycles which perform refresh are adequate for this purpose. 

AC Characteristics assume t7 = 5 ns. 

0 Assume that tRCD ~ tRCD (maxi. If tRCp is greater than tRCD (maxi, then tgp~C will increase by the, 
amount that tRCp exceeds tRCD Imaxl. 

05  Load = 2 TTL loads and t00pF. 

(5~ Assumes tRCD > tRCD (maxi. 

-.Cp (maxi is specified as a reference point only: if tRCD is less than tRCD Imaxl access time is tRAG 
'RCD is greater than tRCp (max) access time is tRCD+tCAC 

measured between VIH (min) and VIL (maxi. 

tpyyp and tgyyp are specified as reference points only. If tWCS > tWCS (min) the cycle is an early 
. cycle and the data out pin will remain high impedance throughout the entire cycle. If tCWD > tCWD 

and tgyyp > tgyyp Iminl, the cycle is a read-motlifywrite cycle and the data out will wntain the data read 
from the selected address. If neither of the above conditions is satisfied, the condition of tha data ou[ is 
indeterminate. 

t t VIH min and V I L max are reference levels for measuring timing of input signals. 

©® VOH min and VOL max are reference levels for measuring timing of DOUT• 

® tOF F is measured to TOUT ~ ~ I LO I 

®tpS and tpH are referenced to CAS or WE, whichever occurs fast. 

® tRCH is referenced to the trailing edge of CAS or RAS, whichever occurs first. 

©tCRp requirements is only applicable for RAS/CAS cycles proceeded by a CAS-

only cycle (i.e., for systems where CAS has not been decoded with RASI. 

A Read cycle is performed by maintaining Write Enable (~) high during aRAS/CAS 
operation. The output pin of a selected device will remain in a high impedance state 
until valid data appears at the output at access time. Device access time, tACC• is the 
longer of the two calculated intervals tACC = tRAC or tACC = tRCD + tCAC• 

Access time from RAS, tRAC, and access time from CAS, tCACr are device param-
eters. Row to column address strobe delay time, tRCD. are system dependent timing 
parameters. For example, substituting the device parameters of the µPD2118-3 yields 
tACC = tRAC = 100 nsec for 20 nsec StRCD X50 nsec, but tACC = tRCD + tCAC 
tRCD + 50 for tRCD >50 nsec. 

Note that if 20 nsec StRCD 550 nsec device access time is determined by the first 
equation and is equal to tRAC• If tRCD >50 nsec, access time is determined by the 
second equation. This 30 nsec interval (shown in the tRCD inequality in the first 
equation) in which the falling edge of CAS can occur without affecting access time is 
provided to allow for system timing skew in the generation of CAS. 
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Each of the 128 rows of the µPD2118 must be refreshed every 2 milliseconds to main-

taindata. Any memory cycle (read, write, or RAS only) refreshes the selected row as 

defined by the low order (RAS) addresses. Any Write cycle, of course, may change the 
state of the selected cell. Using a Read, Write, or Read-Modify-Write cycle for refresh 
is not recommended for systems which utilize "wire-OR" outputs since output bus 
contention will occur. 

A RASonly refresh cycle is the recommended technique for most applications to 
provide for data retention. A RAS-0nly refresh cycle maintains the DOUT in the 

high impedance state with a typical power reduction of 20% over a Read or Write 

cycle. 

REFRESH CYCLES 

RAS and CAS have minimum pulse widths as defined by tRAg and tCAS respectively. RAS~CAS TIM ING 

These minimum pulse widths must be maintained for proper device operation and data 

integrity. A cycle once begun by bringing RAS and/or CAS low must not be ended or 

aborted prior to fulfilling the minimum clock signal pulse widthlsl. A new cycle can 

not begin until the minimum precharge time, tRp, has been met. 

Data Output (DOUT~. which has three-state capability, is controlled by CAA `. During DATA OUTPUT 
CAS high state (C~ at VIH) the output is in the high impedance state. The following OPERATION 

table summarizes the DOUT state for various types of cycles. 

Type of Cycle DOUT State 

Read Cycle Data From Addressed 
Memory Cell 

Early Write Cycle HI-Z 

RAS•Only Refresh Cycle HI•Z 

CAS•Only Cycle H I-Z 

Read/Modify/Write Cycle Data From Addressed 
Memory Cell 

Delayed Write Cycle Indeterminate 

HIDDEN REFRESH 

A feature of the µPD2118 is that refresh cycles may be performed while maintaining 
valid data at the output pin. This feature is referred to as Hidden Refresh. Hidden 
Refresh is performed by holding CAS at V I ~ and taking RAS high and after a specified 
precharge period 1tRp1 executing a "RAS-Only" refresh cycle, but with CAS 
held low (see Figure below►. 

RAS 

CAS 

GOUT 
HIGH Z 

MEMORY 
CYCLE 

REFRESH 
CYCLE 

 l DATA 

This feature allows a refresh cycle to be "hidden" among data cycles without affecting 
the data availability. 
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POWER ON The µPD2118 requires no power on sequence. After the application of the Vpp 
supply, or after extended periods of bias (greater than 2 ms) without clocks, the device 
must perform a minimum of eight 181 initialization cycles (any combination of cycles 
containing a RAC clock such as RAS-only refresh) prior to normal operation. 

The Vpp current (lpp) requirement of the µPD2118 during power on is, however, 
dependent upon the input levels of RAS and CAS. If the input levels of these clocks 
are at VIH or Vpp, whichever is lower, the Ipp requirement per device is IDD1 (IDD 
standby). If the input levels for the two clocks are lower than VIH or Vpp, the IDD 
requirement will be greater than IDD1 •For large systems, this current requirement 
for Ipp could be substantially more than that for which the system has been designed. 
A system which has been designed assuming the majority of devices to be operating 
in the refresh/standby mode may produce sufficient Ipp loading such that the power 
supply might current limit. To assure that the system will not experience such loading 
during power on,a pullup resistor for each clock input to Vpp to maintain the non-
selected current level (IDD1) for the power supply is recommended. 

PACKAGE OUTLINE 
µPD2118D 

µPD2118C 

Cerdip 
~. MI~F~MF. B5 INCNEs 

i9~ nx 00 10BaN» 

6 

C a 010 

D 0a6 -0.t0 0.019-0.OM 

E iI JB 010 

E I S 0059 

G }fia MiN OiO MiN 

N O6M~N OOi9 MiN 

I a6B Max OIBI MAx 

J SOB Mnx 0}O Mar 

< 16} 0 JO 

L 6a Ol6 

M 0 }6 ~ 0.05 0 0098 0 009 

Plastic 
ITFM MI i FiE BS INCNES 

i9 a M4x 0 16 M4x 

OBi OOJ 

} Sa 0 i0 

OS OU} 

it IB 0 10 

O Obi 

G 0 ~0 MiN 

0 5 MiN o9}+Iw 
a os Mn x 0 ~6 Mnx 

a 55 Mnx O IB Mnx 

16} O l0 

6a 0 }5 

0 ]6 I 00~ 

2118DS-12-80-CAT 
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NBC 
NEC Microcomputers, Inc. ~,PD4164-1 

N, PD4164-2 

65,536 x 1 BIT DYNAMIC µ PD4164-3 

RANDOM ACCESS MEMORY 
DESCRIPTION The NECµPD4164isa65,536words by 1 bit Dynamic N-Channel MOS RAM designed 

to operate from a single +5V power supply. The negative-voltage substrate bias is 
internally generated —its operation is both automatic and transparent. 

The µPD4164 utilizes adouble-poly-layer N-channel silicon gate process which provides 
high storage cell density, high performance and high reliability. 

The µPD4164 uses a single transistor dynamic storage cell and advanced dynamic 
circuitry throughout, including the 512 sense amplifiers, which assures that power 
dissipation is minimized. Refresh characteristics have been chosen to maximize yield 
(low cost to user) while maintaining compatibility between Dynamic RAM generations. 

The µPD4164 three-state output is controlled by CAS, independent of RAS. After a 
valid read or read-modify-write cycle, data is held on the output by holding ~ low. 
The data out pin is returned to the high impedance state by returning CAS to a high 
state. The µPD4164 hidden refresh feature allows CAS to be held low to maintain 
output data while RAS is used to execute RAS only refresh cycles. 

Refreshing is accomplished by performing RAS only refresh cycles, hidden refresh 
cycles, or normal read or write cycles on the 128 address combinations of AO through 
Ag during a 2 ms period. 

Multiplexed address inputs permit the µPD4164 to be packaged in the standard 16 
pin dual-in-line package. The 16 pin package provides the highest system bit densities 
and is compatible with widely available automated handling equipment. 

FEATURES • High Memory Density 
• Multiplexed Address Inputs 
• Single+5V Supply 
• On Chip Substrate Bias Generator 
• Access Time: µPD4164-1 — 250 ns 

µPD4164-2 — 200 ns 
µPD4164-3 — 150 ns 

• Read, Write Cycle Time: µPD4164-1 — 410 ns 
µPD4164-2 — 335 ns 
µPD4164-3 — 270 ns 

• Low Power Dissipation: 250 mW (Activel; 28 mW (Standby) 
• Non-Latched Output is Three-State, TTL Compatible 
• Read, Write, Read-Write; Read-Modify-Write, RAS Only Refresh, and Page Mode 

Capability 
• All Inputs TTL Compatible, and Low Input Capacitance 
• 128 Refresh Cycles (AO-Ag Pins for Refresh Address) 
• CAS Controlled Output Allows Hidden Refresh 
• Available in Both Ceramic and Plastic 16 Pin Packages 

PIN CONFIGURATION Nc 

DIN 

WE 

RAS 

Ap 

AZ 

At 

VCC 

VSS 

CAS 

DOUT 

A5 

A3 

Aq 

A5 

A~ 

PIN NAMES 

Ap-A~ ~ Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

DiN Datalnput 

DOUT Data Output 

VCC Power Supplyl+5V) 

Vgg Ground 

NC No Connection 
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Operating Temperature   0°C to +70°C ABSOLUTE MAXIMUM 
Storage Temperature (Ceramic Package)   -55°C to+150°C RATINGS*

(Plastic Package)   -55°C to+125°C 

Supply Voltages On Any Pin Except VCC   - 1 to +7 Volts Q1

Supply Voltage VCC  -0.5 to +7 Volts Q1

Short Circuit Output Current   50 mA 

Power Dissipation   1 Watt 

Note: Q1  Relative to VSS 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25°C 

Ta =O° to 70°C ~1  ;VCC=+5V~10%;VSS=OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Supply 
VCC 4.5 5.0 5.5 V 

Voltage 
VSS 0 0 0 V 

High Level Input Voltage, 
(RAS, CAS, WE) 

V IHC 2.4 5.5 V All Voltages 
Referenced 
to VSS High Level Input Voltage, 

All Inputs Except RAS, VIH 2.4 5.5 V 

CAS, WE 
Low Level Input Voltage, VIL .2.0 0.8 V 
All Inputs 
Operating Current µpp4164-1 45 
Average Power Supply 

µPD4164-2 50 Operating Current ICC7 mA Q 
RAS, CAS Cycling; 

µPD41643 60 tRC = tRC (Min•) 
Standby Current 
Power Supply Standby 

ICC2 5.0 mp' Current (RAS =VIHC• 
DOUT = Hi-Impedance) 
Refresh Current 
Average Power Supply µPD4164 1 35 

Current, 
Refresh Mode; ICC3 µPD4164-2 40 

mA O 

RAS Cycling, CAS =VIHC. 
tRC = tRC (Min,) µPD4164-3 45 

Page Mode Current 
Average Power Supply µPD4164-1 35 

Current, 
Page Mode Operation ICC4 µPD4164.2 40 mA Q 

RT$ =VIL; CAS Cycling 
45 

tPC = tPC (Min,) µPD4164.3 

Input Leakage Current 
Any Input 
VIN=Oto+5.5 Volts, IIILI -10 10 µA 
All Other Pins Not 
Under Test = OV 
Output Leakage Current 
DOUT is Disabled, IOILI —10 10 µA 
VOUT=Oto+5.5 Volts 
Output Levels 
High Level Output VOH 2.4 VCC V 
Voltage (IOUT = 5 mAl 

VOL 0 0.4 V Low Level Output 
Voltage (IOUT = 4.2 mA) 

Notes: 01  Ta is specified here for operation at f equencles to tRC ? tRC (mint, Operation at 
higher cycle rates with reduced ambient temperatures and high power dissipation is 
permissible, however, provided AC operating parameters are met. 
ICC1 ~ ICC3 and ICC4 depend on output loading and cycle rates. Specified rates are 
obtained with the output open. 

DC CHARACTERISTICS 
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AC CI-IARACTERISTICS 
T, - o° w *7o°c 0; vpc -+5v : lox; v~ - ov O O 

►AgAMETEq SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS 

wPD1184t pPO17642 pPD11843 

MIN MAX MIN MAX MIN MAX 

Rarbom Read or WAts 
CY<le Time 

LqC 110 336 270 rn (§~ 

Read Wrne CYcle Time igWp 165 335 270 m 

Pape Mode Cycle Tims tPp 276 225 170 m 

A¢aq Time from AR S tggC 260 2/10 160 ns 

AmuTime from Zl~ tCAC 1% 135 100 rn Q 

Output Buller Turn-0H 
Ddey 

tOFF 0 60 0 50 0 /0 rn 09 

Trentition Time lRiu and 
Fall! 

t7 3 60 3 50 3 60 m Q4

RAS Prechop Time tRp 160 120 100 m 

RAS PuIds Width tRAS 260 10,000 200 10,000 760 10,000 ns 

RAS Hob Time tRSH 166 135 tOD rn

AC S Pulu Width tCAB 186 10,000 135 10,000 100 10,000 ns 

AC S Mob Time tCSH 260 200 150 na 

RAS to AC S Daley Time tppD 35 SS 30 65 26 50 m 

AC S to AR S Pracnarp Tme tOgp 0 0 0 na 

AC S Procharp Tims tCPN J5 30 25 ns 

CAS PrwMrp Tims IFor 
Pap Mats Cycle Only) 

top 100 % BO m 

AR S Prwharp~~Holtl 
Tima 

tgpC 0 0 0 ns 

Row Adtlms Sat-Up Time tASq 0 0 0 m 

Row Addreq Hold Tima tgAH 25 20 16 ns 

Column Adtlrns $at-Up 
Tima 

tASC 0 0 0 na 

Column Address Hdd Time tCAH 75 55 I6 rn

Column Atldress Mdtl Tima 
Rafarinced to RAS 

tqq 160 120 % ns 

Reatl Commend SeFUp 
Time 

tgf3 0 0 0 rn

Read Commend Hold Time 
Reunncad to AR S 

tggH 30 35 20 rn

Read COmmarb Hold Time tgCH. 0 0 0 m 

Wri» Command Hold Time tWCH 75 65 16 m 

Write Command Hold Time 
Rauroncad to RAS 

IWCq 780 120 96 rn

Write sammwM Pula Width tyyP ]5 56 /6 rn

Wrlu Commend to RAS 
Leetl Time 

tgWL 100 55 /S m 

Writs Commarb to CAS 
Lad Tima 

tpyyL 100 55 I5 rn

Deudn Bat-Up Tima tpS 0 0 0 ns 

Data-In Hold Tima tpq 76 55 /6 ns 

Dna-In Hob Time 
Referenced u RAS 

tOHR "180 120 % rn

Refresh Period tREF 2 2 2 ma 

PW I7E Command Ses-Up 
Tims 

tyypS -XI -20 -20 ns O 

CAS to WRITE Delay tpWp 176 % 80 ns 

RAS to HW ITE Dairy tgypp 200 105 '110 red 

Note: 0 Ta b speclfMd here for apntirn et frpwnciaa to tqC > tqC mini. Opntion t viper cycle rem with redupd 
amDien empentura entl hiper power diwipetion is parmi»IbN, howawr, provldW AC operating pens»n an met. 

Q2 M initil own of 100 wd is roouind after power-up fdlowstl by any B R315cY<les Defoe proper dWn operation is 
echiewd. 

Q3 AC msawnmenb aaume tT - 5 ns. 

Q V IHC (min) or V Ill Imin! and VIL Imexl em nunnp !awls for meaurinp timirq of Input sipnaH. Alw, tremiHon 
time an maawrad between V IHC or V Ill and VIL. 

05  Ta geciikniom fa iqp Imin) aM t Imbl en uad only to indiud cycle times et whits proper oporadon owr 
the full »maresun rwp 10- C < Te t 7PC) is soured. 

© Aaumes Mat tRCB t tRCD (maxi. If LRCS is 9na[er then tea maximum ncommendw velw Mown in [his able, 
tRAC will Incnau by the amount Mat LRCD exueW [he wluea Mown. 

Q] Aesumsa MH tRCD> LRCD Imexl. 
08  huaura0 wits a load a0uiwlent w 2 TTL loads end 100 pF. 

® tOFF Imaxl define Me time n whits LM pu»ut achieves Ma Dore circuit condition end Is not nhnncatl to auuut 
vdtaprlawb. 

® Qseretim within Ma tRCD (max) Iimh enwret thes tRAC lmul on be met, LRCD Imnl N specilhd es • roferanp 
point on1Y. i1 [RCD D pour Mw Me specified tgpp Imal IimiL Man ecpw tires is controlled euluaiwlY by [CAG 

® Thade Wrame»n ere nunnced to~~ !ceding by in eMV wrlu rycles end to ~I ~ IeWinp edp In delNed wrlu 
r netl+nodifymyi» cycled. 

® tNCS• LLWp and Iqsyp en restri<tiw ogntinp panma»n in ndwri» and naM1motlilywrid ryded anlY. If IyypS > 
tWC$ (mint. Me Ccle is w early wri» cycle and the dna ouuut will mmeln oqn circuit Mwuphaut 1M anHn cycle. 
If tpyfp> tpWp Imin! orb tRWD> tRWD Iminl, the rycN h e nadwriu and the dta output will <antMn Mte reed 
from Me alKted ell. 11 MIMer of Me above conditions en met Me contlltlon of the deu wt let weed Hme and until 
1.eA~.'poes tuKk to V Ill I is IndaurminM. 

® EIMes tRRH or tRCH mwt M u[bfMd for • had ry W. 
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~iAS 

CAS 

v IRC 

vIL 

vIRC 

vll 

vIR 
ADDRESSES 

VIL 

WRITE 

DOUT 

RAS 

CAS 

NIRC-

VIL_ 

vOR-

"oL-

"I Rc 

VIL 

IRC 

N1l 

w DORESSES IR 

~IL-

WRITF 

DIN 

Dpui 

RAS 

tas 

ADDRf ssES 

RW i lfif 

DDDI 

C 

"oR 

vOL 

IRC 

u¢ 

° rt

• c 

PUR 

° ol 

~;; I/////////////////l///////////UI/////O/I///

i 
READ CYCLE 

  IRC 

  R4S 

AR 

RCD 

fCSM 

145 
IRAR 

wsC 

1RC5 

1RSR 
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1CAM 

wCOLUMN 
D DRESS 

CPN y _ 

~%///////////////%%%///r 
1RCN 

RwC 

AC 

J F~ 

tRRfi 

WRITE CYCLE (EARLY WRITE) 

OPEN 

v A LID 
DATA 

 ~.

READ•WRITE/READ•MODIFV—WRITE CYCLE 

 fRMW 

RAS 

¢o 

1CSR 

'RP 

fCRP 

RDW 
ADDRESS 

f0 IIMN 
ADDRES 

'RWD 

'// 

'cwo 
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  D EN 
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~~D 
D41A 

c I ~~ 
'Ds 
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TIMING WAVEFORMS 
(CONT.1 

RAS 

ADDRESSES 

CAS 

DOUT 

.A 

RAS 

CAS 

yIRC-

yIL_ 

yIL- 

yIRC 

yIL 

yOR-. 

y0l 

"RAS-ONLY"REFRESH CYCLE 

~►~ L IRAS 

RC 

f IRAN y 

IASR 

/l////l///////~ ROW 
ADDRESS 

IRP 

~////////O/I//////O/////////////////////, 

OPEN 

~^ ~RPC 

HIDDEN REFRESH CYCLE 

 ~. f..l-,~ - 
~.Af 

~.. ..a., 
~ r~ioo/~ raaaoo/~,/ioioiriioraii~airr 

 R ..~_ ~~ 

yIRC 

yll-

V 

yIR-
AOORESSES y 

IL -

GOUT 

WRITE 

RAS 

CAS 

PAGE MODE READ CYCLE 

I AR ~i 

~ -I CAC'""~'~ 

y0 ~ OPEN 

yOl-

I

~

R

/

C

/

S

///+//(/I1' 

~ I RCR 

yIRC- 

LL~JJ~'J.LLL~ V 

y 
IMC-~ 

vIL _ 

IRC-

yIL_ 

~'IR-
ADORESSES y 

IL-

WRITE 

DIN 
IN-

IR AS 

~ ICAC 

f 14Ff 

~~ 

PAGE MODE WRITE CYCLE 

IRAS 

'~ ~ i////% ~'//////~~/// 

//i//~r //////////.~~ ///////// 

R 

IDN 
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Ta = 0° to +70° C; VCC = +5V ± 10%; Vgg = OV 

PARAMETER SYMBOL LIMITS UNIT 
TEST 

CONDITIONS MIN TYP MAX 
Input Capacitance 

(AO-A7~, DIN CI1 5 6 PF 

Input Capacitance 
~2 10 pF 

RAS, CAS, WRITE 

Output Capacitance 

(DOUT) 
CO 

~ 
pF 

Plastic 

ITEM MILOMETERS INCHES 

A 19.<MAX. 0.76 MAX. 

8 0.61 0.03 

C 2.51 0.10 

D 0.5 0.02 

E 17.]8 0.70 

f 1.3 0.051 

G 2.SC MIN. 0.10 MIN. 

H OS MIN. 0.02 MIN_ 

I 1.05 MAX. 0.16 MAX. 

J C.55 MAX. 0.18 MAX. 

K ].61 0.30 

L 8/ 0.25 

.D.l D 
M 0.25 

-0.05 
0.01 

Ceramic 

A 

ITEM MILLIMETERS INCHES 

A 20.5 MAX. 0.61 MA%. 

6 1.3E 0.06 

C 2.5/ AIO 

D 0.5 0.01 

E 17.7E 0.70 

F i.3 0.061 

G 3.E MIN. D.I~M1N. 

N 0.6 MIN. 0.02 MIN. 

I 1.E MAX. 0.1 E MAX. 

J 6.1 MA%, AIO MAX. 

K 7.E 0.30 

L 7.3 0.21 

M Q37 0.01 

K a 

L~ 

~M 0-10°+I ~-

CAPACITANCE 

PACKAGE OUTLINES 
µPD4164C 

µPD4164D 
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NEC Microcomputers, Inc. 

4096 x 1 STATIC NMOS RAM 

1~EC 
N.PD4104 
EtPD4104.1 
µPD4104.2 

DESCRIPTION The µPD4104 is a high performance 4K static RAM. Organized as 4096 x 1, it uses 
a combinatiun of static storage cells with dynamic input/output circuitry to achieve 
high speed and low power in the same device. Utilizing NMOS technology, the 

µPD4104 is fully TTL compatible and operates with a single +5V ± 10%supply. 

FEATURES `• Fa:;t Access Time — 200 ns (µPD4104-2) 
• Very Low Stand-By Power — 28 mW Max. 
• Low VCC Data Retention Mode to +3 Volts. 
• Single+5V±10% Supply. 
• Fully TTL Compatible. 
• Available in 18 Pin Plastic and Ceramic Dual-in-Line Packages. 
• 3 Performance Ranges: 

ACCESS TIME R/W CYCLE 

SUPPLY CURRENT 

ACTIVE STANDBY LOW VCC 
µPD4104 300 ns 460 ns 21 mA 5 mA 5 mA 
µPD41041 250 ns 385 ns 21 mA 5 mA 3.3 mA 
µPD41042 200 ns 310 ns 25 mA 5 mA 3.3 mA 

A3 C 1 v 18 ~ VCC 

A2C 2 17]A 5

A1 C 3 16~A 4

AO C 4 15 A7

A11 C 
r-' 

'0`10 
f-" 

5

6 

µPD
4104 

14 

13 

—
]

I—I 
A8 

] A9

DOUT C 7 12 C A6

WE ~ 8 11 ~ DIN 

VSS C 9 10 ] CE 

Rev/2 

PIN NAMES 

AO-A t1 Address Inputs 

CE Chip Enable 

DIN Data Input 

DOUT Data Output 

VSS Ground 

VCC Power (+5V) 

WE Write Enable 
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fc PD4104 
AO —
A1 

—
BLOCK DIAGRAM 

ROW 
A2 _ DECODER 

MEMORY 

AND 
ARRAY 

A4 
q6

BUFFER 64 x 64 

CE TIMING 
GENERATOR 

COLUMN 
DECODER AND 

BUFFER 
DIN — r DOUT —
WE — 

I/O 
I I I I I I 

'46 A7 A8 A9 A10 A11 

Operating Temperature  

Storage Temperature  -65°C to +150°C 

Voltage on Any Pin  -1 to+7 Volts Q 

Power Dissipation   1 Watt 

Short Circuit Output Current   50 mA 

Note: ~ With respect to VSS 
COMMENT: Stress above those listed untler "Absolute Maximum Ratings" may cause permanent 
damage to the device. Tnis is a stress rating only and functional operation of the tlevice at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure ro absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Ta = 25°C 

Ta = 0° C to +70~ C, VCC = +5 V ~ 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MtN TVP MAX 

Supply Voltage VCC 4.5 5.0 5.5 V 

Logic "1" Voltage All Inputs VIF{ 22 -3 7.0 V 

Logic"0"Voltage All Inputs VIL -1.0 0.8 V 

Average VCC 
Power Supply 
Current 

µPD4104 ICC1 21 mA 

2Q 
µPD41041 ICC1 21 mA 

µ pD41042 I CCl 25 mA 

Standby VCC Power Supply Current ICC2 5 mA Q 

Input Leakage Current (Any Input) IIL -10 10 µA 

Output Leakage Cwrent IpL -10 70 µA Q Q 

Output Logic "1" Voltage IOUT -500 µA VOH 2.4 V 

Output Logic "0" Voltage TOUT 5mA VOL 0.4 V 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX , 

Input Capacitance CIN 4 6 pF Q7 

Output Capacitance COUT 6 7 pF lZ 

Notes: (i,j All voltages referenced to VSS 

ICC1 is related to precharge and cycle times. Guaranteed maximum values for ICC7 may 

be calculated by 

ICC7 I ^H' I = 15tp + 13 ItC - tpl + 3420) tC 

where tp and tC are expressed in nanoseconds. Equation is referenced to the -2 device, 

other devices Berate to the same curve. 

Q3 Output is disabled (open circuit), CE is at logic 1. 

Q All device pins at 0 volts except pin under test a[ 0. VIN = 5.5 volts. 

Q5 OV L VOUT ~ +5.5V. 

© During power up, CE and W E must be at V IFI for minimum of 2 ms after VCC reaches 

4.5V, before a valid memory cycle can be accomplished. 

Q7 Effective capacitance calculated from the 
At 

equation C I 
~. V 

with DV equal to 3V and 

VCC nominal. 

o°c td+~o°c ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS OO 

CAPACITANCEO 



µPD4104 

AC CHARACTERISTICS 02 07 

STANDBY 
CHARACTERISTICS 

TIMIfVG WAVEFORMS 

Ty = 0° C to +70° C, VCC = +5 V t 10% O1

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS 

4104 41041 41042 

MIN MAX MIN MAX MIN MAX 

Read or Write Cycle Time tC 450 385 310 ns 

Random Access tqC 300 250 200 ns 

Chip Enable Pulse Width tCE 300 10,000 250 10,000 200 10,000 ns 
Chip Ena61e Precharge Time [p 150 125 100 ns 

Address Hold Tlme tqH 765 135 710 nz 

Address Set-Up Time tqS 0 0 0 ns 

Output Butter Turn-Off Delay tOFF 0 75 0 65 0 50 ns 09 
Read Command Set-Up Time tqg 0 0 0 ns 0 
Write Enable Set-Up Time ty,~g —20 —20 —20 ns 

Data Input Hold Time 
Referencetl to WE tDIH 25 25 25 ns 

Write Enabled Pulse Width ty~yy 90 75 60 ns 

Modify Time tMOD 0 10,000 0 10,000 0 10,000 ns 

WE to CE Precharge Lead Time tyypL 105 85 70 ns 

Data Input Set-Up Time tpg 0 0 0 ns 

Write Enable Hold Time tyyH 225 185 150 ns 

Transition Time tT 5 50 5 50 5 50 ns 
Read-Modify-Write Cycle Time tgN7YJ Sfi5 470 380 ns 10 

Note U All voltages referenced to VSS 

C~ During power up, CE and W E must be at VIH for minimum of 2 ms after VCC reaches 4.5V, before a valid 
emory cycle can be accomplished. 

C~ Measured with loatl circuit equivalent to 2 TTL loads and CL = 100 pF. 

C~ 11 WE follows CE ny more than tWS then data out may not remain open circuited. 

© Determined by user. Total cycle time cannot exceed tCE max. 

C Data-in set-up time is referencetl to the later of the two falling clock edges CE or WE. 

Q7 qC measurements assume t7 = 5 ns. Timing points are taken as VIL = 0.8V and VIH = 2.2V on the inputs 
antl VDL = 0.4V and VOH = 2.4V on the output waveform. 

® tC=tCE+tp+2tT. 

Q9 The true level of the output in the open circuit contlition will be determinetl totally by output loatl 
conditions. The output i5 guaranteed tp be open circuit within tOFF~ 

10 tRMW=tAC+tWPL+tP+ 3 tT+tMOD~ 

Ta = 0° C to +70° C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS 

4104 41041 41042 

MIN MAX MIN MAX MIN MAX 

VCC In Standby Vpp 3.0 3.0 3.0 V 

Standby Current Ipp 5.0 3.3 3.3 mA Q1

Power Supply Fall Time TF 100 100 100 µs 

Power Supply Rise Time TR 100 100 100 µs 

Chip Enable Pulse CE Width TCE 300 250 200 µs 

Chip Enable Precharge to 
Power Down Time 

Tppp 150 125 100 ns 

"I" Level CE Min Level VIH 2.2 2.2 2.2 V 

Standby Recovery Time TRC 500 500 500 µs 

Note: Q1  Maximum value for VPD minimum value (= 3 V1. 

VCCIMIN) 

POWER DOWN 

tF 

VCC 

VPD -

VIH - 
'~--tCE—~' 

CE 

VIL -

tPPD 

~ --- a 

STANDBY MODE 

SS 

S 

R 

tRC 
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READCYCLE TIMING WAVEFORMS 
(CONY.) 

CE 
VIH -

VIL -

LAS y 

VIH 
ADDRESSES VIL-

VJ€ 

DIN 

DOU7 

CE 

VALID 

r tqH—a 

tR5 -i 

LCE ~--tpy 

VIH - ~ 

VIL - L[(fJ 

VIH - 
/
////////,//////////!L/////////! /////!1 /!////////////!!///////~ VIL - 

LAC 

VOH  -

VOL - 

VIH -

VIL -

REN 

WRITE CYCLE 

 a VAL D 

~tOFF 

OPEN 

LASS 

ADDRESSES VIH-'////]~ 
VIL - L111/~ 

DIN 

CE 

iC E tp y~ 

VALID 

tWS_~ 

VIH - %~'///JL 
VIL - 

VIH -

VIL -

ADDRESSES VIH-
VIL - 

DIN 

DOUT 

r- LAH ~ 

//l//I/////////1////% i////////////%/////i 
 LWPL ~ 

~ H-x//////////////////////////////////////////////////~ 

//%///%%////////////%1%///////////, 

READ-MODIFY-WRITE CYCLE 

LRS 

VIH 
//////~VIL -

VIH -

VIL -

VOH - 

VOL - 

+-tAH—~ 

LAC 

OPEN 

~—tWPL 

VALID 

tMOD+{ 

~O~ 

VALID 

TOFF 

OPEN - 



µ PD4104 

OPERATIONAL READ CYCLE 
DESCRIPTION The selection of one of .the possible 4096 bits is made by virtue of the 12 address bits 

presented at the inputs. These are latched into the chip by the negative going edge of 

chip enable ICE1. If the write enable (~) input is held at a high level (VIH) while the 

CE input is clocked to a low level (V I L), a read operation will be performed. At the 

access time (tACI, valid data will appear at the output. Since the output is unlatched 
by a positive transition of CE, it will be in the high impedance state from the previous 
cycle until the access time. It will go to the high impedance state again at the end of the 
current cycle when CE goes high. 

The address lines may be set up for the next cycle any time after the address hold time 
has been satisfied for the current cycle. 

WRITE CYCLE 

Data to be written into a selected cell is latched into the chip by the later negative 
transition of CE or WE. If WE is brought low before CE, the cycle is an "Early Write" 
cycle, and data will be latched by CE. If CE is brought low before WE, as in a Read-
Modify-Write cycle, then data will be latched by WE. 

If the cycle is an "Early Write" cycle, the output will remain in the high impedance 
state. For aRead-Modify-Write cycle; the output will be active for the Modify and _ 
Write portions of the memory cycle until CE goes high. If WE is brought low after CE 
but before the access time, the state of the output will be undefined. The desired data 
will be written into the cell if data-in is valid on the leading edge of WE, tDIH is satisfied, 
and WE occurs prior to CE going high by at least the minimum lead time (tWPL)• 

READ-MODIFY-WRITE 

Read and Write cycles can be combined to allow reading of a selected location and then 
modifying that data within the same memory cycle. Data is read at the access time and 
modified during a period defined by the user. New data is written between WE low and 
the positive transition of CE. Data out will remain valid until the rising edge of CE. A 
minimum R-M-W cycle time can be calculated by tRMW =LAC + LMOD + tWPL + tp + 
3 tT; where tRMW is the cycle time, tAC is the access time, tMOD is the user defined 
modify time, tWpL is the WE to CE lead time, tp is the CE high time, and tT is one 
transition time. 

POWER DOWN MODE 

In power dovvn, data may be retained indefinitely by maintaining VCC at +3V. 
However, prior to VCC going below VCC minimum (~4.5V) CE must be taken high 
(VIH = 2.2V) and held for a minimum time period tppp and maintained at VIH for 
the entire standby period. After power is returned to VCC min or above, CE must be 
held high for a minimum of tRC in order that the device may operate properly. See 
power down waveforms herein. Any active cycle in progress prior to power down must 
be completed so that tCE min is not violated. 
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/~ P D4104 

Plastic 

ITEM MILLIMETERS INCHES 

~ A 21.2 MAX. 0.91 MA%. 
B 1.44 O.D55 
C 2.54 0.1 
D 0.45 0.02 
E 20.02 0.8 
f 1.2 U.O6 

G 2.5 MIN. 0.1 MIN. 
M 0.5 MIN. 0.02 MIN. 

I 4.6 MA%. 0.18 MAX. 
J 5.1 MAX. 0.2 MA%. 

K 7.62 0.3 
~ 6.7 0.26 

M 0.25 0.07 

Cerdip 

ITEM MILLIMETERS INCHES 

A 23.2 MAX. 0.91 MAX. 
8 1.44 0.055 
C 254 0.1 
D 0.45 0.02 
E 20.32 0.8 
F 1.2 O.p6 
G 2.5 MIN. 0:1 MIN. 
H 0.5 MIN. OA2 MIN. 
1 4.6 MAX. 0.18 MAX. 
! 5.1 MA%. 0.2 MAx. 
K 7.62 O.J 
L 6.7 0.26 
M 0.25 0.01 

PACKAGE OUTLINES 
µPD4104C 

µPD4104D 
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NEC Microcorrlputers,lnc. 1~EC 
~tPD2114L 
µ PD2114L•1 
µ PD2114L-2 
µ PD2114L•3 
µ PD2114L•5 

4096 BIT (1024 x 4 BITS) STATIC RANI 

DESCRIPTION The NEC µPD2114L is a 4096 bit static Random Access Memory organized as 1024 
words by 4 bits using N-channel Silicon-gate MOS technology. It uses fully DC stable 

(static) circuitry throughout, in both the array and the decoding. It therefore requires 
no clocks or refreshing to operate and simplifies system design. The data is read out 
nondestructively and has tfie same polarity as the input data. Common input/output 
pins are provided. 

The µPD2114L is designed for memory applications where high performance, low cost, 
large bit storage, and simple interfacing are important design objectives. The µPD2114L 
is placed in an 18-pin package for the highest possible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 
A separate Chip Select ICS) lead allows easy selection of an individual package when 
outputs are OR-Tied. 

FEATURES Access Time: Selection from 150-450 ns 
• Single +5 Volt Supply 

• Directly TTL Compatible —All Inputs and Outputs 
• Completely Static — No Clock or Timing Strobe Required 
• Low Operating Power —Typically 0.06 mW/Bit 
• Identical Cycle and Access Times 
• Common Data Input and Output using Three-State Output 
• High Density 18-pin Plastic and Ceramic Packages 
• Replacement for 2114E and Equivalent Devices 

PIN CONFIGURATION ACC 

A~ 

Ag 

Ag 

IiOt 

I/O2 

I/03 

I/a4 

WE 

Rev/1 

PIN NAMES 

AO A9 Address Inputs 

WE Write Enable 

CS Chip Select 

I/07-I/Dq Data Input/Output 

VCC Power (+5V1 

GND Ground 
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µ PD2114L 
A3 O 

A^O 
AS 

A6 
O 

At O 

Aa 16  

Oz 

~~0~ 

ir0~ 

,~ 

l' v 

CS 
O 

WE O• 

,~ 

,~ 

ROw 
SELECTOR 

,~ 

,~ 

INPUT 
DATA 

CONTROL 

MEMORY ARRAv 

fiC ROWS 
6G COLUMNS 

SENSE SWITCH 

O vCC 

 O9 Gv0 

COLUMN SELECTOR 

J V O O 
AO ~ A7 A9 

•O 

-0~ 

BLOCK DIAGRAM 

Operating Temperature   -10°C to+80°C ABSOLUTE MAXIMUM 
Storage Temperature   -65°C to+150°C RATINGS* 

Voltage on any Pin   -0.5 to 7 Volts 1 

Note: Qt  With respect to ground. 
COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

"Ta = 25° C 

Ta = 0°C to 70°C; VCC = +5V « 10%unless otherwise noted. 

PARAMETER ,SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TYP MAX 

Input Load Current 
(All Input Pins) 

I LI 10 yA VIN = 0 to 5.5V 

I/O Leakage 
Current 

I LO t0 yA CS = 2V, V = 0.4V to V 1/O CC 

Curtensupply ICC7 65 mA VIN = 5.5V, II/O = 0 mA, 

T = 25°C a 

Cu  ffensupply ICC2 70 mA VIN = 5.5V, I I/O = 0 mA, 

T = 0° C a 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH 2.0 6.0 V 

Output Low Current IOL 3.2 mA VOL = 0.4V 

Output High 
Current 

I
OH -t 0 mA VOH = 2.4V, VCC = 4.75V 

VOH = 2.2V. VCC = 4.5V 

DC CHARACTERISTICS 

Ta = 25`C; f = 1.0 MHz CAPACITANCE 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input/Output Capacitance Cl/O 8 pf V I/p = OV 

Input Capacitance CIN 5 pf VIN = OV 
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N.PD2114L 

AC CHARACTERISTICS Ta =o°clP .7o°c:vcc=sv 10i,uni<ssn:ne, w„ennted 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS 
2114E 2114L~1 2114E 2 2114E-3 2174L~5 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE 

Read Cyclt Time tRC 450 300 250 200 150 ass tT = tr = tl = 10 ass 

CL = 100 pF 

load = 1 TTL Sare 

InPu[ Lev<Is = 0.8 

antl 2-OV 

Vrel = 1.SV 

Access Time tq 450 300 250 200 150 ass 

Chip Selection 

tO Output Valid tC0 120 100 80 70 60 ass 

Cnip $election 

to Output Active 
tCX 20 20 20 20 20 ass 

Output 3State 

from Desslection 
tOTD 100 80 70 60 50 ass 

Output Hold from 

Atltlress Change 
COMA 50 50 50 50 50 ass 

WRITE CYCLE 

Write Cycle Time tWC 450 300 250 200 150 ass tT = [r = [f = 10 ass 

CL = 100 pF 

Load = 1 TTL gate 

1̂ Put Levels = 0.8 

antl 2-OV 

Vr<(= 1.SV 

Write Time tW 200 150 120 120 80 ass 

Write Release 

Time 
tyrq 0 0 0 0 0 ass 

Output 1-State 

from Write 
tOTW 100 80 70 60 50 

n1

Data m Wrne 

Time Overlap 
tpyy 200 150 120 120 80 ass 

Data HOId from 

Waste Time tDH 0 0 0 0 0 ass 

Atltlress to Write 

Setup Time 
tgyy 0 0 0 0 0 ass 

TIMING WAVEFORMS READ CYCLED 
 tRC 

A 

ADDRESS 

Ds \\\~\\\\\\l\~\l`~

DOUT 

tC0 

tCX 

///~'////////I
 tOTD —

tOHA ~-► 

ADDRESS 

WE 

tAW 

DOUT 

DIN 

WRITE CYCLE 
 1wc 

H 

tOTW 

1WR 

~ -tDW tDH 

~~' Y =~

Notes: C  WE is high for Read Cycle 

Q tyy is measured from the latter of CS or WE going low to 

the earlier of CS or WE going high. 
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µ PD2114L 
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SUPPLY VOLTAGE 
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OUTPUT SINK CURRENT VS. 
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TYPICAL OPERATING 
CHARACTERISTICS 

NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 
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U 
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~ 1.1 
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0 
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µRD2114L 

PACKAGE OUTLINES 
µPD2114LC 

µPD2114LD 

(PLASTIC) 

A 

ITEM MILLIMETERS INCHES 

A 23.2 MAX. 0.91 MAX. 
8 1.44 0.055 
C 2.54 0.1 

D OAS 0.02 
E 20.32 0.8 
F 1.2 0.06 

G 2.5 MIN. 0.7 MIN. 
H 0.5 MIN. 0.02 MIN. 
1 4.6 MAX. 0.18 MAX. 
J 5.1 MAX. 0.2 MAX. 
K 7.62 0.3 
l 6.7 0.26 
M 0.25 0.01 

A 

~.i c T-- -
 E 

(CERDIP) 

ITEM MILLIMETERS INCHES 

A 23.2 MAX. 0.91 MAX. 
8 1.44 0.055 
C 2.54 0.7 
D O A5 0.02 
E 20.32 0.8 
F 1.2 0.06 
G 2.5 MIN. 0.1 MIN. 
H 0.5 MIN. 0.02 MIN. 
I 4.6 MAX. 0.18 MAX. 
J 5.1 MAX. 0.2 MAX. 
K 7.62 0.3 
L 6.7 016 
M 0.25 0.01 

21iaLosi2-aacAi 
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NEC Microcomputers, Inc. 

4096 x 1 BIT STATIC RAM' 

~v~c 
N. PD2147-2 
ft PD2147-3 
fc PD2147-5 

The µPD2147 is a 4096-bit static Random Access Memory organized as 4096 words by 
1-bit. Using a scaled NMOS technology, it incorporates an innovative design approach 
which provides the ease-of-use features associated with non-clocked static memories 
and the reduced standby power dissipation associated with clocked static memories. 
The result is low standby power dissipation without the need for clocks, address setup 
and hold times. In addition, data rates are not reduced due to cycle times that are 
longer than access times. 

CS controls the power down feature. In less than a cycle time after CS goes high —
deselecting the µPD2147 —the part automatically reduces its power reyuiremer~ts and 
remains in this lower power standby mode as long as CS remains high. This device 
feature results in system power savings as great as 85% in larger systems, where the 
majority of devices are deselected. 

The µPD2147 is placed in an 18-pin ceramic package configured with the industry 
standard pinout. It is directly TTL compatible in all respects: inputs, outputs, and a 
single +5V supply. The data is read out non-destructively and has the same polarity 
as the input data. A data input and a separate three-state output are used. 

FEATURES • Scaled NMOS Technology 
• Completely Static Memory — No Clock or Timing Strobe Required 
• Equal Access and Cycle Times 
• Single+5V Supply 
• Automatic Power-Down 
• High Density 18-Pin Package 
• Directly TTL Compatible —All Inputs and Outputs 
• Separate Data Input and Output 
• Three-State Output 
• Available in a Standard 18-Pin Ceramic Package 
• 2 Performance Ranges: 

PIN CONFIGURATION 

MAX 
ACCESS TIME 

SUPPLY CURRENT 

ACTIVE STANDBY 

µPD2147-2 70 ns 160 mA 20 mA 

µPD21473 55 ns 160 mA 20 mA 

µPD2147-5 45 ns 160 mA 20 mA 

4 µPD 15 

5 2147 t a 

PIN NAMES 

Ap-A11 Address Inputs 

WE Write Enable 

CS Chip Select 

DAN Data Input 

DOU7 Data Output 

VCC Power (+5V) 

GND Ground 

TRUTH TABLE 

CS WE MODE OUTPUT POWER I 

H X Not Selected High Z Standby 

L L Write High Z Active 

L H Reaci DOUT Active 
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ft PD2147 

Operating Temperature   -10°C to +g5°C 
Storage Temperature   - 65°C to +150°C 
Voltage on Any Pin   - 3.5V to +7 Volts 

DC Output Current   20 mA 
Power Dissipation   1.2 W 

Note: 01  with respect to ground 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

"Ta = 25°C 

Ta = 0°C to +70`Ct VCC = +5V ± 10%, unless otherwise noted. 0 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TYP© MAX 

Input Load 
Current (All 
Input Pins) 

ILI 0.01 10 µA VCC =Max, VIN =GND to 

VCC 

Output Leakage 
Current 

I ILO' 0.01 10 µA CS =VIH, VCC =Max, 

VOUT = GND to VCC 

Operating Current ICC 
120 150 mA Ta = 25°C VCC =Max, 

CS=VIL 
Outputs Open 160 mA Tg =O° C 

Standby Current Igg 12 20 mA VCC =Min to Max, 

CS=VIH 

Peak Power-On 
Current 

Ip0 ~ 25 50 mA VCC = GND to VCC =Min, 

CS =Lower of VCC or 
VIHMin 

Input Low 
Voltage 

VIL -3.0 0.8 V 

Input High 
Voltage 

VIH 2.0 6.0 V 

Output Low 
Voltage 

VpL 0,4 V IOL = 8 mA 

Output High 
Voltage 

VOH 2.4 V IOF{ _ -4.0 mA 

Output Short 
Circuit Current 

IOg -150 +150 mA VOUT = GND to VCC 

Notes: t'!  The operating ambient temperature range i guaranteetl with transverse air Ilow ezceetling 400 linear feet per 
nuts. 

8 Typical Ilmita are VCC - 5V, Ta - a25°C, and specified loading. 
ICC exceeds 188 maximum during power on. A pulluD r.risfor so VCC on the CS input Is required to keep the 
tlevi[e tleselected: otharwife, poweron Currant aDDroachM ICC a<tiM. 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS' 

DC CHARACTERISTICS 
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frtPD2147 

CAPACITANCE Ta = 25°C; f = 1.0 MHz 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN ITVP MAX 

Input Capacitance CIN $ PF VIN - °V 

Output Capacitance CGUT 6 pF VOUT = OV 

Note: This parameter is ampled and not 1Q0%tested. 

AC TEST CONDITIONS Input Pulse Levels   Gnd to 3.0 Volts 
Input Rise and Fall Times 5 ns 
Input and Output Timing Reference Levels   1.5 Volts 
Output Load   See Figure 1 

AC CHARACTERISTICS 
READ CYCLE 

T, = 0'C to a70° C: Vcc = +5V ± 10%unless otherwise noted. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS 

yPD2147-5 pPD2147-3 pPD2147-2 

MIN MAX MIN MAX MIN MAX 

Read Cycle Time tqC ~ 45 55 70 ns 

Address Access Time iqq 45 55 70 ns 

Chip Select 
Access Time 

tgOSi 45 55 70 ns 

Chip Select 
Access Time 

tgOg2 45 55 70 ns 

Output Hold From 
Address Change 

tOH 5 5 5 na 

Chip Select to 
Output in Low Z 

tCZ © 10 10 10 ns 03 

Chip Deselection to 
Output in High Z 

tHZ ® 0 3G 0 30 0 40 ns 

Chip Selection to 
Power-Up Time 

tpU 0 0 0 ns 

Chip Selection to 
Power-Down Time 

tP0 20 20 30 ns 

OOUT 

VCC 

51052 

_ 30 pF 
300,8 

 
TI

T (INCLUDING SCOPE AND JIGI 

1 

Figure 1 

Notes: O1  All Reatl Cycle timings are referenced from the last valid address to the first transi-
tioning address. 

(J At any given temperature and voltage condition, tHZ max is less than tLZ min. both 
fora given device and from device to device. 

Q3 Transition is measured 1200 mV from steady state voltage with specified loading. 

® Transition is measured at VOL +200 mV and VOH —200 mV with specified loading. 
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ft PD2147 

VCC 
SUPPLY 
CURRENL 

ADOR E55 

READ CYCLE NO. 1 5Q© 

IRC 

IOH 
AA 

DATA OUT PREVIOUS DATA VALID 

DATA OUT 

ICC 

158 

X (1 
DATA VALID 

READ CYCLE NO. 2 ~~ 

tRC 

tLZ 

IACS 

HIGH IMPEDANCE 

h►--tPU—~ 

.ttHZy. 

X !1 ~~ DATA VALID 
H I'GH 

IMPEDANCE 

~rPD~ 

50 50 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS 

µPD2147.5 µPD21473 µPD2147.2 

MIN MAX MIN MAX MIN MAX 

Write Cycle TimeO tWC 45 55 70 ns 

Chip Select tp 
End of Write 

tCW 45 45 55 ns 

Atltlress Valid to 
Entl of Write 

tqW 45 45 55 ns 

Address Setup Time tqg 0 0 0 ns 

Write Pulse Width tyyp 25 25 40 ns 

Write Recovery Time tyyR 0 10 15 ns 

Data Valid to 
End of Write 

tr~y~ 25 25 30 ns 

Data Hold Time tDH 10 10 10 ns 

Write Enabled to 
Output with Z 

tyy'Z 0 25 0 25 0 35 ns 03 

Output Attive From 
End of Write 

tOW 0 0 0 ns 

Notes: Q All Read Cycle timings are referenced from the last valid address to the first transi-
tioning address. 

Q At any given temperature and voltage condition, tHZ max is Tess than tLZ min. both 
for a given device and from device to device. 

O Transition is measured x200 mV from steady state voltage with specified loading. 

0 Transition is measured at VOL +200 mV antl VOF{ -200 mV with specified loading, 

05 WE is hign for Read Cycles. 

© Device is continuously selectetl,~$=VIL. 

07 Addresses valid prior to or coincident with transition low. 

TIMING WAVEFORMS 
READ CYCLE 

AC CHARACTERISTICS 
WRITE CYCLE 



ttPD2147 

TIMING WAVEFORMS 
NJRITE CYCLE 

WRITE CYCLE NO. 1 (WE CONTROLLED) ~5 

twc 

ADDRESS 

cs 0t   

WE 

DATA IN 

DATA OUT 

AS 

t w 

CW 

fl/Il///

'~--tWP-~~tWR-~ 

tDW 

`~ -t W2 

DATA UNDEFINED 

ADDRESS 

tDH 

t-tOW-

HIGHIMPEDANCE 

WRITE CYCLE NO. 21CS CONTROLLED) 

twc 

tAS 

CS  

tCW 

tqW 

WE  \ \ \ \ \ \ \ \ \ \?-

DATA IN 

DATA OUT 

tyyp 

tDW 

~rtWga 

t////Ill 
tDH>• 

`~—LWZ 

DATA UNDEFINED 
HIGH IMPEDANCE 

Notes: O If CS goes high simultaneously with WE high, the output remains in a high impedance 
srete. 

02  All Write Cycle timings are referenced from the last valid address to the firs[ 
transitioning address. 

03 Transition is measured at Vp~+200 mV and VDH —200 mV with specified loading. 

S Transition is measured x2D0 mW from steady scare voltage with spacifi~ loading. 
5 CS or WE mus[ 6e high during address transitions. 
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µPD2147 

Ceramic 

ITEM MILLIMETERS INCHES 

A 23.2 MAX. 0.91 MAX. 
B 1.44 0.055 
C 2.54 0.1 
D 0.45 0.02 
E 20.32 0.6 
F 1.2 0.06 
G 2.5 MIN. 0.1 MIN. 
N 0.5 MIN. 0.02 MIN. 
1 0.6 MAX. 0.18 MAX. 
J 5.1 MAX. 0.2 MAX. 
K 7.62 0.3 
L 6.7 0.26 
M 0.25 0.07 

PACKAGE OUTLINE 
µPD2147D 
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NEC Microcomputers, Inc. 

~° 

4096 (1024x4) BIT STATIC RAM 

NBC 
µ PD2149 
µ PD2149-1 
µ PD2149-2 

~i~_ ~n,~~~~ 

DESCRIPTION The µPD2149 is a 4096-bit static Random Access Memory organized as 1024 words 
by 4-bits. Using a scaled NMOS technology, it incorporates an innovative design 
approach which provides the ease-of-use features associated with non-clocked static 
memories. 

The µPD2149 is encapsulated in an 18-pin ceramic package configured with the 

industry standard pinout. It is directly TTL compatible in al l respects: inputs, out-
puts, and a single +5V supply. The data is read out non-destructively and has the 
same polarity as the input data. 

FEATURES Completely Static Memory — No Clock or Timing Strobe Required 
• Equal Access and Cycle Times, Faster Chip Select Access 

• Single +5V Supply 

• High Density 18-Pin Package 

• Directly TTL Compatible —All Inputs and Outputs 
• Common Input and Output 
• Three-State Output 

• Access Time: 35-55 ns MAX (From Address) 
15-25 ns MAX (From Chip Select) 

• Power Dissipation: 180 mA MAX 

A6 

A5 

Aq 

A3 

Ap 

Al 

A2 

CS 

GND 

18 

17 

16 

15 

µPD to 
2149 

VCC 

A7 

Ag 

Ag 

vo, 

I/02 

I/03 

1/Oq 

WE 

PIN NAMES 

Ap-Ag Address Inputs 

WE Write Enable 

CS Chip Select 

I/07-I/Oq Data Input/Output 

VCC Power (+5V) 

GND Ground 

TRUTH TABLE 

CS WE MODE I/O 

H X Not Selected High Z 

L L Write DIN 
L H Read DOUT 
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ft PD2149 

CAPACITANCE Ta = 25°~ 

AC TEST CONDITIONS 

AC CHARACTERISTICS 
READ CYCLE 

= 1.0 MHz 0 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TYP MAX 

Input Capacitance CIN 5 pF VIN=OV 

Output Capacitance COUT 7 PF VOUT = OV 

Note: O1  This parameter is sampled and not 100% tested. 

Input Pulse Levels   Gnd to 3.OV 

Input Rise and Fall Times   5 ns 

Input and Output Timing Reference Levels 1  5V 

Output Load   See Figure 1 

Ta = 0°C to +70°C; VCC = +5V ± 10%, unless otherwise noted. 

PARAMETER SYMBOL 

2149-2 2149-1 2149 

UNIT 
TEST 

CONDITIONS MIN MAX MIN MAX MIN (MAX 

+ Read Cycle Time TRC 35 45 55 ns 

Access Time Tq 35 45 55 ns 

Chip Selection 

to Output Valid 
TCO 15 20 25 ns 

Chip Selection 

to Output Active TCX 0 0 0 ns 

Output 3-State 

From Deselection TOTD 10 15 20 ns 02

Output Hold From 
Address Change TOH 0 0 0 ns 

DOUT 

33012 

VCC 

51012 

30 pF 

T (INCLUDING 

I
j SCOPE AND 

JIG) 

Figure 1 

DOUT 

+5V 

510 SZ 

Figure 2 

30 pF 

(INCLUDING 
SCOPE AND 
JIG( 

Notes: 0 WE is high for read cycle. 

G Transition is measured ±500 MV from steady state with load of Figure 2. This parameter 

is sampled and not 100% tested. 
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ft PD2149 

CS 

WE 

Aq 

ROW 
SELECT 

Ag 

Ag 

• 

INPUT 
DATA 

CONTROL 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

• • • 

COLUMN I/O CIRCUITS 

BLOCK DIAGRAM 

VCC 

GND 

COLUMN SELECT 

AO A AZ A3 

 1 I 

Operating Temperature   - 10°C to+85°C ABSOLUTE MAXIMUM 
Storage Temperature   -65°C to +150°C RATINGS* 
Voltage on Any Pin   - 0.5V to +7V ~1
DC Output Current   20 mA 
Power Dissipation 

Note: ~1  with respect to ground 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

Ta = 0'C to +70°C; VCC = +5V ~ 10%, unless otherwise noted. 

1  2W 

` PARAMETER SYMBOL ~ MIN MAX UNIT TEST CONDITIONS 

Input Leakage Current ILI -10 +10 µA VIN = GND to VCC 

Ouput Leakage Current ILO -50 +50 µq 
CS =VIH 
VOUT = GND to 4.5V 

Power Supply Current ICC 180 MA VIN = VCG I/O =open 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH 2.0 VCC V 

Output Low Voltage VOL 0.4 V IpL = 8 MA 

Output High Voltage VOH 2.4 V IOH =-4 MA 

Output Short Circuit 
Current 

IOS TBD TBD MA VOUT = GND to VCC 

Note: The operating temperature range is guaranteed with transverse air flow exceed-
ing 400 feet per minute. 

DC CHARACTERISTICS 
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ftPD2149 

Ta = 0°C to +70°C; VCC = +5V ~ 10%, unless otherwise noted. 

PARAMETER SVMBOI. 

2149-2 2149-1 2149 

UNIT 
TEST 

CONDITIONS MIN MAX MIN IMAX MIN IMAX 

Write Cycle Time TWC 35 45 55 ns 

W rite Time TW 30 40 50 ns Q1

Write Release 
Time 

TWR 5 5 5 ns 

Data to Write TpW 20 25 30 ns 

Output 3-State 
From Write TOTW 10 15 20 ns Q2

Data Hold From 
Write Time TDH 5 5 5 ns 

Address to Write 
Setup Time 

TqW 0 0 0 ns 

DOUT 

330St I
+5V 

51052 

5 pF 

Figure 3 

Notes: Q TW is measured from the latter of CS or W E going low to the earlier of CS or W E going 
high. 

Transition is measured +500 MV from steady state with load of Figure 3. This param-
eter is sampled and not 100% tested. 

03 WE or CS must be high during all address transitions. 

ADDRESS 

READ CYCLE Q Q2 

TA 

TRC 

CS 
\ 1\ \\ \\ 1 

ROUT 

~ TCO—
s—TCx--► 

/ / / / / / / / / / 

— TOTD 

TOH t 

~~

AC CHARACTERISTICS 
WRITE CYCLE 

TIMING WAVEFORMS 
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~PD2149 

WRITE CYCLE Q2 

rwc  ► 

ADDRESS 

TWR È-

~S \\~,\\\\\ llllllllll 
WE \~\\ //// 

TAW ~-_ e TW 

TOTW ~--

DOUT 

DIN 

TDW ~ TDH f 

Notes: O1  WE is high for read cycle. 

Q WE or CS must be high during all address transitions. 

PACKAGE OUTLINE f A 
µPD2149D 

E 

Ceramic 

p - 15°

ITEM MILLIMETERS INCHES 

A 23.2 MAX. 0.91 MAX. 
8 1.44 0.055 
C 2.54 0.1 

D 0.45 0.02 
E 20.32 0.6 
F 1.2 0.06 

G 2.5 MIN. 0.1 MIN. 
H 0.5 MIN. 0.02 MIN. 

I 4.6 MAX. 0.18 MA%. 
J 5.1 MAX. 0.2 MAX. 
K 7.62 0.3 
L 6.7 0.26 

M 0.25 0.01 

2149DS-12-80-CAT 
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NEC Microcomputers, Inc. 

8K BIT STATIC RAM 

1~~C 
µ PD421 
µ PD421-1 
µ PD421-2 
µ PD421-3 
µ PD421-5 

DESCRIPTION The NECµPD421 is a very high speed 8192 bit static Random Access Memory organ-
ized as 1024 words by 8 bits. Features include a power down mode controlled by the 
chip select input for an 80% power saving. 

FEATURES • 1024x8-bit Organization 
• Very Fast Access Time: 150/200/250/300/450 ns 
• Single +5V Power Supply 
• Low Power Standby Mode 
• N-Channel Silicon Gate Process 
• Fully TTL Compatible 
• 6-Device Static Cell 
• Three State Common I/O 
• Compatible with 8108 and Equivalent Devices 
• Available in 22 Pin Ceramic Dual-in-Line Package 

PIN CONFIGURATION 

A 

A 

A3

A 

Al

Ap

1/01
I/02

I/03

GND 

z2 

>> 

20 

19 

µPD 18 
421 17 

16 

15 

14 

13 

12 

cc 
A~ 

A 

CS 

WE 

I /O8

I/O~ 

I/O6

I /05

uo4

PIN NAMES 
Ap-Ag Address Inputs 
WE Write Enable 
CS Chip Select 
1/01-I/Og Data Input Output 

VCC Power (+5V) 
GND Ground 
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BLOCK DIAGRAM 
'43 

A4

A~ 

A8

A„ 

I/01

I/p2

1103

I /04

1105

I /06

I/O~ 

I l08

 I.~~-_. 
K 

 tom--- R O W 
'6 SELECT 

~~ 

 
f~

--~ 
Irr~̀ _6---

 1~6---~ 

 R
~ 

t~6---

INPUT 
DATA 
CONTROL 

MEMORY ARRAY 
128 ROWS 
64 COLUMNS 

SENSE SWITCH 

COLUMN SELECT 

AO A t A2

CS ♦ Q~ 

WE 
•  

Operating Temperature   0°C to+70°C ABSOLUTE MAXIMUM 
Storage Temperature   -65°C to+150°C RATINGS* 
Voltage on Any Pin   -0.5 to +7 Volts 0 

Note: ~1  With respect to ground. 

COMMENT: Stress above those listed under '"Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

'Ta = 25°C 

Ta = 0°C to +70° C: V CC = +5V ± 10%, unless otherwise specified 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN TVP MAX 

Input Load 
Cur ent 
(Allr inputs Pins) 

ILI 10 µA VIN=Oto +S.SV 

I/O Leakage 
Current 

ILp 50 µA 

Operating 
Current 

ICC 120 mA VCC =Max; 
CS =VIL 
Outputs Open 

Stand-by 
Cwrent 

ISg i 20 mA VCC =Min. [o Max. 

CS=VIH 
Input Low 
Voltage 

VIL -0.3 0.8 V 

Input High 
Voltage 

VIH 2.0 6.0 V 

Output Low 
Voltage 

VOL 04 V IOL =4.0 mA 

Output High 
Voltage 

VOH 2.4 V IOH = -1 mA 

DC CHARACTERISTICS 
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µ;PD421 
CAPACITANCE Ta = 25°C; f = 1.0 MHz 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN MAX 

Input/Output 
Capacitance 

Cl/O 7 pF V ~/p = OV 

Input Capitance CIN 5 pF VIN = OV 

AC CHARACTERISTICS 

Ta = 0°C to +70°C; VCC = +5V ~ 10%, unless otherwise specified 

PARAMETER SYMBOL 

LIMITS 

UNIT µPD421 µPD421-1 µPD421-2 µPD421-3 µPD421-5 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE 

Read Cycle Time tRC 450 300 250 200 150 ns 

Address Access Time tqq 450 300 250 200 150 ns 

Chip Select Access Time tACS 450 300 250 200 150 ns 

Output Hold from Address 
Change 

tOH 10 10 10 10 10 ns 

Chip Selection To Output 
in Low Z 

tLZ 10 10 10 10 10 ns 

Chip Deselection to 

Output in High Z 
iHZ 0 100 0 80 0 70 0 60 0 50 ns 

Chip Selection to Power 
Up Time 

tpU 0 0 0 0 0 ns 

Chip Deselection to Power 
Down Time 

tpp~ 100 80 70 60 50 ns 

WRITE CYCLE 

Write Cycle Time tY,~C 450 300 250 200 150 ns 

Chip Selection to End of 

Write 
tCW 360 240 200 160 130 ns 

Address Valid to End of 

Write 
tgyY 360 240 200 160 130 ns 

Address Setup Time tqS 10 10 10 10 10 ns 

Write Pulse Width tyyp 300 230 190 160 130 ns 

Write Recovery Time tyfR 10 10 10 10 10 ns 

Data Valid to End of Write tpyY 200 150 120 100 80 ns 

Data Hold Time tDH 10 10 10 10 10 ns 

Write Enabled to Output in 

High Z 
tWZ 100 80 70 60 50 ns 

Output Active from End of 

Write 

tOYy 10 10 10 10 10 ns 

Note: Q1  ICC h = tpp) = 1 /2 ICC Active. 
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~t PD421 

CS 

DOUT 

ADDRESS 

s 

READ CYCLE 

tRC  a 

tOH 
tAA 

DOUT PREVIOUS DATA VALID 

tRC 

ICC 
VCC SUPPLY 

CURRENT  

ACS 

DATA VALID 

E—tH2—~ 
F — ' LZ —~ 
HIGH 
IMPEDANCE -~/~;\~R~)(\~~ 

t— tPD 

ADDRESS 

WE 

DIN 

ROUT 

M 

WRITE CYCLE 

`wc 

tCW 

~~ ASS 

~~~

'~'--~
tWZ 

1VJP 

tDW 

W 

r — tOW—+ 
D I-L 

ITEM MILIIMETE RE INCHES 

A 2T./3 Mu. 1.019 Mar. 

B 1.21 Mu. 0.05 Mu. 
C 2.Sax Ql QIO 
D OA2 t 0.1 0.016 
E 26A x 0.3 1.0 
F 1.5 k 0.2 Q05B 

G 45 x 0.3 0.138 
N ].1 x 43 Q 165 
1 1,2 Mu. 0.185 Mu. 
J 5.0E Mu. 4200 Maa. 
K 10.16 t 0.15 O.~CO 

L 9.1 x 42 0.358 

M 0.25 1 0.06 O.OW 

TIMING WAVEFORMS 

PACKAGE OUTLINE 
µPD421D 

a2 i os-s-sacar 



NEC Microcomputers, Inc. 

16,384 z 1 BIT STATIC MOS 
RANDOM ACCESS MEMORY 

NBC 
pp f,tPD2167 

JL ~u_ 11UU _ llU~lllJ~ 

DESCRIPTION The NECµPD2167 is a 16,384 words by 1 bit Static MOS RAM. Fabricated with 
NEC's NMOS technology, it offers the user single power supply operation and fast 
access times in a standard 20 pin dual-in-line package. Its use of automatic power 
down circuitry minimizes system operating power requirements. Fully static cir-

cuitry throughout means the cycle time and access time are equal. 

FEATURES • 16,384 x 1 Organization 
• Fully Static Memory — No Clock or Timing Strobe Required 
• Equal Access and Cycle Times 
• Single +5V Supply 
• Automatic Power Down 
• Directly TTL Compatible —All Inputs and Outputs 
• Separate Data Input and Output 
• Three-State Output 
• Access Time: 55 ns Max. 
• Power Dissipation: 160 mA Max. (Active) 

20 mA Max. (Standby) 
• Available in a Standard 20 Pin Dual-in-line Package 

PIN CONFIGURATION 
20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

PIN NAMES 

AO — A13 Address Inputs 

WE Write Enable 

CS Chip Select 

DIN Datalnput 

ROUT Data Output 

VCC Power (+5V) 

VSS Ground 

TRUTH TABLE 

CS WE MODE OUTPUT POWER 

H X Not Selected High Z Standhy 

L L Write High Z Active 

L H Pead DOUT Active 

2167DS12-80-CAT 
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NEC Microcomputers, Inc. 

1024 BIT (256x4) STATIC CMOS RAM 

NEC 
µ PD5101 L 
µ PD5101 L-1 

DESCRIPTION The µPD5101 L and µP05101 L-1 are very low power 1024 bit (256 words by 4 bits) 
static CMOS Random Access Memories. They meet the low power requirements of 
battery operated systems and can be used to ensure non-volatility of data in systems 
using battery backup power. 

All inputs and outputs of the µPD5101 L and µPD5101 L-1 are TTL compatible. Two 
chip enables {CE1, CE2) are provided, with the devices being selected when CE1 is 
low and CE2 is high. The devices can be placed in starldby mode, drawing 10µA 
maximum, by driving CE1 high and inhibiting all address and control line transitions. 
The standby mode can also be selected unconditionally by driving CE2 low. 

The µPD5101 L and µPD5101 L-1 have separate input and output lines. They can be 
used in common I/O bus systems through the use of the OD (Output Disable) pin 
and OR-tying the input/output pins. Output data is the same polarity as input data 
and is nondestructively read out. Read mode is selected by placing a high on the 
RNV pin. Either device is guaranteed to retain data with the power supply voltage as 
low as 2.0 volts. Normal operation requires a single +5 volt supply. 

The µPD5101L and µPD5101L-1 are fabricated using NEC's silicon gate comple-
mentary MOS (CMOS) Process. 

FEATURES Directly TTL Compatible —All Inputs and Outputs 

• Three-State Output 

• Access Time — 650 ns (µPD5101 L1; 450 ns (µPD5101 L-1) 

• Single +5V Power Supply 

• CE2 Controls Unconditional Standby Mode 
• Available in a 22-pin Dual-in-Line Package 

PIN CONFIGURATION 
A3 C VCC '~~ 
A2 [ 2 21 Aq

Ai [ 3 20 R/W 

AO [ q 19 CE1 

A5 [ 5 18 OD 

A5 
C 5 

µPD 
5101E 17

CE2 

A7 [ 7 16 DOq

GND [ 8 15 Dlq

DI1 [ s 1a D03

D01 [ 10 13 DI3

0l2 [ 11 1z D02

PIN NAMES 

D11 — Dlq Data Input 

AO — A~ Address Inputs 

R/W ReadM/rite Input 

CE 7, CE2 Chip Enable= 

OD Output Dizable 

DOt — DOq Data Output 

VCC Power (+5V1 
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µPD5101 L 

m 

aow 

`~z A~~A.

~s 

°a~~ :~ ° 

°~~~ 
oeco°rx 

s cowre 5 
--II BLEI B°FiFF 

  obi 

~, 

VI °°~ 

• ~ ~, 

BLOCK DIAGRAM 

Operating Temperature   0°C to+70°C ABSOLUTE MAXIMUM 
Storage Temperature   -40°C to+125°C RATINGS* 
Voltage On Any Pin With Respect to Ground  -0.3 Volts to VCC +0.3 Volts 
Power Supply Voltage   -0.3 to +7.0 Volts 
COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 
•Ta = 25°C 

Ta = 0°C to 70°C; VCC =+5V ± 5%, unless otherwise specified. 

PARAMETER SYMBOL 

LIMITS 

UNIT TESTCONDITIONS MIN TYPO MAX 

Input High Leakage ILIH ~ ~ µA VIN = VCC 

Input Low Leakage ILIL~ -1 µA VIN =0V 

Output High Leakage ILOHC~ 1 µA CEt = 2.2V, VOUT =VCC 

Output Low Leakage ILOL~ - t µA CEt =2.2V,VOUT=O.OV 

Operating Current ICCt 22 mA VIN =VCC ExceptC€t 

<0.65V, Outputs Open 

Operating Current ICC2 27 mA 
VIN = 2.2V Except C€t 

50.65V, Outputs Open 

Standby Current ICCL U 10 µq VIN = 0 to 5.25V 

CE2 s 0.2V 

Input Low Voltage VIL -0.3 0.65 V 

Input High Voltage VIH 2.2 VCC V 

Output Low Voltage VOL 0.4 V IOL = 2.0 mA 

Output High Voltage VOHt 2.4 V IOH =-7.0 mA 

Output High Voltage VOH2 3.5 V IOH =-100µA 

Notes: O -Typical values at Ta = 25°C and nominal supply voltage. 

!~ Current through all inputs and outputs included in ICCL-

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Input Capacitance 

(All Input Pins) 
CIN 4 8 pF VIN - OV 

Output 

Capacitance 

CUT 8 12 pF VOUT - OV 

DC CHARACTERISTICS 

CAPACITANCE 



AC CHARACTERISTICS READ CYCLE 

Ta = 0` C to 70`C; VCC = SV ~5%, unless och erwise specified 

fc PD5101 L 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS 5101E 5101L~1 

MIN TVP MAX MIN TVP MAX 

Reatl Cycle tqp 650 450 ns tnput pulse amplitude: 
0.65 to 2,2 Volts 

Input rise and fall 
timer 20 ns 

Timing measurement 
ref ¢rent¢ level: 

1,5 Volt 

Output load: ITTL 

Gale and CL = 100 pF 

Access Time to 650 450 ns 

Chip Enable ICED 

to Output 
rcpt 600 400 ns 

Chit/ Enable ICE21 
to Output 

1pp2 700 500 ns 

Output Disable to 
Output 

tpp 350 250 ns 

Data Output to 
High Z State 

tpF 0 150 0 130 ns 

Previous Read Data 

Valid wi[h Respect 
to Address Change 

tOH1 0 0 ns 

Previous Read Data 

Valid with Respect 

to Chip Enable 

tpH2 0 0 ns 

WRITE CYCLE 

Ta = 0'C to 70"C; VCC = 5V r.5°~, unless otherwise specified 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS 5101E 5101 L-1 

MIN TVP MAX MIN TVP MAX 

Write Cycle tWC 650 450 n5 Input pulse amplitude: 
0.65 to 2,2 Vohs 

Input rise and fall 
times: 20 ns 

Timing measurement 
reference level: 

1,5 Volt 

Output load: ITTL 

Gate and CL = 
100 pF 

Write Delay tgyy 150 130 ns 

Chip Enable ICE11 
to Write 

tpyJt 550 350 ns 

Chip Enable ICE2) 
to Write 

tpyy2 550 350 ns 

Data Setup tpyy 400 250 ns 

Data Hold tpH 100 50 ns 

Write Pulse tyyp 400 250 ns 

Write Recovery tyyR 50 50 ns 

Output Disable Setup tpS 150 130 

LOW VCC DATA RETENTION Ta = 0°C to 70'C 

CHARACTERISTICS 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TYP MAX 

VCC for Data 
Retention 

VCCDR +2.0 V CE2 6 +0.2V 

Data Retention 
Current 

ICCDR +10 NA VCCDR - +2.OV 

CE2 5 +0.2V 

Chip Deselect 
Setup Time 

tCDR 0 ns 

Chip Deselect 
Hold Time 

tR tRCOi ns 

Note: 01 tRC =Read Cycle Time 
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,u,PD5101L 
READ CYCLE 

ADDRESS 

CEt 

CEy 

OD 
2 

(COMMON I/01 O

DATA 
OUT 

tRC 

r-_tC01—„' tOHt—~ "~—

tOM2—~ 

tCO2 

 ~ .~. tODa 

to

ADDRESS 

CEO 

CEp 

OD 

(COMMON I/O1~ 

DATA 

IN _ _ 

R/W 

DATA OUT 
VALID 

„F tDF~-

_~ 

WRITE CYCLE 

— tWC 

DATA IN 
STABLE 

Notes: Q1 . Typical values are for Ta = 25°C and nominal supply voltage. 
OD may be tied low for separate I/O operation. 

3 During the write cycle, OD is "high" for common f/0 and 
"don't care" for separate I/O operation. 

SUPPLY VOLTAGE IV OBI 

C HIP ENABLE ICE 

OV 

Notes: 0 

O 

a Tsv 

V CCDR 

VIH 

0 2V 

DATA RETENTION 

TIMING WAVEFORMS 

LOW VCC DATA RETENTION 

$6 



~t PD5101 L 

1CC — uCC (Ta) 

TYPICAL OPERATING 
CHARACTERISTICS 

PACKAGE OUTLINE 
µPD5101LC 

25 

20 

15 

E 

0.6 

0.5 

0.4 

0 0.3 

' 0.2 

0.1 

700 

600 

500 

E 400
Q 

300 

200 

10 

5 

0 3

Ta = 20°C 

20°C 

E 

~ 
¢ ADO

P~ °10C 

Sa 
E 

PEp0 1t'OD 
+20°C 

+80°C 

4 5 

VCC IVI 

COL — IOL ITaI 

6 

Ta =+80°C 
~~ 

+20°C 

+20°C 

VCC' SV 

5 10 

IDL ImAI 

t o — CL 

5 

4 

O 

3 

2 

)00 

600 

500 

¢ 900 

300 

200 

15 0

Ta 25°C 

VCC SV 

T
100 100 300 

CL IpFI 

cDi 
O 1 

001 

VOH — IOR (Ta) 

VCC' 5V 

20 C 

Ta ~ +80°C 
+20°C 

2 4 6 

IDH ImA) 

t o — VCC ITaI 

8 10 

LOAD ~ ITTL + 100 pF 

Ta =+80°C 

~+

20°C 

3 4 5 
VCC IVI 

ICCDR — Ta 

6 

400 500 ~ 10 20 30 40 50 80 )0 

T, Pcl 

ITEM MIL LIMETEfl6 INCHES 

A 28.0 Max. 1.10 Mex. 

B 1.4 Maz. 0.025 Max. 
C 2.54 0.10 
D 0.50 0.10 0.02 0.001 
E 25A 1.0 
F 1'.40 0.055 

G 2.54 Min. 0.10 Min. 
H 0.5 Min. 0.02 Min. 

I 4.7 Mex. 0.18 Mex. 
~ 5.2 Mex. 0.211 Max. 
K l0.lfi 0.40 

l 8.5 0.33 

M 0.25 U.05 
0.01 

0.002 

5101 LDS-12-86~CAT 

$7 
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NEC Microcomputers, Inc. 

1024 x 4 BIT STATIC CMOS RAM 

NBC 
µ P D44416514 
µ PD44416514.1 
µ PD444/6514-2 
µ PD44416514.3 

DESCRIPTION The µPD444/6514 is ahigh-speed, low power silicon gate CMOS 4096-bit static RAM 
organized 1024 words by 4 bits. It uses DC stable (static) circuitry throughout and 
therefore requires no clock or refreshing to operate. Data access is particularly simple 
since address setup times are not required. The data is read out nondestructively and 
has the same polarity as the input data. Common input/output pins are provided. 

CS controls the power down feature. In less than a cycle time after CS goes high —
deselecting the µPD444/6514 —the part automatically reduces its power requirements 
and remains in this low power standby mode as long as CS is high. There is no mini-
mum CS high time for device operation, although it will determine the length of time 
in the power down mode. When CS goes low, selecting the µPD444/6514, the 
µPD444/6514 automatically powers up. 

The µPD444/6514 is placed in an 18-pin plastic package for the highest possible 
density. It is directly TTL compatible in all respects: inputs, outputs, and a single 
+5V supply. The µPD444/6514 is pin-compatible with the µPD2114L NMOS Static 
RAM. 

Data retention is guaranteed to 2 volts on all parts. These devices are ideally suited 
for low power applications where battery operation or battery backup for non-
volatility are required. 

FEATURES • Low Power Standby — 5µW Typ. 
• Low Power Operation 
• Data Retention — 2.OV Min. 
• Capability of Battery Backup Operation 
• Fast Access Time — 200-450 ns 
• Identical Cycle and Access Times 
• Single +5V Supply 
• No Clock or Timing Strobe Required 
• Completely Static Memory 
• Automatic Power-Down 
• Directly TTL compatible: All Inputs and Outputs 
• Common Data Input and Output using Three-State Outputs 
• Replacement for µPD2114L and Equivalent Devices 
• Available in a Standard 18-Pin Plastic Package 

PIN CONFIGURATION A6 

A5 

Aq 

Ag 

Ap 

Al 

A2 

CS 

GND 

µPD 
444/ 
6514 

17 

1s 

15 

14 

13 

12 

11 

~cc 

A7 

Ag 

A9 

I/01 

I/02 

I/03 

I/Oq 

WE 

PIN NAMES 

AO•Ag Address Inputs 

WE Write Enable 

CS Chip Select 

1101-I/04 Data Input/Output 

VCC Power (+5V) 

GND Ground 

Rev/1 
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fc P D444I6514 

WRITE CYCLE '4 u 6 

l;% 

I ctv 

WE 

DIN 

DOUT 

VCC 

CS 

5 —~-

IAW 

s—[WP—~ 

tDW 

tWR 
H 

tDH 

XDATA IN 
VAL D X /1/\ !1!\!\ !1 

[OW 

HIGH IMPEDANCE 

Notes: Ot  WE is nigh for Reatl Cycles. 

Q2 Oevice is continuously selected, Ca =VIL 

O3 Adtlress valid prior to or coincident with CS transition low. 

O4 If the CS low transition occurs simultaneously with the WE low transi[ion, the 
outpu[ buffers remain in a high impetlance slate. 

O5 ~ must be high during all address transitions. 

© tyyp is measured trom the laver of CS or WE going low [o the earlier of CS or WE 
- going high. 

LOW VCC DATA RETENTION 

VIH 

VIL 

OV ---

tCOR 4.SV 

s/CCDR 

DATA 
RETENTION —► 

MOOE 

4.5V~ 
tR 

VCCDR 

— VIH 

VIL 

Plastic 

ITEM MILLIMETERS INCHES 

A 23.2 MAX. 0.91 MAX. 

g 1.46 0.055 

C 2.54 0.1 

D 0.45 0.02 

E 20.32 0.8 

F 1.2 0.05 

G 2.5 MIN. 0.1 MIN. 

H 0.5 MIN. 0.02 MIN. 

I 4.6 MA%. 0.18 MAX. 

J 5.1 MAX. 0.2 MAX. 

K 7.62 0.3 

L 6.7 0.26 

M 0.25 0.01 

PACKAGE OUTLINE 
µPD444/6514C 

444/6514 DSR E V 1-12-80-CAT 



/.c P D44416514 

ACCHARACTERISTICS 7a =-40Cm+85C;VCC=+SV• 10%uNessomerwnenoted 

PAgAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS 

046/fi514~3 446/65742 444/fi514.1 444/6514 

MIN MA% MIN MA% MIN MAX MIN tMA% 

READ CYCLE 

Read Cycle tqp 200 250 300 450 ns Input Pulse Levels: 
+0.6 to +2.4 Volts 

InPN R,se and Fall 
Tmes: t0 ns 

Input and Output Tim nq 

Address Access Time tqq 200 250 300 450 ns 

Cn,p Select Access True 0 tAC51 200 250 300 450 ns 

CniP Select Access Time © tAG52 250 300 750 500 ns 

Output Mold Irom Addrea Cnange tpR 50 50 50 50 ns Levels'. 1.5 Volt 

Output load' 1 TTL 

Gate and CL = 100 pF 
Ch~P Selection to Output ,n Low 2 tLZ ZO 20 20 20 ns 

Chip Deselecrvon to Output .n Hign 2 tM2 60 ]0 60 100 ns 

WRITE CYCLE 

'Nri,e Cycle Time tyeC 200 250 700 450 ns Input Pulse Levels: 
+0.8 to +2A Volts 

1"put Rise and Fall 
Times: 10 ns 

I put and Output Tim,nq 

ChiO Selection to Ene of Write tpyy t 90 230 250 350 ns 

Atltlress Valid to Ena of Write tgyy 180 230 250 750 ns 

Address Setup Time tAS 0 0 0 0 ns 

Write Pulse Width tyyp 180 210 270 700 ns Levels: 1.5 Volt 

Output Load: 1 TTL 

Wte antl CL = 100 pF 

Write Recovery Time tyeR 0 0 0 0 ns 

Data vantl to Entl of Write tpyy 1 ZO 140 150 200 ns 

Data Hold Time tpH 0 0 0 0 ns 

Write Enabled to Cutput in High Z [WZ 60 70 80 t00 ns 

Output Active from End of Write tpW 0 0 0 0 ns 

Notes: QI Chip deselectetl for grea[ar than 100 ns prior to ulecoon. 

Q Chip tlesetectetl for a finite time that is less than 100 ns prior to selection. I if the deselect time is 0 n , [he chip is by definition 
selected and access occurs according to Read Cycle No. 1.1 

LOW VCC DATA 
RETENTION 

CHARACTERISTICS 

TIMING WAVEFORMS 

PAi?v3AETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TYP MAX 

Dat= R~~ ~.:,. - ~.,~ Supply 

Vol;ayu 

VCCDR 2.0 V CS = VCC,V IN 'VCC ` 

to GND 

Data Retention Supply 

Current 
ICCDR 0.01 10 µA VCC = 3V, ZS =VCC 

VIN =VCC to GND 
Chip Deselect to Data 
Retention Time 

tCOR 0 ns 

Operation Recovery 

Time 

tR tRCO ~' 

Note: Qt IRC =Read Cvcle Time 

ADDRESS 

READ CYCLE O OO 

IRC 

tOH 

IAA 

DOUr PREVIOUS DATA VALID 

CS 

DOUT 

xxx
READ CYCLE G .~ 

IRC 

 tACS 

f-ILZ-a 

DATA VALID 

tHL y 

HIGH IMPEDANCE 

DATA VALID 
HIGH

 1 IMPEDANCE 
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µP D444/6514 

BLOCK DIAGRAM 
d 

CS 

AS

A6 

t

Aa 

91--r 
Ag~ 

I Ot 

102 

10] 

I Od 

ROuv 
sELeC1 

iNvuT 

DATA 
CONTROL 

MEMORY ARRAv 
6d ROws 

ad COLUMNS 

COLUMN I 'O CIRCUITS 

GNU 

COLUMN SELECT 

• • 

AO t A2 A] 

~I^rf ~•

  1 • 

Operating Temperature   r40°C to+85°c ABSOLUTE MAXIMUM 
Storage Temperature   -55°C to +t 25°C 
All Input and Uutput Voltages  -0.3 to VCC +0.3 Volts O,  RATINGS* 
Supply Voltage   +6.0 Volts 

Note: Q With Respect to Ground 

COMMENTS Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device a[ these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

'Ta = 25°C 

Ta = -40°C to +g5°C; VCC = +5V ~ 70%unless otherwise noted. DC CHARACTERISTICS 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS 

644/65143 444/65142 444/65191 994/6514 

MIN TVP MA% MIN TVP MA% MIN TVP MA% MtN TVP ~MA% 

Input Leakage Curren I LI -10 10 -1.0 1.0 -1.0 1.0 -1.0 1.0 RA VIN'GND to VCC 

IrO Leakage Currant ILO -1.0 1.0 -I,0 1.0 -1.0 1.0 -1.0 1.0 uA CS=VIH, VI/O=GND 

t° VCC 

Operating Supply 
Curren 

ICCAt 19 35 15 35 12 35 9 35 mA CS - VIL• V IN `VCC• 
Outputs Open 

Operating SuPDIY 

Current 
ICCA2 23 '0 •9 40 15 40 12 40 mA CS = VIL, VIN= 2AV,

Outputs Open 

Average Oxrahng 

Sup01y Cur.enl 
ICCA3 10 20 9 20 8 20 7 20 mA VIN = GND or VCC• 

Outputs Open f • 1 MHz, 

D°tv 50% 

Stanaoy Supply Current ICCS ~ 50 SO SO pA CS = V CC. VIN' GND 

to VCC 

Input Low Voltage VIL -0.3 0.6 -0.3 Q.8 -0.3 0.8 -0.3 08 V 

Input High Voltage VIH 24 VCC X0.3 2.4 VCC v0.3 2.9 VCC X0.3 24 VCC X0.7 V 

Output low Voltage VOL 0.4 0.4 OA 00 V IOL=2.0 mA 

Du1pV1 H~gn Voltage VOH 24 2.9 2.4 24 V IOH _1.0 mA 

Ta = 25 C, 1 = 1 MHz 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN''TVP MA% 

InputlOutput Capacitance Cl/O 10 pF VI/O=OV 

Input Capacitance CIN 5 PF VIN'OV 

CAPACITANCE 

Note: This parameter is periodically sampled and not 100%tested. 
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NEC Microcomputers, Inc. NBC 
µPD445L 
µPD445L-1 

FULLY DECODED 4096 STATIC CMOS RAM 

DESCRIPTION The µPD445L is a very low power 4,096 bit (1024 words by 4 bits) static RAM fabricated 
with NEC's complementary MOS (CMOS) process. It has two chip enable inputs (CEO, 

CE2). Minimum standby current is drawn when CEO is at a high level, while inhibiting 

all address and control line transitions or, unconditionally when CE2 is at a low level. 

This device ideally meets the low power requirements of battery operated systems and 

battery back-up systems for non-volatility of data. 

The µPD445L uses fully static circuitry requiring no clocking. Output data is read out 

non-destructively by placing a high on the R/W pin and has the same polarity as input 
data. All inputs and outputs are directly TTL compatible. The device has common 
input/output data busses and an OD (Output Disable) pin for use in common I/O bus 
systems. 

The µPD445L is guaranteed to retain data with the power supply voltage as low as 2.0 
volts. 

FEATURES • Single +5V Power Supply 
• Ideal for Battery Operation 

• Low Standby Power for Data Retention 
• Simple Memory Expansion —Chip Enable Inputs 

• Access Time — 650 ns Max. (µPD445L) 
450 ns Max. (µPD445L-1) 

• Directly TTL Compatible —All Inputs and Outputs 
• Common Data Input and Output 
• Static CMOS — No Clock or Refreshing Required 
• 20 Pin Dual-In-Line Plastic Package 

PIN CONFIGURATION 
A3 

Az 

At 

AO 

A5 

A6 

A~ 

GND 

I/Ot 

I/O2

VCC 

Aq 

R/W 

CEt

OD 

CE2 

Ag 

Ag 

I/Oq 

I/03

PIN NAMES 

AQAg Address Input 
OD Output Disable 
R/W Read/Write 
CEt Chip Enable t 
CE2 Chip Enable 2 
I/Ot-I/Oq Data Input/Output 
VCC Power Su PPIY 
GND Ground 

OPERATION MODES 

CEt CE2 OD Chip Output Mode 

0 t 0 Oata Out 
Selected 

0 1 1 
High Impedance 

Others Non-Selected 
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fcPD445L 

AD o-A, o-
A2 

/~ 
a3 v -. 

A4 

AS o-

I,Ot o- 
~;D2o 
rrD3 O 

ir04 
O 

R/W O 

~DDRE55 
d UFEER 

DECODER 

~NRDt 
DaT:. 

CUNTRC)L 

~1 E Al OH V 
CELL 

ntATRlx 
64.64 

DECODER 

~ I 

ADDRESS 
6UFFER 

b000 
A6 A~ Ag A~ 

BLOCK DIAGRAP~ 

Operating Temperature    0°C to+70° C ABSOLUTE MAXIMUM 

Storage Temperature  —40°C to +125°C RATINGS" 

All Output Voltages   —0.3 to VCC +0.3 Volts 
All Input Voltages   —0.3 to VCC +0.3 Volts 
Supply Voltage VCC   —0.3 to +7 Volts 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and to nctional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25°C 

r 3 = o° c tP +~o°c; +5v + 1 o i 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TYP MAX 

Input High Voltage V 1H +2.2 VCC V 

Input Low Voltage VIL -0.3 + 0.65 V 

Output High Vdtage VOHI +2.4 V IOH - ~~1.0 mA 

VOH2 +3.5 V IOH - 100 pA 

Output Low Voltage VOL + 0.4 V IOL = +2.0 mA 

Input Leakage 
Current High ILIH + 1.0 yA VI -VCC 

Input Leakage 
Current Low ILIL - 1.0 pA VI - OV 

Output Leakage 
Current High ILOH + 1.0 uA VO = VCG 

CE1 = 2.2V 

Output Leakage 
Current low ILOL 1.0 pA 

Vp = OV, 
CE1 = 2.2V 

SuPPIy Current ICCI 72 25 mA 
Outputs Open 
VI `VCC except 
CEi i 0.65V 

Supply Current ICC2 16 30 mA 
Outputs ODeb 
VI = 2.2V except 
CE1 ~-. 0.65V 

Standby Current ICCL q0 AA V ~ - 0 to 5.25V 
Except CE2 =~ 0.2V 

DC CHARACTERISTICS 



fcPD445L 

CAPACITANCE Ta = 25°C; f = 1 MHz 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Capacitance CI 5 8 pF VI = OV 

Output Capacitance CO 8 12 pF VO = OV 

READ CYCLE 

AC CHARACTERISTICS Ta =O°c to+7o°c;v~~=+5v±1o~:, 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS 

445E 445E-1 

MIN MAX MIN MAX 

Read Cycle Time tRC 650 450 ns 

Input Voltage Levels 

V =+0.65 to+2.2V 

Input Rise Time 
20 ns 

Input Fall Time 

20 ns 

Timing Measurement 
Reference Level = 

+1.5V 

Output Load 

1 TTL + 100 pF 

Access Time, to 650 450 ns 

Chip Enable 
(CE1) to Output 

t C01 600 400 ns 

Chip Enable 

(CE2) to Output 
t CO2 700 500 ns 

Output Enable 

to Output 
t 
OD

350 250 ns 

Output Disable 

IOD) to Floating 
t 
DF

0 150 0 130 ns 

Data Output 

Hold Time tOH1 0 0 ns 

Chip Disable 

to Floating 
t OH2 0 0 ns 

Address Rise 
and Fall Time 

tr 
tf 

300 300 ns 
For Address change 
during Chip Enabled 

WRITE CYCLE 
Ta = 0° C to +70° C ; V CC = +5 V ± 7 0 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS 

445E 445L•1 

MIN MAX MIN MAX 

Write Cycle Time tyyC 650 450 ns 

Input Voltage Levels 

V l = +0,65 to +2.2V 

Input Rise Time 
20 ns 

Input Fall Time 
20 ns 

Timing Measurement 

Reference Level = 

+].5V 

Address Setup 
Time 

t 
AW

150 130 ns 

Chip Enable 

ICE11 to Write 
End 

tCyV1 550 350 ns 

Chip Enable 
(CE2) to Write 
End 

tCVV2 550 350 ns 

Data Setup Time tpyy 400 250 ns 

Data Hold Time tpf{ 100 50 ns 

Write Pulse Width tyyp 400 250 ns 

Address Hold 
Time 

tyyR 50 50 ns 

Output Disable 
Setup Time tDS 150 130 ns 

Address Rise 
and Fall Time 

tr
tf 

300 300 ns 
For Address change 
during Chip Enabled 
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µPD445L 
TIMING WAVEFORMS 

LOW VCC DATA RETENTION 
Ta = 0° C to +70° C 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

VCC for Data Retention VCCDR +2.0 V CE2 5 +0.2V 

Data Retention Current ICCDR 40 µA VCCDR =+2.OV 
CE2 S +0.2V 

Chip Deselect Setup Time tCDR 0 ns 

Chip Deselect Hold Time tR tRC ~ ns 

Note: ~ tRC =Read Cycle Time 

ADORE55 

CEt 

CE? 

OD 

I (:OM MON I O~ 

DATA ()l~l 

a DOHE55 

CEt 

CEO 

OD 

(COMMON I~OI 

DATA 

IN 

H/W 

READ CYCLE 

'RC 

E 
'COI —~ 'OH1 —~ 

'OH7 —+~ 

'CO7 

~—' U O —+ 

'DP 

DATA OIJT VALID 

— — — — HIGH IMPEDANCE STATE 

WRITE CYCLE 

~~ 'CW7 

'wc 

—~ IDS 

y 'AW 

'Ors —~ 

  'DW 

  WP 

~--'WR —a 

— — — —HIGH IMPEUANCE STATE 

aV 



µ.PD445L 

LOW V~~ DATA RETENTIONO 

f DATA DETENTION MODE --+ 

SUDDEN VOLTAGEIVCC) 

VIH 

CHIP ENABLE ICE21 
0.2V 

OV 

A 

I{
1CDR   4.75V ' 

1 

VCCDR 

4.75V  f _ fR

VCCDR 

  V IH 

  0.2V 

Note Q APPIy less than VCC OH fo all inPutS for rlafa ref ention mode. 

Hi.i- ~ ~ n 

-~ 
B ~ 

r--~ r--~ ~~--~,~ ~ r--~ 

-I F I- I~C-I 
-    E 

(PLASTIC) 

ITEM MILLIMETERS INCHES 

A 27.00 1.07 I

8 2.07 0.08 

C 2.54 0.10 

D 

E 

0.50 

22.86 

0.02 

0.90 

F 1.20 0.05 

G 2.54 MIN 0.10 MIN 

H 0.50 MIN 0.02 MIN 

I 4.58 MAX 0.18 

J 5.08 MAX 0.20 

K 10.16 0.40 

L 6.60 0.39 

M 0.25 
*0.10 
-0.05 

0.01 
+0.004 
-0.002 

PACKAGE OUTLINE 
µPD445LC 

445LDS-12-80-CAT 
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NEC Microcomputers, Inc. 

2048 x 8 BIT STATIC CMOS RAM 

NBC 
µPD446 
f,t,PD446-1 
µPD446-2 

DESCRIPTION The µPD446 is a high speed, low power, 2048 word by 8 bit static CMOS RAM 
fabricated using an advanced silicon gate CMOS technology. A unique circuitry 
technique makes the µPD446 a very low operating power device which requires 
no clock or refreshing to operate. Minimum standby power current is drawn by this 
device when CE equals VCC independently of the other input levels. 

Data retention is guaranteed at a power supply voltage as low as 2V. 

The µPD446 is packaged in a standard 24-pin dual•in-line package and is plug-in 

compatible with 16K EPROMs. 

FEATURES Single+5V Supply 
• Fully Static Operation — No Clock or Refreshing required 
• TTL Compatible —All Inputs and Outputs 
• Common I/O Using Three-State Output 
• OE Eliminates Need for External Bus Buffers 
• Max Access/Min Cycle Times Down to 120 ns 
• Low Power Dissipation, 45 mA Max Active/100 µA Max Standby/ 

10µA Max Data Retention 
• Data Retention Voltage — 2V Min 
• Standard 24-Pin Plastic and Ceramic Packages 
• Plug-in Compatible with 16K EPROMs 

PIN~CONFIGURATION A7[ 1 zn ] vcc 

A6[ 2 23 ] AB 

A5[ 3 22 ] A9 
Aq[ 4 21 ] WE 

A3[ 5 20 ]OE 

A2[ 6 µPD 19 ]A10 

A1[ 7 446 18 ] CE 

AO[ 8 17 ] I/08 

I/Ot[ 9 16 ] I/07 

I/02[ t0 15 ] I/O6 

uo3[ 11 1a ] I/05 

GND[ 12 13 ] I/04 

TRUTH TABLE 

PIN NAMES 

Ap-A10 Address Inputs 

WE Write Enable 

OE Output Enable 

CE Chip Enable 

I/O1-I/08 Data Input/Output 

VCC Power (+5V) 

GND Ground 

CE OE WE MODE I/O ICC 

H X X NOT SELECTED HZ STANDBY 

L H H NOT SELECTED HZ ACTIVE 

L L H READ DOUT ACTIVE 

L X L WRITE DIN ACTIVE 
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f1 PD446 

A5 

Ag 

A7 

Ag 

A10 

I/01 

I/OB 

CE 

OE 

WE 

Supply Voltage 

ADDRESS 

BUFFER 

INPUT 

DATA 

CONTROL 

CELL ARRAY 

128 ROWS 
128 COLUMNS 

SENSE SWITCH 

COLUMN 

DECODER 

ADDRESS 

BUFFER 

OUTPUT 

DATA 

CONTROL 

BLOCK DIAGRAM 

70V ABSOLUTE MAXIMUM 
Input or Output Voltage Supplied   -U.3 to VCC + 0.3V 
Storage Temperature Range   -55°C to 125°C 
Operating Temperature Range  0°C to 70°C 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25°C 

Ta • 0 to 70° C; VCC = S.OV s 10% 

CHARACTERISTIC SYMBOL 
µPD6463 µPD446-i µPDMB 

UNIT CONDITIONS 
MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Input High Voltage VIH 2.2 VCC 

a0.3 

2.2 VCC 

a0.3 

2.2 VCC 

+0.3 

V 

Input Low VOHage VIL -0.3 0.8 -0.3 0.8 -0.3 0.8 V 

Input Leak~e Current ILI -1.0 1.0 -1.0 1.0 -1.0 1.0 µA VIN' 0'" VCC 

I/O Leakage Currant ILO -1.0 1.0 -1.0 1.0 -1.0 1.0 µA 
V 0 • OIH V CC 

Supply 

ICCA1 30 45 25 38 20 30 mA MICN TCVCLE
O-0

paratinq Current 

ICCA2 5 10 5 10 5 10 mA VCS `VIL II/O ` 0
DC CURRENT 

$tBneby Currant ICCS 100 100 100 µA 
VCS `VCC 

VIN'0"VCC 

Output High Voltage VOH 2.4 2.4 2.4 V IpR • _1.0 mA 

Output Low Voltage VOL 0.4 0.4 0.4 V IOL--2.0 mA 

Ta = 25°C, f = 1.0 MHz 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN MAX 

Input Capacitance CIN 6 pF VIN = OV 

Input/Output Capacitance Cl/O 8 pF VI/O = OV 

RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 
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N, PD446 

AC CHARACTERISTICS 

LOW VCC DATA 

RETENTION 

READ CYCLE 

VCC = 6.OV ± 10%, Ta = 0°C to 70°C 

PARAMETER SYMBOL 

LIMITS 

UNIT 

µPD446-2 µPD446-1 µPD446 

MIN MAX MIN MAX MIN MAX 

Read Cycle Time iRC 120 150 200 ns 

Address Access Time tqq 120 150 200 ns 

Chip Enable Access Time tgCS 120 150 200 ns 

Output Enable to Output Valid ipE 60 75 100 ns 

Output Hold from Address Change tOH 20 20 20 ns 

Chip Enable to Output in LZ iCLZ 10 10 10 ns 

Output Enable to Output in LZ tpLZ 10 10 10 ns 

Chip Disable to Output in HZ tCHZ 60 75 100 ns 

Output Disable to Output in HZ tOHz 60 75 100 ns 

VCC = 5.0 V ± 10 % , Ta = 0° C to 70° C 
WRITE CYCLE 

PARAMETER SYMBOL 

LIMITS 

UNIT 

µPD446-2 µPD44fi-1 µPD446 

MIN MAX MIN MAX MIN MAX 

Write Cycle Time tyyC 120 150 200 ns 

Chip Enable to End of Write tCy,~ 100 125 770 ns 

Address Valid to End of Write tgyy 100 125 170 ns 

Address Setup Time tAS 0 0 0 ns 

Write Pulsewidth tyyP 100 125 170 ns 

Write Recovery Time tyyq 0 0 0 ns 

Data Valid to End of Write tpyy 60 75 100 ns 

Data Hold Time tpH 0 0 0 ns 

Write Enable to Output in HZ tyyHZ 60 75 100 ns 

Output Active from End of Write tpy,~ 20 20 20 ns 

Ta = 0°C to 70°C 

PARAMETER SYMBOL 
TEST 

CONDITIONS 

LIMITS 

UNIT MIN TVP MAX 

VCC for Data Retention VCCDR VIN = 0 "' VCC, 

VCE =VCC 

2.0 V 

Data Retention Current ICCDR VCC - 3.OV, 
VIN - O'-'VCC 
VCE =VCC 

0.1 10 µA 

Chip Deselection to Data 
Retention Time 

tCDR 0 ns 

Operation Recovery Time tR tRC ns 
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µ PD446 

00 
ADDRESS 

READ CYCLE 111 

tRC 

~( X 
tAA 

0 E 
\\ 1 1\\\~ 

DOUT 

Q 

CE 

OE 

DOUT 

f—tOE ~ 

~-tOL2~ -  _ ` 

~-tDH y-

tOHZ 

READ CYCLE 121 

tRC 

' tACS 

``\``\``\~ 

\ 

tCLZ 

1 1\\ l~ 

~ — tOE 

`~ tOLZ -i 

s tCHZ i 

OHZ 

~. 7 1 

NOTES: 

01 WE is high for read cycles, 

© Device is continuously selected,CE=VIL~ 

Q Address valid prior to or coincident with CE transition low. 

WRITE CYCLE 111 

~~~® 

ADDRESS 

OE 

CE 

WE 

DOUT 

DIN 

NOTES: 

tWC 

` I 

~ tAW 

1 1 1 \~

tDW

~tASs►~ 

\)  \) 
\
J \tJOH\Z/

 `
\
J

! / / ! I 

WP 

` ` 1\\\\ 1 

%///////// 
~tW R► 

f -tDW 

i 

.~ tOW 

tOH—a' 

tOL2 

C((«
Y  ~ 

(~1 WE must be high during all address transition. 

O2 A write occurs during the overlap of a low CE and a low WE. 

O3 tyyq is measured from the earlier of CE or WE going high to the end of write cycle. 

® If the CS low transition occurs simultaneously with or after the W~ low transition, 

output buffers remain in a high impedance state. 

TIMING WAVEFORMS 
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µ PD446 

TIMING WAVEFORMS 
(CONY.) ~~~®~ ~ 

ADDRESS 

CE 

WE 

DOUT 

DIN 

WRITE CYCLE 121 

twc 

tAW 

—tCW 

~tqS~ 

1\ 

> / / / / ! / ! ! ! t ! Z

tWP 

f-tpyy—a

t tpW  _ _  tDH—► 

Y  ' /V V V VOV 1 

Notes: Q1  WE must be high during all address transition. 

Q2  A write occurs during the overlap of a low CE and a low WE. 

~3  tyyR is measured from the earlier of CE or WE going high to the end of write cycle. 

® If the CS low transition occurs simultaneously with or after the WE low transition, 
output buffers remain in a high impedance state. 

05 OE is continuously low (OE — VIL). 

LOW VCC DATA RETENTION 
TIMING CHART vccl5.ov1 

4.5V 

AC TEST CONDITIONS 

~'iDR DATA RETENTION MODE 

VIH  

yCCDR —

CE yIL  

GND  

f

tp 

Input Pulse Levels 0.8V to 2.2V 

Input Rise and Fall Times 10 ns 

Input and Output Timing Reference Levels 1.5V 

Output Load 1 TTL + 100 pF 
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/1. PD446 

A 

--}~i l~ e I"- yll.~._ -+a 
D 

C I~-

E 
y 

I - 'IJ 

L ^ ~~i+
i 

F 

G 

(PLASTIC) 

ITEM MILLIMETERS INCNES 

A 33 MA% 1.3 MAX 

8 2.53. 0.1 

C 2.54 0.1 

D. 0.5 0.1 0.02e0.004 

E 27.94 1.1 

F 1.5 0.059 

G 2.54 MIN 0.1 MIN 

H 0.5 MIN 0.02 MIN 

1 5.22 MAX 0.205 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.6 

L 13.2 -0.52 

M 
+0.10 

0.25 ~ 
05 

+0.004 
0.07 

_0.0019 

~-- - - K 

~- L 

>. 

(CERDIP) 

~ I 
I I 

- 15°

M ~-

ITEM MILLIMETERS INCHES 

A 33.5 MAX. 1.32 MAX. 

B 2.78 0.11 

C 2.54 0.1 

D 0.46 0.018 

E 27.94 1.1 

F 1.5 0.059 

G 2.54 MIN. 0.1 MIN. 

H 0.5 MIN. 0.019 MIN. 

I 4.58 MAX. 0.181 MAX. 

J 5.08 MAX. 0.2 MAX. 

K 15.24 0.8' 

L 13.5 0.53 

M 0.25 
0.05 

0.07~0_~ 

PACKAGE OUTLINE 
µPD446C 

µPD446D 

~~ 
44;D5-12-80.CAT 



NEC Microcomputers, Inc. 

2048 x 8 BIT STATIC CMOS RAM 

NBC 
µ PD447 
µPD447-1 
µ PD447-2 

DESCRIPTION The µPD447 is a high speed, low power, 2048 word by 8 bit static CMOS RAM 
fabricated using an advanced silicon gate CMOS technology. A unique circuitry tech-
nique makes the µPD447 a very low operating power device which requires no clock 
or refreshing to operate. 

Since the device has two chip enable inputs, it is suited for battery backup applica-
tions. Minimum standby power current is drawn by this device when CE2 equals VCC 
independently of the other input levels. 

Data Retention is guaranteed at a power supply voltage as low as 2V. 

The µPD447 is packaged in a standard 24-pin dual-in-line package and is plug-in 
compatible with 16K EPROMs. 

FEATURES Single +5v Supply 
• Fully Static Operation — No Clock or Refreshing required 
• TTL Compatible —All Inputs and Outputs 
• Common Data Input and Output Using Three-State Output 
• Two Chip Enable Inputs for Battery Operation 
• Max Access/Min Cycle Times Down to 120 ns 
• Low Power Dissipation; 45 mA Max Active/100 µA Max Standby/ 

10µA Max Data Retention 

• Data Retention Voltage — 2V Min 
• Standard 24-Pin Plastic and Ceramic Packages 
• Plug-in Compatible with 16K EPROMs 

PIN CONFIGURATION A7
Ag 

A5 

A4 

A3 

A2 

Al 

Ap 

I /01 

I/02 

I/03 

GND 

za 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

vcc 
Ag 

Ag 

WE 

CEi 

A10 

CE2 

I /08 

I /07 

I /O6 

I /05 
Il04 

TRUTH TABLE 

PIN NAMES 

Ap-A10 Address Inputs 

W~ Write Enable 

CE1-C E'1 Chip Enable Inputs 

I/Oj-1/O8 Data Input/Output 

VCC Power (+5V) 
GND Ground 

CE1 CE2 WE MODE I/O ICC 

X H X NOT SELECTED HZ STANDBY 

H X X NOT SELECTED HZ ACTIVE 

L L L WRITE DIN ACTIVE 

L L H READ DOUT ACTIVE 
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~,tPD447 

A5 

AB 

A7 

A8 

A9 

A10 

I/01 

I/OB 

CE2 

CEt 

E 

• DDRESS 

BUFFER 

►~~ ~ 
, ;ll~~ 

ROW 

DECODER 

INPUT 

DATA 

CONTROL 

CELL ARRAY 

128 ROWS 

128 COLUMN$ 

SENSE SWITCH 

COLUMN 

DECODER 

ADDRESS 

BUFFER 

OUTPUT 

DATA 

CONTROL 

Supply Voltage 
Input or Output Voltage Supplied   -0.3 to VCC + 0.3V RATINGS*
Storage Temperature Range   -55°C to 125°C 
Operating Temperature Range   0°C to 70°C 

BLOCK DIAGRAM 

7  OV ABSOLUTE MAXIMUM 

COMMENT Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25°C 

vcc = sv ~ tow. T a - o°c g ]o`c 

PARAMETER SYMBOL 
TEST 

CONDITIONS 

LIMITS 

UNIT 

wPD44]-Z wPD44]~1 wPD44] 

MIN TYP MA%" MIN TVP MAX MIN TVP MAX 

Input High Voltage vIH 3.2 VCC+0.3 2.2 vOC .0.3 2.1 vCC +0.3 V 

Input Low Voltage VIL -0.3 0.8 -0.3 OB -O.J 0.9 v 

I nput Leakage Curren ILI vIN' 0 "VCC -1.0 t0 -1.0 1.0 -1.0 1.0 wA 

I/O Leakage Currant ILO 
vCE2`vIH 

V I/O ` 0 "' vCC 
10 1.0 -1.0 1.0 -1.0 1.0 wA 

Operating Supply Current 

ICCA1 

vCE2' vIL 

IIIO `0 

MIN TCVCLE 

30 45 25 39 20 30 mA 

ICCA2 
vCE2' vIL 
IIIO' 0
DC CURRENT 

5 10 5 10 5 10 mq 

Standby Cu.rent ICCS 
vCE2'vCC 
vIN ` 0- VCC 

100 100 100 wA 

Output Hign Voltage VOH IOH =-t.11 mA 20 2.4 2.4 V 

Output Low Valtege VOL IOL'2.0 mA 0.4 0.6 04 V 

Ta = 25°C, f = 1.0 MHz 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN MAX 

Input Capacitance CIN 6 pF VIN = OV 

Input/Output Capacitance Cl/O 8 pF VI/O = OV 

DC CHARACTERISTICS 

CAPACITANCE 
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~, PD447 

AC CHARACTERISTICS 
VCC=5.OV±10%, Ta =O°C to 70°C 

LOW VCC 
DATA RETENTION 

READ CYCLE 

PARAMETER SYMBOL 

LIMITS 

UNIT 

µPD447-2 µPD447-1 µPD447 

MIN MAX MIN MAX MIN MAX 

Read Cycle Time tqC 120 150 200 ns 

Access Time tq 120 150 200 ns 

Chip Enable (CE11 to Output Valid tCO1 60 75 100 ns 

Chip Enable (CE2) to Output Valid tCO2 120 150 200 ns 

Output Holtl from Address Change ipq 20 20 20 ns 

Chip Enable ICE11 to Output in LZ iLZi 10 10 10 ns 

Chip Enable (CE2) to Output in LZ tLZ2 10 10 10 ns 

Chip Enable (CE1) to Output in HZ tgZ1 60 75 100 ns 

Chip Enable (CE2) to Output in HZ tHZ2 60 75 100 ns 

VCC = S.OV ! 10%, Ta = 0°C to 70°C 
WRITE CYCLE 

PARAMETER SYMBOL 

LIMITS 

UNIT 

µPD447-2 µPD447-1 µPD447 

MIN MAX MIN MAX MIN MAX 

Write Cycle Time tyyC 120 150 200 ns 

Chip Enable (CE1) to End of Write tCV1 100 125 170 ns 

Chip Enable (CE2) to End of Write tCVJ2 100 125 170 ns 

Address Setup Time tgyy 0 0 0 ns 

Write Pulsewidth [yyp 100 125 170 ns 

Write Recovery Time tyyq 0 0 0 ns 

Write Enable to Output in H2 tWZ 60 75 100 ns 

Output Active from End of Write tOW 20 20 20 ns 

Data Valid to Entl of Write tpW 60 75 100 ns 

Data Hold Time tpH 0 0 0 ns 

Ta = 0° C to 70°C 

PARAMETER SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNIT MIN TYP MAX 

VCC for Data Retention VCCDR VIN - 0 "' VCC, 

VCE2 =VCC 

2.0 V 

Data Retention Current ICCDR VCC = 3.OV, 
VIN=O,.. 

VCC 
VCE2 — VCC 

0.1 10 µA 

Chip Disable to Data Retention Time tCDR 0 ns 

Operation Recovery Time tR tRC ns 
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ft PD447 

ADDRESS 

CE1 

CE2 

DOUT 

ADDRESS 

READ CYCLE TIMING CHART 

tRC 

~ -2 C0 -~ 

rtL21~ 

E tOH ~ 

-tC0 

tLZ2-

tHZI 

tH22 

WRITE CYCLE TIMING CHART 

tWC 

CE 1 
\\~\ 1\ `\ \ 

tCW t 

/! /! ! ! /! 

CE2 \ \ 
~r tCW2 

/// ! /~/// 

WE 

DOUT 

DIN 

VCC 15 OV) 

4.5V 

VIH 

VCCDR 

CE2 VIL 

GND 

-s-tAW 

` r̀  tWP 

r-iWZ~ 

tWR f 

tOW r-

ttpW - 

'ftDR 

f   -~ 

tDH _ 

DATA RETENTION MODE tR 

TIMING WAVEFORMS 

LOW VCC 
DATA RETENTION 
TIMING CHART 

~~8 



N,PD447 

AC TEST CONDITION 

PACKAGE OUTLINE 

µPD447C 

Input Pulse Levels 0.8V to 2.2V 

Input Rise and Fall Times 10 ns 

Input and Output Timing Reference Levels 1.5V 

Output Load 1 TTL + 100 pF 

- '}~i l~ B 

.--~ 

p -+a C 
 E 

(PLASTIC) 
ITEM MILLIMETERS INCHES 

A 33 MAX 1.3 MAX 

B 2.53 0.1 

~ 2.54 0.1 

D 0.5 ~ 0.1 0.02 ! 0.004 

E 27.91 1.1 

F 1.5 0.059 

G 2.64 MIN 0.1 MIN 

H 0.5 MIN 0.02 MIN 

I 5.22 MAX 0.205 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.6 

L 13.2 0.52 

M 
+0.10 

0.25 
_0.05 

+0.004 
0.01 

-p.0019 

µPD447D 
 A 

T~ 
I ~ 

~ G
-"1 D t.~- - ~i C Fes-  -~-

E 

0° - 15°

(CERDIP) 

ITEM MILLIMETERS INCHES 

A 33.5 MAX. 1.32 MAX. 

B 2.78 0.17 

C 2.54 0.1 

D 0.46 0.018 

E 27.94 1.1 

F 1.5 0.059 

G 2.54 MIN. 0.1 MIN. 

N 0.5 MIN. 0.019 MIN. 

I 4.58 MAX. 0.181 MAX. 

J 5.08 MA%. 0.2 MAX. 

K 1$.24 0.8 

L 13.5 0.53 

M 
+0.10 

0.25_0.05 

+O.00a 
0'01-0.002 

447DS12-80-CAT 
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NEC Microcomputers, Inc. 1Y~C 
ROM ORDERING PROCEDURE -MEMORIES AND MICROCOMPUTERS 

The following NEC products fall under the guidelines set by the ROM Ordering Procedure: 

µPD2316E µPD8021 µPD547L µPD651 

µPD2332A µPD8022 µPD550 µPD651G 

µPD2332A-1 µPD8041A µPD550L µPD652 

µPD23328 µPD8048 µPD552 µPD7502 

µPD23326-1 µPD80C48 µPD553 µPD7503 

µPD2364 µPD8049 µPD554 µPD7507 

µPD23128 µPD8355 µPD554L µPD7520 

µPD7801 µPD546 µPD557L µPD7720 

µPD7802 µPD547 µPD650 

NEC Microcomputers, Inc., is able to accept mask patterns in a variety of formats to facilitate the transferral of ROM 
mask information. These are intended to suit various customer needs and minimize the turnaround time. Always enclose 
a listing of the code and the code submittal form. The following is a list of valid media for code transferral. 

• PROM/EPROM equivalent to ROM parts 
• Sample ROMs or ROM-based microcomputers 
• NECµPD458 EEPROM 
• Paper Tape 
• Timesharing Files 
• Other (Contact NEC Microcomputers, Inc., for arrangements.) 

Thoroughly tested verification procedures protect against unnecessary delays or costly mistakes. NEC Microcomputers, 
Inc. will return the ROM mask patterns to the customer in the most convenient format. Unprogrammed EPROMs, if sent 
with the ROM code, can be programmed and returned for verification. 

Earth satellites and the world-wide GE Mark III timesharing systems provide reliable and instant communication of ROM 
patterns to the factory. Customers with access to GE-TSS may further reduce the turnaround time by transferring files 
directly to NEC Microcomputers, Inc. 

The following is an example of a ROM mask transferral procedure. The µPD8048 is used here; however, the process is the 
same for the other ROM-based products. 

1 . The customer contacts NEC Microcomputers' Sales Representative, concerning a ROM pattern for the µPD8048 
that he would like to send. 

2. Since an EPROM version of that part is available, the µPD8748 is proposed as a code transferral medium, or a 
paper tape and listing may be used. 

3. Two programmed µPD8748's are sent to NEC Microcomputers, Inc. with a listing, a code submittal form, and a 
paper tape as back-up. 

4. NEC Microcomputers, Inc. compares the media provided and enters the code into GS-TSS. The GE-TSS file is 
accessed at the NEC factory and a copy of the code is returned to NEC Microcomputers for verification. One of 
the µPD8748's is erased and reprogrammed with the customer's code as the NEC factory has it. Both µPD8748's 
and a listing are returned to the customer for his final verification. 

5. Once the customer notifies NEC Microcomputers, Inc. in writing that the code is verified and provides the mask 
charge and hard copy of the purchase order, work begins immediately on developing his µPD8048s. 

Please contact your local Sales Representative for assistance with all ROM-based product orders. 
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NEC Microcomputers, Inc. 
NBC 

fc PD2308A 

FULLY DECODED 8,192 BIT MASK 
PROGRAMMABLE READ ONLY MEMORY 

DESCRIPTION The NECµPD2308A is a high-speed 8, 192-bit mask-programmable Read Only Memory 
organized as 1024 words by 8 bits. The µPD2308A is fabricated with N-channel MOS 
technology. 

The inputs and outputs are fully TTL-compatible. The device operates with a single 
+5V power supply. The three chip select inputs are programmable. Any combination 
of active high or low level chip select inputs can be defined and desired chip select 
code is fixed during the masking process. 

FEATURES Access Time 450 ns Max 
• 1024 Words x 8 Bits Organization 
• Single+5V ±10%Power Supply Voltage 
• Directly TTL-Compatible —All Inputs and Outputs 
• Two Programmable Chip Select Inputs for Easy Memory Expansion 
• Three-State Output — OR-Tie Capability 

• On-Chip Address Fully Decoded 
• Al l Inputs Protected Against Static Charge 
• Direct Replacement for 2308A 
• Available in 24-pin plastic or ceramic packages 

PIN CONFIGURATION A~ [ t za ~cc 

A6 [ 2 23 Ag 

A5 [ 3 22 Ag 

Aa [ a zt NC 

A3 [ 5 20 CSt 
A ~ 

z 
6

µPD 
t9 NC 

At [ 7 
2308A

t8 CSZ 

AO [ 8 17 D~ 

DO [ 9 t6 Dg 

D1 [ 10 15 D5 

Dp [tt to Dq 

GND [ 12 13 D3 

Rev/1 

PIN NAMES 

AO — Ag Address Inputs 
DO — D~ Data Outputs 

CSt — CSp Programmable Chip Select Inputs 
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µ PD2308A 

Ag —y 

Ag —s 

AT —~ 

A6 ~ 

AS _'. 

A4 _'' 

A3 _a.. 

A 2 —► 

Ate 

AO _ i

T
 B

U
F

F
E

R
 

a 
Z 

w 

O 
0 
a 

Dp Dt Dz D3 Dq D5 D6 D~ 

OUTPUT BUFFERS 

V DECODER t of 16 x 6 

C.S. 
DECODE 

CHIP 
SELECT 

~- VCC 

~— GND 

PROG 

CSt
8,192 BIT 

O 
CELL MATRIX CHIP 

U SELECT 

INPUT CSz

BUFFERS 

BLOCK DIAGRAM 

Operating Temperature  -t0°C to+70°C ABSOLUTE MAXIMUM 
Storage Temperature   -65°C to+125°C RATINGS* 
Voltage on Any Pin   -0.5 to+7.0 Volts 

Note: O With Respect to Ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

Ta =-10°C to+70°C; VCC = +5 a 5%unless otherwise noted. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP O MAX 

Input Load Current 
IAII Input Pins) 

ILI +10 yA VIN =VCC 

-10 uA VIN = OV 

Output Leakage Current ILDH +10 uA Chip Deselected, V0= VCC 

Power Su DPIy Current ICC 6Q 85 mA 

Input "Low" Vdtage VIL -0.5 0.8 V 

Input "High" Voltage VIH 2.Q yCC V 

Output "Low" Voltage VDL 0.4 v IOL = 3.2 mA 

Output "High" Voltage VOH +2.4 V IOH = -2Q0 µA 

Nota: ~1~ Typical values or Ta = 25°C and nominal wpDly voltage. 

DC CHARACTERISTICS 
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µ PD2308A 

CAPACITANCE Ta = 25'"C; f = 1 MHz 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TYP MAX 

Input 
Capacitance 

CIN 5 7 pf All Pins Except Pin 
Under Test Tied to AC 
Ground 

Output 
Capacitance 

COUT 7 10 pf All Pins Except Pin 
Under Test Tied to AC 
Ground 

AC CHARACTERISTICS Ta =-10°Cto+70°C;VCC=+5V±5%unless otherwise specified. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN T~rpQ MAX 

Address to Output 
Delay Time 

tq 350 450 ns tT = tr = tf = 20 ns 

V 1 V, 2.2V ref in 

Vref out' 0.8V, 2V 

Output LOAD = 1 TTL 
GATE 

CL = 100 pf 

Chip Select to Output 
Enable Delay Time 

tC0 120 ns 

Chip Deselect to Output 
Data Float Delay 
Time 

tpF 10 100 ns 

Previous Data Valid 
After Address 
Change 

tpH 20 ns 

Note: ~(1  Ta = 25°C; VCC =+5V 

TIMING WAVEFORMS 
ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

DATA 
OUTPUT 

IA 

vOH ~ //// //////// 

j! /~j////// /// 
COL 

HIGH 
IMPEDANCE•
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fc PD2308A 

A 

n~ n 

- pL~ ~ C i-.--` 

 E 

A 

I
I

I 

, G 

F 

IJ 

Plastic 

ITEM MILLIMETERS INCHES 

A 33 MAX 1.3 MAX 

B 2.53 0.1 

C 2.54 0.1 

D 0.5±0.1 0.02±0.004 

E 27.94 1.1 

F 1.5 0.059 

G 2.54 MIN 0.1 MIN 

H 0.5 MIN 0.02 MIN 

I 5.22 MAX 0.205 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.6 

L 13.2 0.55 MAX. 

M 0.25 
`0.10 
- 0.05 

0.01 
+0'004 
- 0.0019 

H  

~ E~~~ ~~ ! ~ ~~~ ~~ 
e~ Fy i-I C Ff►IF~-D 

  E ~-+ 

J 

r 
 K 

M ~r-E p.1 p° 

Ceramic 

ITEM MILLIMETERS INCHES 

A 30.78 MAX. 1.23 MAX. 
6 1.53 MAX. 0.07 MAX. 
C 2.54t0.i 0.10 0.004 
D 0.46~O.S 0.018 0.03 
E 27.94 ~ 0.1 _ 1.10 ' 0.004 
F 1.02 MIN. 0.04 MIN. 

G 3.2 MIN. 0.125 MIN. 
H 1.02 MIN. 0.04 MIN. 

I 3.23 MAX. 0.13 MAX. 
J 4.25 MAX. 0.17 MAX. 
K 15.24 TVP. 0.60 TYP. 
L 14.93 TYP. 0.59 TYP. 
M 0.25.0.05 0.010 ~ 0.002 

PACKAGE OUTLINES 
µPD2308AC 

µPD2308A D 

2308A DS-REV 1-12-80-CAT 
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NBC 
NEC Microcomputers, Inc. µPD2316E 

µPD2316E-1 

FULLY DECODED 16,384 BIT MASK 
PROGRAMMABLE READ ONLY MEMORY 

DESCR IPTION The NECµPD2316E is a high speed 16,384 bit mask programmable Read Only Memory 
organized as 2048 words by 8 bits. The µPD2316E is fabricated with N-channel MOS 
technology. 

The inputs and outputs are fully TTL compatible. The device operates with a single +5V 
power supply. The three chip select inputs are programmable. Any combination of 
active high or low level chip select inputs can be defined and desired chip select code is 
fixed during the masking process. 

F EATU R ES High Speed —Access Times: µPD2316E — 450 ns 
µPD2316E-1 — 350 ns 

• 2048 Words x 8 Bits Organization 
• Single +5V ±10% Power Supply Voltage 
• Directly TTL Compatible — All Inputs and Outputs 
• Three Programmable Chip Select Inputs for Easy Memory Expansion 
• Three-State Output — OR-Tie Capability 
• On-Chip Address Fully Decoded 
• All Inputs Protected Against Static Charge 
• Direct Replacement for 2316E 
• Available in 24-pin plastic or ceramic dual-in-line packages 

PIN CONFIGURATION A7 

A6 

A5 

Aq 

A3 

A2 

Al 

AO 

DO 

D1 

D2 

GND 

2316E 

24 

23 

22 

21 

20 

19 

t8 

17 

16 

15 

14 

13 

ACC 

Ag 

Ag 

CS3 

CS1 

A10 

CS2 

D7 

Dg 

D5 

D4 

D3 

PIN NAMES 

Ap — A10 Address Inputs 

DO — D7 Data Outputs 

CS1 — CS3 Programmable Chip Select Inputs 

R ev/ 1 
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µ PD2316E 
Dp D1 Dp p3 Dq O6 Dg D~ 

~- VCC 

N 

,u

i f f f f f f t , ~ GND 

OUTPUT BUFFERS 
C.S. 

DECODE 
A10 ~ 

Ag —y" 

V DECODER 1 of 16 z 8 
A8 _~. 

CHIP 
A ~ —~.' 

m 
r 

z 

SELECT 

PROG. 
Ag -~ 

A6 ~-

Aq 
C51

O 16,384 BIT 
A3 Q 

O 
CELL MATRIX CHIP 

AZ —~-
SELECT 
INPUT ~ CSz

BUFFERS 
Al 

.~— CS3AO _~ 

BLOCK DIAGRAM 

Operating Temperature   —70°C to+70°C ABSOLUTEMAXIMUM 
StorageTemperature   —65°C to+125°C RATINGS*
Voltage on Any Pin   —0.5 to +7.0 Volts Q 

Note: O With Respect to Ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

7e = -10°C to +)0°C; VCS _ +5V : t0%unless otherwise noted. 

PARAMETER SVM80L 

LIMITS 

UNIT TEST CONDITIONS MIN TVP O MAX 

Input Load Current 
(All Input Pinsl 

ILI +10 µA VIN' VCC 

-10 µA VIN = OV 

Output Leakage Current ILOH +10 µA Chip Deselected, VO =VCC 

Power Supply Current ICC 60 86 mA 

Input"Low"Voltage VIL -0.5 0.8 V 

Input"High"Voltage VIH 2.0 VCC V 

Output "Low' Voltage VOL 0.4 v IOC = 3.2 mA 

Output "High" Voltage VOH +2.4 v IOH = —200 µA 

Note: O1  Typical values or Te = 25°C and nominal wpPly voltage. 

DC CHARACTERISTICS 

~~~ 



µ PD2316E 
CAPACITANCE Ta = 25'"C; f = 1 MHz 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TYP MAX 

Input 
Capacitance 

CIN 5 7 pf All Pins Except Pin 
Under Test Tied to AC 
Ground 

Output 
Capacitance 

COUT 7 10 pf All Pins Except Pin 
Under Test Tied to AC 
Ground 

AC CHARACTERISTICS 

TIMING WAVEFORMS 

Ta = -10- C to *70`C, VCC =+5V ~ 10%;unless othe e specified. 

PARAMETER SVMBOL 

LIMITS 

UNIT TEST CONDITION$ 

µPD2316E µPD2316E-1 

MIN. MAX. MIN. MAX. 

Address to Output Delay Time igCC 450 350 ns tT = tr' tt' 20 ns 

CL = 700 pF 

Loatl = ITTL gate 

V Iry = 0.6 to 2V 

Vret Input = 1.5V 

V ref Output = 0.45/2.2V 

Chip $elect to Output Enable Delay Time [CO 150 150 ns 

Chip Deselect to Output Data Float Delay Time tpF 0 150 100 ns 

Output Hold Time tpH 20 20 ns 

ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

1 
to

VOH ~ ///~//// 

OUTPUT j~/~/~j
///////!//

VOL 

tC0 ~ IDF 

HIGH ' 
IMPEDANCE' 
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fc P D2316E 

A 

H1,-~ .--. ,~ 

- }~il~ B f~-

r 

- ;- -

~i.--~ r-~ ~ -. ~.--~~/-

i i G 

D~~C  
~ 

F 
E 

~ - IJ 

(Plartic) 

ITEM MILLIMETERS INCHES 

A 33 MAX 1.3 MAX 

B 2.53 0.1 

C 2.54 0.1 

D 0.5±0.1 0.02 0.004 

E 27.94 1.1 

F 1.5 0.059 

G 2.54 MIN 0.1 MIN 

H 0.5 MIN 0.02 MIN 

I 5.22 MAX 0.205 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.6 

L 13.2 0.55 MAX. 

M 0.25 
+0.10 
-0.05 

0.01 
+0.004 
- 0.0019 

A  r~  
~.~"'t. ."'~~' I  J

  E 

(Ceramic) 

K 

L 

M ~~ 

ITEM MILLIMETERS INCHES 

A 30.78 MAX. 1.23 MAX. 
B 1.53 MAX. 0.07 MAX. 
C 2.54 ± 0.1 0.10 ± 0.004 
D 0.46±0.8 0.018±0.03 
E 27.94 ± 0.1 1 .10 ± 0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.125 MIN. 
H 1.02 MIN. 0.04 MIN. 
I 3.23 MAX. 0.13 MAX. 
J 4.25 MAX. 0.17 MAX. 
K 15.24 TYP. 0.60 TYP. 
L 14.93 TYP. 0.59 TYP. 
M 0.25 ± 0.05 0.010 ± 0.002 

PACKAGE OUTLINE 
µPD2316EC 

µPD2316ED 
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NEC Microcomputers, Inc. 
NJ~C 

µ PD2332A 
µ PD2332A-1 
µ PD23326 
µ, PD2332B-1 

FULLY DECODED 32,768 BIT MASK 
PROGRAMMABLE READ ONLY MEMORY 

DESCR IPTION The NEC µPD2332A/B is a Fully Decoded 32,768 Bit Mask Programmable Read-Only 
Memory organized as 4,096 Words by 8 Bits. The µPD2332A/8 has two chip select 
inputs and the combination of "High"/"Low" levels of these inputs is mask -
programmable. 

The µPD2332A/B is fabricated with sophisticated N-channel MOS technology and 
features high speed and TTL compatibility for simple interface with bipolar circuits. 

FEATURES • 4096 Words x 8 Bits Organization 
• Directly TTL Compatible — All Inputs and Outputs 
• Fully Static (No Clock or Refresh Required) 
• Single +5V Power Supply 
• High Speed — Access Times: µPD2332A/B — 450 ns 

µPD2332A/B-1 — 350 ns 
• Three-State Output — OR-Tie Capability 
• Two Programmable Chip Select Inputs for Easy Memory Expansion 
• Available in Either JEDEC Pinout: µPD2332A or µPD23326 
• N-Channel MOS Technology 
• Available in 24 Pin Plastic or Ceramic Dual-in-Line Package 

PIN CONFIGURATIONS 

A 

3 

A 

A 

A 

DO 

D1 

D2 

GND 

za 

23 

22 

21 

20 

µPD t9 
2332A 16 

17 

16 

15 

14 

13 

PIN NAMES 

cc 
A$

A9

CS2

CS1

A10 

11 

D7 

Dg 

D5 

Dq 

D3 

A~ — A l i Address I nputs 

Dp— D7 Data Outputs 

CS1 — CS2 Programmable Chip Select Inputs 

A 

A 

DO 

D1 

D2 

GND 

23326 

za 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

cc 
A$

9 

A11 

CS1

'410 
cs2

D7 

Dg 

D5 

Dq 

D3 

When ordering the µPD2332A/B, specify a chip 
select combination of CS 1 and CS2 from the 
following. 

CS2 CSi

0 0 

0 1 

1 0 

1 1 

Rev/2 
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µ PD2332A/B 
A11 

Al

A'4 

A 

A 

AT

A10 

A
 D

D
R

E
S

S
 I

N
V

U
T

 B
U

F
F

E
R

S
 

V
 D

E
C

O
D

E
R

 
X

-D
E

C
O

D
E

R
 

Dp Dl D2 D3 Dy D5 Dg D7 

OUTPUT BUFFERS 

~~~~~±~~ 

V~SELECTOR 

~~~~~~~ 

CELL MATRIX 

32,768 BIT 

C.S. 
DECODE 

~r♦ 

CHIP 
SELECT 
PROG. 

~~ 

CHIP 
SELECT 
INPUT 

BUFFERS 

~_ 
VCC 

~ GND 

CSt

C52

BLOCK DIAGRAM 

Operating Temperature   -10°C to+70°C ABSOLUTE MAXI~9UM 
Storage Temperature   -65°C to +125°C RATINGS 
Supply Voltage On Any Pin   -0.5 to +7.0 Volts 

Note: ~ With Respect to Ground 
COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

'Ta = 25°C 

Ta =-10°C to +70°C; VCC =+5V 3170%; unless otherwise specified 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CON DITIONS MIN. TVP.~ MAX. 

Input Load Current 
(All Input Pins) 

I LI 10 µA VIN=0to +5.SV 

Output leakage Current ILOH +10 µA CS = 2.2V (Deselected) VOUT =VCC 

Output Leakage Current ILOL -10 µA C5=2.2V IDeselectedl VOUT=OV 

Power Supply Current ICC 60 90 mA All inputs 5.25V Data Out Open 

Input "Low" Voltage VIL -0.5 0.8 V 

Input"High"Voltage VIH 2.0 VCC +I.OV V 

Output "LOW" Voltage VOL 0.40 V 3.2 mA 

Output "Hi~1" Voltage VOH 2.4 V _200 uA 

Note: Q7 Typical Values for Ta = 25°C and nominal suDPly voltages. 

122 

T„ = 25°C; f = 1 MHz 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS MIN. TVP. MAX. 

Input Capaci[ance CIN 10 pF All Pins Except Pin Under 
Test Tied to AC Ground 

Output Capacitance COUT 15 pE 
All Pins Except Pin Under 
Test Tied to AC Ground 

Ta = -10°C to +70°C, VCC =+5V a 10%;unless otherwise specified 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS 

µPD2332A/B uPD2332A/B~1 

MIN. MAX. MIN. MAX. 

Address to Output Delay Time tgCC 450 350 ns t7 = tr = tl = 20 ns 

CL = 100 pF 

Loatl = ITTL gate 

VIN =0.8 to 2V 
V ref I^Dut = 1.5V 

V ref Output =0.45/2.2V 

Chip Sele<[ ro Output Enable Delay Time t0O 150 150 ns 

Chip Deselect to Output Oata Float Delay Time tDF 0 150 100 ns ~ 

Output Hold Tlme tpH 20 20 ns 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 



µ PD2332A/B 
TIMING WAVEFORMS 

PACKAGE OUTLINE 
µPD2332G 

µPD2332AC 
µPD2332BC 

µPD2332D 
µPD2332A D 
µPD2332BD 

ADDRESS 

RROGRAMMABLE 
CHID SELECTS 

~oR ~ //// /////// 
DATA 

j////!////////
OUTVUT IMPEDANCE 

COL 

A 

cA

~~n 

D~~ C
 E 

Plastic 

ITEM MILLIMETERS INCHES 

A 33 MA% 1.3 MA% 

B 253 0.1 

C 2.54 0.1 

D 0.5 ~ 0.1 0.02'- 0.004 

E 27.94 1.1 

F 1.5 0.059 

G 2.54 MIN 0.1 MIN 

H 0.5 MIN 0.02 MIN 

I 5.22 MAX 0.105 MA% 

J 5.72 MA% 0.225 MA% 

K 15.24 0.6 

L 13.2 0.55 MAX 

10.10 +0.004 
M 0.25 

_0.05 
0.01 

_0.0019 

A 

i - IJ 
~ I L

nib -. /~~ ~I - \I~  1 

G 
~ 

F 

- .l~l: 

F 

i ~; I 
I J 

K 

L 

- -;•I C l+~l Fes- p I ~ -il ~- 0-10° M'~'~r'-

 E J 
Ceramic 

ITEM MILLIMETERS INCHES 

A 30.78 MAX. 1.23 MAX, 

B 1.53 MAX. 0.07 MAX. 
C 2.54±0.1 0.10±0.004 
D 0.46±0.8 0.018±0.03 
E 27.94±0.1 1.10±0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0,125 MIN. 
H 1.02 MIN. 0.04 MIN. 
I 3.23 MAX. 0.13 MAX. 
J 4.25 MAX. 0.17 MAX. 
K 15.24 TYP. 0.60 TVP. 
L 14.93 TVP. 0.59 TYP, 
M 0.25 ± 0.05 0.010 ± 0.002 

2332DS-R EV2-10-80-CAT 

123 



NOTES 

124 



NEC Microcomputers, Inc.. 
NBC 

µ P D2364 

FULLY DECODED 65,536 BIT MASK 
PROGRAMMABLE READ ONLY MEMORY 

DESCR IPTION The NEC µPD2364 is a high-speed 65,536 bit mask programmable Read Only Memory 
organized as 8,192 words by 8 bits. The µPD2364 is fabricated with N-channel MOS 
technology. 

The inputs and outputs are fully TTL compatible. This device operates with a single 
+5V power supply. The chip select input is programmable. Any combination of active 
high or low level chip select inputs can be defined and the desired chip select code is 
fixed during the masking process. 

F EATU RES 8,192 Words x 8~Bits Organization 
• Directly TTL Compatible — All Inputs and Outputs 
• Single +5V Power Supply 
• High Speed — Access Time 450 ns Max. 
• Three-State Output — OR-Tie Capability 
• One Programmable Chip Select Input for Easy Memory Expansion 
• On-Chip Address Fully Decoded 
• All Inputs Protected Against Static Charge 
• Pin Compatible with MK36000 
• Available in 24 Pin Ceramic or Plastic Dual-in-Line Package 

PIN CONFIGURATION A~ 

A6 

A5 

Aq 

Az 

A2 

Al 

AO 

01 

OZ 

03 

GND 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

ACC 

Ag 

Ag 

Al2 

CS 

A10 

A11 

Og 

O~ 

Og 

05 

Oq 

PIN NAMES 

AO —Al2 Address lnputs 

01 — Og Data Outputs 

CS Programmable Chip Select Input 

Rev/2 
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µ PD2364 

A72 —+ 

AO ~ 

Al —~ 

AZ ~s 

A3 —~ 

Ae —~ 

A$ ~ 

Afi ~ 

AT ~ 

Ag —a.. 

Ag —+ 

A10 

A11 _~ 

m 

2 

[C 

Q 

V
 D
E
C
O
D
E
 

01 oz o3 0, os 06 0, oB

OUTPUT BUFFERS 

V~SE LECTOR 

CELL MATRIx 
1919] . 61 

C.¢. 
DECODE 

CHIP 
SELECT 
PROG. 

CHIP 
SELECT 
INPUT 
BUFFERS 

~— vcc 
f— GND 

~— CS 

BLOCK DIAGRAM 

Operating Temperature   -10°C to+70°C ABSOLUTE MAXIMUM 

Storage Temperature   -65°C to+150°C RATINGS*

Supply Voltage On Any Pin   -0.5 to +7.0 Volts Q 

Note: O1 Nith Respect to Ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absdute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25°C 

Ta = —10°C to +70°C, VCC = +5V ± 10%, unless otherwise specified. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVPQ MA% 

Input Load Current 
(All Input Pins) ILt 

+10 µA VIN' VCC 
—70 µA VIN = OV 

Output Leakage Current ILOH +t0 µA Chip Deselected, VO =VCC 
Output Leakage Current ILOL —t0 uA Chip Deselected, VO = OV 

Poser Supply Current ICC 80 740 mA 

Input"Low'Voltage VIL —0.5 0.8 V 

Input"High"Voltage VIH 2.0 VCC+I.OV V 

Output "Low" Voltage VOL 0.45 V IOL = 2.1 mA 

Output "High" Voltage VOH 2.2 V IpH =-400µA 

Nob: O  Typical Values for Ta = 25°C and nominal suDDly voltages. 

DC CHARACTERISTICS 
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µ PD2364 
CAPACITANCE Ta = 25°C; f = 1 MHz 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TYP MAX 

Input Capacitance C1N 10 pF All Pins Except Pin Under 
Test Tied to AC Ground 

Output Capacitance COUT 15 pF All Pins Except Pin Under 
Test Tied to AC Ground 

AC CHARACTERISTICS Ta =-10°Cto+70°C,VCC=+5Vt10%unless otherwise specified, 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Address to Output 
Delay Time 

tq 450 ns tT = tr = tf = 20 nz 

CL = 700 pF 

Load = ITTL gate 

VIN = 0.8 to 2V 

Vref Input = 1.5V 

Vref Output = 0.8 to 2.OV 

Chip Select to Output 
Enable Delay Time 

tC0 150 ns 

Chip Deselect to Output 
Da[a Float Delay Time 

tpp 0 150 ns 

Output Hold Time tpH 20 ns 

TIMING WAVEFORMS 

PROGRAMMABLE 

CHIP SELECTS 

to 

OUTPUT 

VOL 

j////j/ M 
E!I!%/

~27 



fc PD2364 

A 

~ i i--. 

~~ -~+ C ~-
E 

(PLASTIC) 

ITEM MILLIMETERS INCHES 

A 33 MAX. 1.3 MAX. 
B 2.53 MAX. 0.1 MAX. 
C 2.54 ± 0.1 0.1 ± 0.004 
D 0.5±0.1 0.02±0.004 
E 27.94 ± 0.1 1.1 ± 0.004 
F 1.5 MIN. 0.059 MIN. 
G 2.54 MIN. 0.1 MIN. 
H 0.5 MIN. 0.02 MIN. 
I 5.22 MAX. 0.205 MAX. 
J 5.72 MAX. 0.225 MAX. 
K 15.24 TYP. 0.6 TYP. 
L 13.2 TYP. 0.52 TYP. 

M 0.25 
+0.10 
-0.05 

0.01 
+0.004 
-0.0019 

PACKAGE OUTLINE 
µPD2364C 

µPD2364D 

A 

 K 

L 

H 
1 

l ' ~^~~~~~~ 
i - 

t~~ 
- - I JG ~ 

-..ICI._-~II~-D I~,, -►1 ~ - 0-10' M->•-1~ 

E ■ 

(CERAMIC) 

ITEM MILLIMETERS INCHES 

A 30.78 MAX. 1.21 MAX. 
B 1.53 MAX. 0.06 MAX. 
C 2.54±0.1 0.10±0.004 
D 0.46±0.8 0.018±0.03 
E 27.94±0.1 1.10±0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13 MIN. 
H 1.02 MIN. 0.04 MIN. 
I 3.23 MAX. 0.13 MAX. 
J 4.25 MAX. 0.17 MAX. 
K 15.24 TYP, 0.60 TYP. 
L 14.93 TYP. 0.59 TYP. 
M 0.25±0.05 0.010±0.002 
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NEC Microcomputers, Inc. 
NBC 

µ PD23128 

~~~~Q~ ~ _ ~.~s~~ 
FULLY DECODED 128K BIT MASK 
PROGRAMMABLE READ ONLY MEMORY 

DESCRI PTION The NEC µPD23128 is a high speed 128K bit mask programmable Read Only Memory 
organized as 16,384 wards by 8 bits. The µPD23128 is fabricated with N-channel 
MOS technology. 

The inputs and outputs are fully TTL compatible. This device operates with a single 
+5V power supply. The chip select input is programmable. An active high or low level 
chip select input can be defined and is fixed during the masking process. 

F EATU RES • 16,384 Words x 8 Bits Organization 
• Directly TTL Compatible — All Inputs and Outputs 
• Single +5V Power Supply 
• High Speed — Access Time 250 ns Max. 
• Three-State Output — OR-Tie Capability 
• One Programmable Chip Select Input for Easy Memory Expansion 
• On-Chip Address Fully Decoded 
• All Inputs Protected Against Static Charge 
• Pin Compatible with 2764 
• Available in 28 Pin Ceramic or Plastic Dual-in-Line Package 

PIN CONFIGURATION NC 

Al2 

A7 

A6 

A5 

Aq 

Az 

A2 

Al 

AO 

01 

02 

03 

GND 

10 

11 

12 

13 

14 

23128 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

i6 

15 

uCC 

CS 

A13 

Ag 

Ag 

A11 

OD 

A10 

CE 

Og 

07 

Og 

05 

Oq 

PIN NAMES 

Ap— At3 Address Inputs 

01 — Og Data Outputs 

CS Programmable Chip Select 

OD Output Disable 

CE Chip Enable 

Rev/1 
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µ PD23128 

A13 ~ 

Al2 ~ 

AO ~ 

A l  —y 

A2 --'~ 

A3 ~~ 

Aa —~ 

AS ti

A6 —i 

A~ —~. 

AB ~ 

Ag —+ 

A10 ~ 

A11 ~ 

fC 

2 

a 

O 
O 
U 

x

 

oEcooEa 

01 02 03 Oy OS Og OT Og 

i f f f f f f f
OUTPUT BUFFERS 

} 

Y-SELECTOR 

CELL MATRIX 

18192 x al 

C.S. 

DECODE 

CHIP 

SELECT 

PR OG 

CHIP 
SELECT 

INPUT 

BUFFERS 

~ VCC 

f— GND 

~— CS 

f— OD 

~ CE 

BLOCK DIAGRAM 

Operating Temperature   -10°C to+70°C ABSOLUTE MAXIMUM 

Storage Temperature   -65°C to+150°C RATINGS* 
Supply Voltage On Any Pin .     -0.5 to +7.0 Volts Q 

Note: (1 ) With Respect to Ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

rel iabil icy. 

*Ta = 25°C 

Ta = —10°C to +70°C, VCC = +5V ~ 7 0%,unless otherwise specified. 

PARAMETER SVM BOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP Q MAX 

Input Load Curren[ 
(All Input Pins) ILI 

+10 µA VIN =VCC 
_10 µA VIN = OV 

Output Leakage Current ILOH +70 µA Chip Deselected, V0= VCC 
Output Leakage Current ILOL —10 µA Chip Deselected, Vp = OV 

Po~+er Supply Current ICC 100 mA 

Input"Low"Voltage VIL —0.5 0.8 V 

Input"High"Voltage VIH 2.0 VCC+I.OV V 

Output"Low"Voltage VpL 0.45 V IOL=2.1 mA 

Output "High" Voltage VOH 22 V IOH =-400µA 

Note: C1~ Typical .Valu es for Ta = 25°C and nominal wpply voltages. 

DC CHARACTERISTICS 
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µ P D23128 

CAPACITANCE Ta = 25°C; f = 1 MHz 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Input Capacitance CIN 10 pF All Pins Except Pin Under 
Test Tied to AC Ground 

Output Capacitance COUT 15 pF All Pins Except Pin Under 
Test Tied to AC Ground 

AC CHARACTERISTICS 
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Cycle Time tCYC 350 ns 

Address Setup Time 
Referenced to CE 

tqg 0 ns 

Address Hold Time 
Referenced to CE 

tAH 50 ns 

CEPulse Width tpE 250 ns 

OD Pulse Width tpp 120 ns 

Access Time tgpp 250 ns tqg = 0 ns 

~ Precharge Time tpp 100 ns 

Output Turn-0ff Delay tpF 0 70 ns 

TIMING WAVEFORMS 
AO 12 

CS 

CE 

OD 

OUTPUT 

tqg ~w 

r.—~ 

tAH 

tCyC 

tCE 

r.. tpp _i 

tACC 

~- tCC 'y" 

tDF 
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fc PD23128 

A 

B~ 
J 

F -~ C 
 E 

A 

Plastic 

ITEM MILLIMETERS INCHES 

A 33 MAX. 1.3 MAX. 
8 2.53 MAX. 0.1 MAX. 
C 2.54 ± 0.1 0.1 ± 0.004 
D 0.5 ± 0.1 0.02 ± 0.004 

E 27.94 ± 0.1 1.1 ± 0.004 
F 1.5 MIN. 0.059 MIN. 
G 2.54 MIN. 0.1 MIN. 

H 0.5 MIN. 0.02 MIN. 
I 5.22 MAX. 0.205 MAX. 
J 5.72 MAX. 0.225 MAX. 
K 15,24 TYP. 0.6 TYP. 
L 13.2 TYP. 0.52 TYP. 

M 
+0.10 

0.25 
-0.05 

+0.004 
0'01 

_0.0019 

~~ - -

~~ ~ c ~E 

tit! t~ t ~t~~~jt~i 

~~ 
D 

 r j 
i

_~ 

K 

Ceramic 

L 

15` 

ITEM MILLIMETERS INCHES 

A 30.78 MAX. 1,21 MAX. 
B 1.53 MAX. 0.06 MAX. 
C 2.54±0.1 0.10±0.004 
D 0.46'±0.8 0.018±0.03 
E 27.94 ± 0.1 1.10 ± 0.004 
F 1.02 MIN. 0.04 MIN. 

G 3.2 MIN. 0.13 MIN. 
H 1.02 MIN. 0.04 MIN. 
I 3.23 MAX. 0.13 MAX. 
J 4.25 MAX. 0.17 MAX. 
K 15.24 TYP. 0.60 TVP, 
L 14.93 TYP. 0.59 TYP. 
M 0.25 ± 0.05 0.010 ± 0.002 

PACKAGE OUTLINE 

µPD23128C 

µPD23128D 
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NEC Microcomputers, Inc. 

4096-BIT BIPOLAR TTL 
PROGRAMMABLE 
READ ONLY MEMORY 

NBC 
µPB406 µP6426 
µP6406-1 µP6426-1 
µP6406-2 µP6426-2 

DESCRIPTION The µP6406 and µP6426 are high-speed, electrically programmable, fully-decoded 
4096-bit TTL read-only memories. On-chip address decoding, two chip-enable inputs 
and open-collector/three-state outputs allow easy expansion of memory capacity. The 
µP6406 and µP6426 are fabricated with logic level zero (low); logic level one (high) 
can be electrically programmed into the selected bit locations. The same address 
inputs are used for both programming and reading. 

FEATURES 1024 WORD X 4 BIT Organization (Fully Decoded) 

• TTL Interface 

• Fast Read Access Time: 50 ns max. (µP6406-2,µP6426-21 

• Medium Power Consumption: 500 mW TYP, 

• Two Chip Select Inputs for Memory Expansion 

• Open-Collector Output (µP84061/Three-State Outputs 
(µP6426) 

• Ceramic and Plastic 18-Lead Dual In-Line Packages 

• Fast Programming Time: 200 µs/bit TYP. 

• Compatibility with: HPROM HM-7642/7643 type and Equivalent Devices 
(as a ROM) 

• A.I.M. (Avalanche Induced Migration) Technology 

PIN CONFIGURATION A6[ 1 v 81  ]VCC 

A5[ 2 17 ] A7 

A4[ 3 16 ] A8 

A3~ 4 µP8 15 ~ q9

AO C 5 
426/ 

14' 01

A1 [ 6 13]02 

A2 [ 7 12 ] 03

cs1 [ s 11 ] 04
GND[ 9 10 ]CS2 

PIN NAMES 

AO-Ag Address Inputs 

01-Oq Data Outputs 

CS1, CS2 Chip Selects 

VCC Power (+5V) 

GND Ground 

Rev/1 

133 



µP6406 /426 
Programming 

A logic one can be permanently programmed into a selected bit location by using 
special equipment (programmer). First, the desired word is selected by the ten address 
inputs in TTL levels. Either or both of the two chip select inputs must be at a logic 
one (high). Secondly, a train of high current programming pulses is applied to the 

desired output. After the sensed voltage indicates that the selected bit is in the logic 

one state, an additional pulse train is applied, then is stopped. 

Reading 

To read the memory, both of ih2 two chip select inputs should be held at logic zero 

(low). The outputs then correspond to the data programmed in the selected words. 
When either or both of the two chip select inputs are at logic one (high), all the 
outputs will be high (floating). 

4096 BIT 

(64X64) 
MEMORY CELLS 

ARRAY 

~ORD DECODER 

ADDRESS BUFFER 

AO A~ A2 A3 A4 A5 

C_

E~ 

C7 

■~ 

MULTIPLEXER 

II II II II 

MULTIPLEXER 

OUTPUT 
BUFFER 

II II II II 

MULTIPLEXER 

OUTPUT  
BUFFER 

11 11 I[ II 

MULTIPLEXER 

 Oot

OUTPUT  
BUFFER 

OUTPUT  
BUFFER 

ADDRESS CHIP 
BUFFER SELECT 

A6 A7 AB Ag CS1 CSZ 

Q 02 

O Og 

Q Oq

Operating Temperature   - 25°C to +75°C 
Storage Temperature   -65°C to +150°C 
All Output Voltages   -0.5 to +5.5 Volts 
All Input Voltages   -0.5 to +5.5 Volts 
Supply Voltage VCC   -0.5 to +7.0 Volts 
Output Currents   50 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Ta = 25°C 

OPERATION 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS' 
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µP64061426 

PROGRAMMING It is imperative that this specification be rigorously observed in order to correctly pro• 

SPECIFICATION gram the µP6406 and µP6426. NEC will not accept responsibility for any device 
found to be defective if it were not programmed according to this specification. 

A typical programming operation is performed by first sensing, then programming, 
then sensing again to see if the word to be programmed has reached the desired 
state. Either or both of the two chip enable inputs must be at a logic one (high). 

Sensing is accomplished by forcing a 20 mA current into the selected location via the 
output. The sense measurement is to ensure that the voltage required to force this 
20 mA current is less than the reference voltage. If this condition is satisfied, then 
that bit location is in the logic "1" (high) state. 

Programming is accomplished by forcing a 200 mA current into the selected bit via the 
output. This current pulse is applied for 7.5µs and then the location is sensed before 
a second programming current pulse is applied. This process is continued until that 
location is altered to the "1" state. A bit is judged to be programmed when two 
successive sense readings 10µs apart with no intervening programming pulse pass the 
limit. When this condition has been met, four additional pulses are applied, then the 
sense current is terminated. 

CHARACTERISTIC LIMIT UNIT NOTES 

Ambient Temperature 25 ± 5 ° C 

Programming Pulse 
Amplitude 200 ± 5% mA 
Clamp Voltage 28 + 0% - 2% V 
Ramp Rate (both in Rise 
and in Fall) 70 MAX. V/µs 

Pulse Width 7.5 ± 5% µs 15V point/ 
15052 load. 

Duty Cycle 70%MIN. 

Sense Current 

Amplitude 20 ± 0.5 mA 

Clamp Voltage 28 + 0% - 2% V 

Ramp Rate 70 MAX. V/µs 15V point/ 
15052 load. 

Sense Current Interruption 

before and after address 
change 10 MIN. µs 

Programming VCC 5.0 + 5% - 0% V 

Maximum Sensed Voltage 
for programmed "1" 7.0 ± 0.1 V 

Delay from trailing edge of 
programming pulse before 
sensing output voltage 0.7 MIN. µs 

Additional Pulse Train 
.-~.~~. 

7.5µ5~~ '~ 
I 

10 µs 
0.7 µs MIN.—y - --10µs 

I 

Output Voltage Sensing 

--28V Clamp 

---- --200 mA Program Pulse 

— ---- 100 mA Point 

—_----20 mA Sensing (Before PI 
~.'~7.OV Ref. 

`20 mA Sensing (After P) 

~`GND 

Figure 2 —Typical Output Voltage Waveform 
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µP64061426 
Ta = 0° C to +75° C, VCC = 4.75 V to 5.25 V 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN. TYP. MAX. 

Input High Voltage VIH 2.0 V 

Input Low Voltage VIL 0.8 V 

Input High Current IIL 40 µA VI = 2.7V 

Input Low Current -I IL 0.5 mA VI=0.4V 

Output Low Voltage VOL 0.45 V 10 = 16 mA 

Output Leaka{p Current IOFF1 40 µA VO = 5.25V 

Output Leakage Current -IOFF2 40 µA VO = 0.4V 

Input Clamp Voltage -V IC 1.3 V I I = -12 mA 

Power Supply Curren~~tl1 ICC 100 150 mA All Inputs Grounded 

Output High Voltage✓ VOH 2.4 V 10 = -2.4 mA 

Output Short Circuit Current -ISC 15 60 mA VO = OV 

NOTE: Ot Applicable to µP6426 only. 

Ta = 25°C, f = 1 MHz, VCC = 5V, VIN = 2.5V 

CHARACTERISTICS SYiVIBOL MIN MAX UNIT 

Input Capacitance CIN 8 pF 

Output Capacitance COUT 10 pF 

Ta = 0'C to +75~C, VCC = q.75V to 5.25V 

PARAMETER 6VMBOL 
µP8406/426 µP8406/428-1 µP8406/426-2 

UNIT TEST CONDITIONS 
MIN MAX MIN MAX MIN MAX 

Atltlress Attess Time tqq ]0 60 50 ns 

01  02 03 Q4Chip Select Access Time tgCB 45 40 30 ns 

Chip Select Disable Time tOCS 45 40 30 ns 

VCC 

300n 

CL T 30 pF 

/~7 

600n 

Figure 1 

OI IDUTI 

Notes: Ol  Output Loatl: See Figure 1. 

O2  Input Waveform: O.OV for low level antl 3.DV for high level, less than 10 ns far both rise and tall times. 

O Measurement References: 1.5V for bosh inputs and outputs. 

® CL in Figure 1 includes iig and probe stray capacitances. 

CERDIP 

:t ] r... 

06MW. 
4.re M~11 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTER ISTICS 

PACKAGE OUTLINE 
µP8406/426D 
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NEC Microcomputers, Inc. 

2048 WORD BY 8 BIT BIPOLAR TTL 
PROGRAMMABLE READ ONLY MEMORY 

NBC 
ftP6409 
N.PB429 
~,P6409-1 
~,cP6429-1 
fi,P6409-2 
~.PB429-2 

DESCRIPTION The µP6409 and µP6429 are high-speed, electrically programmable, fully-decoded 
16384 bit TTL read only memories. On-chip address decoding, three chip enable 
inputs and open-collector/three-state outputs allow easy expansion of memory 
capacity. The µP6409 and µP6429 are fabricated with logic level zero (low); logic 
level one (high) can be electrically programmed into the selected bit locations. The 
same address inputs are used for both programming and reading. 

FEATURES 2048 WORDS x 8 BITS Organization (Fully Decoded) 
• TTL Interface 
• Fast Read Access Time :50 ns MAX 
• Medium Power Consumption :500 mW TYP 
• Three Chip Enable Inputs for Memory Expansion 
• Open-Collector Outputs (µP8409) 
• Three-State Outputs (µP6429) 
• Ceramic 24-Lead Dual In-Line Package (µP6409D, µPB429D) 
• Plastic 24-Lead Dual In-Line Package (µPB409C, µP6429C) 
• Fast Programming Time :200 µs/bit TYP 
• Replaceable with :825190/191 

HM76160/76161, 3636 
and Equivalent Type Devices 

PIN CONFIGURATION A7 C 1 - za ~cc 
A6 C 2 23 Ag 

A5 3 22 Ag 

A4 4 21 A10 

A3 5 20 CEi 
µP6 

A2 6 
409/ 79 CE2 

Ai 7 429 
78 CE3 

AO 8 17 Og 

Ot C 9 16 07 

02 C 10 15 Og 

03 C it 1a 05 

GND C 12 13 Oq 

PIN NAMES 

AO A10 Address Inputs 

CEt-C E3 Chip Enable Inputs 

Ot-Og Data Outputs 
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,ttPB409/429 
Supply Voltage   -0.5 to +7,OV ABSOLUTE 
Input Voltage   —0.5to+5.5V MAXIMUM RATINGS* 

Output Voltage   -0.5 to +5.5V 
Output Current   50 mA 

Operating Temperature  -25°C to +75°C 
Storage Temperature 

Ceramic Package  -65°C to +150°C 
Plastic Package  -55°C to +125°C 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

Ta =O"C to 75"C, VCC=4.5to5.5V 
CHARACTERISTIC SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input High Voltage VIH 2.0 V 

Input Low Voltage VIL 0.65 V 

Input High Current IIH 40 µA VI=S.SV, VCC=5.5V 

Input Low Current -IIL 0.25 mA VI=0.4V, VCC=5.5V 

Output Low Voltage VpL 0.45 V Ip=16 mA, VCC=4.5V 

Output Leakage Current IOFFt 40 µA V0=5.SV, VCC=5SV 

Output Leakage Currem - IOFF2 40 µA Vp=0.4V, V00=5.5V 

Jnpm Clamp Voltage -V IC 1.3 V II= -16 mA, VCC=4.5V 

Power Supply Current ICC 100 160 mA All inputs Grounded, VCC=5.5V 

Output High Voltage• VOH 2.4 V Ip=-2.4 mA, VCC=4.5V 

Output Snort Circuit Current• -16C 20 70 mA Vp=OV 

•Note: Applicable to µD6429 

Ta = 25°C, f = 1 MHz, VCC = 5V, VAN = 2.5V 

DC CHARACTERISTICS 

CHARACTERISTICS SYMBOL MIN MAX UNIT CAPACITANCE 

Input Capacitance CIN 8 pF 

Output Capacitance COUT 10 pF 

Ta =O° C to 75°C, VCC=4t5 to 5.5V 01 02 03 ® 

CHARACTERISTIC SYMBOL 
µP8409-2, µP84292 µP84091, µP8429/ µP8409, µP8429 

UNIT 

MIN MAX MIN MAX MIN MAX 

Pdtlress Access Time Iqq 50 60 70 ns 

Chi° Enable Access Time tACE 30 40 50 ns 

Chip Enable Disable Time IDCE 30 40 50 ns 

V CC 

30052 

_ CL 

~ 30 pF 

I 

/~7' 

60052 

FIGURE 1 

(DUT) 

NOTES: Q1  Output Loatl: See Fig, t, 
O Input Waveform: O.OV fpr low level and 3.OV for high level, less Nan lOns for both rise and fall times. 

3 Measurement References: 1.5V for both inputs antl outputs. 
Q CL in Fig, 1 inclutles jig and probe stray capacitances. 

AC CHARACTERISTICS 
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~ttPB409/429 

OPERATION You can program only when the outputs are disabled by any one of the chip enable 
inputs. This insures that the output will not be damaged when you apply programming 
voltages. 

Programming 

You can permanently program a logic one into a selected bit location by using special 
equipment (programmer). First, disable the chip as described above. Second, apply a 
train of high-current programming pulses to the desired output. Apply an additional 
pulse train after the sensed voltage indicates that the selected bit is in the logic one 
state. Then, stop the pulse train. 

Reading 

To read the memory, enable the chip (i.e., CE1 = 0, CE2 =CE3 = 1). The outputs then 
correspond to the data programmed into the selected words. When the chip is dis-
abled, all the outputs will be in a high impedance (floating) state. 

LOGIC DIAGRAM 
OUTPUT 

O MULTIPLEXER BUFFER 
01 

I I I I I l I I 
OUTPUT 

~2 
16384 BIT 

MULTIPLEXER 
BUFFER 

~ 

1128 x 128) 
MEMORY CELLS 

ARRAY 

~..~ ~ u u 
i'f i7 1T TT 

i 
OUTPUT 

MULTIPLEXER 
BUFFER 

0 

I I I I I I II 
OUTPUT 

~ ~8 MULTIPLEXER BUFFER 

WORD DECODER 
C E' 

ADDRESSBUFFER 
ADDRESS 
BUFFER 

CHIP 
ENABLE 

d dd ~~dd d ~ ~ ~ b~ b 
AO Al A2 A3 A4 A5 A6 A7 Ag Ag A10 CE1 CE2 CE3 
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µ PB409/429 

It is imperative that this specification be rigorously observed in order to correctly PROGRAMMING 
program the µP6409 and µP8429. NEC will not accept responsibility for any device SPECIFICATION 
found to be defective if it was not programmed according to this specification. 

CHARACTERISTIC LIMIT UNIT NOTES 

Ambient Temperature 25 * 5 °C 

Programming Pulse 
Amplitude 200 ± 5% mA 
Clamp Voltage 28+0%-2% V 
Ramp Rate (Both in Rise and in Fall) 70 MAX V/µs 
Pulse Width 7.5 ± 5% µs 15V point/15052 load 
Duty Cycle 70%MIN 

Sense Current 
Amplitude 20± 0.5 mA 
Clamp Voltage 28+0%— 2% V 
Ramp Rate 70 MAX V/µs 15V point/150St load 
Sense Current Interruption before 

and after address change 
10 MIN µs 

Programming VCC 5.0 + 5%— 0% V 

Maximum Sensed Voltage` 
for programmed "1" 

7 0 * 0.1 V 

Delay from trailing edge of programming 
pulse before sensing output voltage 

0.7 MIN µs 

`A bit is judged to be programmed when two successive sense readings 10 µs apart with no 

intervening programming pulse pass the limit. When this condition has been met, four addi-

tional pulses are applied, then the sense current is terminated. 

ADDITIONAL PULSE TRAIN 

~_~ ~--- 28V CLAMP 

,.~ ~ --•- 200 mA PROGRAM PULSE 

'~~ 

7.5 µs 

10 ys 

0.] µs MIN y ..10 µs 

OUTPUT VOLTAGE SENSING 

---- 100 mA POINT 

~,,. 20 mA SENSING (BEFORE PROGRAMMING( 

_ -- 7.OV REF 

_ •• 20 mA SENSING (AFTER PROGRAMMING( 

~'• GND 

COMMERCIALLY AVAILABLE PROGRAMMING EOUIPM ENT: 

DATA I/O: PROGRAM CARD 909/919.1555 
WITH SOCKET ADAPTER 715-1033 

TYPICAL OUTPUT 
VOLTAGE WAVEFORM 
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µ PB409/429 

PACKAGE OUTLINE 
µP6409C/429C 

µPB409D/429D 

A 

IPlaeticl 
ITEM MILLNAETlRi IMCNEf , 

A ]]MA% I.I MA% 

e xs] o.l 
c xs1 0.l 
D Q5~0.1 0.0x+0.001 

E x1.91 1.1 

F 1.5 0.059 

G x.51 MIN 0.1 MIN 

N 0.5 MIN O.Ox MIN 

I 5.x2 MA% 0.x06 MA% 

J 5.)x MA% O.xxS MAX 

K 16.N 0.6 

L 1].x 0.51 

M 0.x5 
W.10 

001 
W.W1 

-0.O6 -00019 

(Cerdip) 

ITEM MILLIMETENf INCNEf 

A 3].S MP%. 1.]x MM%. 

B I.70 0.11 

C x.51 0.1 

D O.Y OAIe 

E x1.91 I.1 

F TS 0.068 

G x.51 MIN. 0.1 MIN. 

M 0.5 MIN. 0.019 MIN. 

[ 1.56 MA%. 0.181 Mq%. 

J 5.Oe 6/A%. O.I MA%. 

% Is.a o.e 
L us os] 

M _ o.n u.os o.ot 
u.~ 

409/429DS•10-80-CAT 
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NEC Microcomputers, Inc. 

16,384 (2K X 8j BIT UV ERASABLE PROM 

NEC 
N, PD2716 

DESCRIPTION The µPD2716 is a 16,384 bit (2048 x 8 bit) Ultraviolet Erasable and Electrically Pro-
grammable Read-Only Memory (EPROMI. It operates from a single +5 volt supply, 
making it ideal for microprocessor applications. It offers a standby mode with an 
attendant 75%savings in power consumption, and is compatible with the µPD2316E as 
a ROM. This allows for economical change-over to a masked ROM for production 
quantities, where desired. 

The µPD2716 features fast, simple one pulse prcgramming controlled by TTL level 
signals. Total programming time for all 16,384 bits is only 100 seconds. 

FEATURES Ultraviolet Erasable and Electrically Programmable 
• Access Time — 450 ns Max 
• Single Location Programming. 
• Programmable with Single Pulse 
• Low Power Dissipation Standby Mode 
• Input/Output TTL Compatible for Reading and Programming 
• Pin Compatible to µPD2316E (16K ROMI 

• Single +5V Power Supply 
• 24 Pin Ceramic DIP 
• Three•State Outputs 

PIN CONFIGURATION A7 

Ag 

A` 5 

Aq 

Ag 

A2 

Al

AO

00 

01 

02 

IOVI GND 

24 

23 

22 

21 

20 

µPD 19 

2716 18 

17 

16 

15 

14 

13 

VCC (+5V1 

Ag 

Ag 

V pp 

OE 

A10 

CE/PGM 

07 

Og 

05 

O4 

Og 

TABLE 1. MODE SELECTION 

PIN NAMES 
AO•A10 Addresses 
U~ Output Enable 
00.07 Data Outputs 
CE/PGM Chip Enable/Program 

PINS 

MODE CE/PGM OE VPP VCC OUTDUTS 

Read VIL VIL +5 +5 DOUT 

Standby VIH Don't Care *5 +5 High 2 

Program Pulsed VIL to VIH VIH +25 +5 DIN 

Program Verify VIL VIL *25 +5 DOUT 
Program Inhibit VIL VIH +25 +5 Hight 

VIH and V I ~ are TTL high level 1 '1 ") and TTL low level 
("0") respectively. 
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µ PD2716 

VCC O 

GNDO 
VppO 

_ OE 
CE/PGM 

Ao-At o 
ADDRESS 
INPUTS 

OUTPUT ENABLE 
CHIP ENABLE AND 

PGM LOGIC 

Y 

DECODER 

DATA OUTPUTS 

00-07 

OUTPUT BUFFERS 

X 

DECODER 

Y~GATING 

16,384 BIT 

CELL MATRIX 

BLOCK DIAGRAM 

Operating Temperature  -t0°C to+80°C ABSOLUTE MAXIMUM 
Storage Temperature   -65°C to+125°C RATINGS*
Output Voltage -0  3 to +6 Volts 

Input Voltage 
Supply Voltage Vcc 
Supply Voltage Vpp 

-0  3 to +6 Volts 
-0  3 to +6 Volts 

-0  3 to +26.5 Volts 

COMMENT: Stress above those l isted under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25°C 

Ta = 25°C; f = 1 MHz CAPACITANCE 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Capacitance CIN 4 6 pF VIN = OV 

Output Capacitance COUT B ~ 2 PF VOUT = OV 

READ MODE AND STANDBY MODE 

Ta = 0°C _ 70°C; VCC ~ _ +5V_ 5%; Vpp Q Q = VCC ~ O.6V 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN. TVp. MAX. 

Output Mign Voltage VOH 2.4 V I ON ' -400 yA 

Output Low Vonaga VOL 0.45 V IOL = 2.7 mA 

Input Hill VottaP VIN 2.0 Vu  sl V 

Input Low Volbpa VIL -0.1 09 V 

Output Lnktpa Currant ILO 10 pA VOUT `5.25V 

Input Ltwkap Current qL 10 pA VIN - 5.25V 

Vpp Currant Ippl 5 mA Vpp-S.B5V 

2 VCC Cumnt O ICCt 10 25 mA CE/PGM ~ VIN OE ~ VIL Stanoby M°M 

ICC2 57 100 mA CE/PGM - VIL OE -V IL Read Moue 

Notes: (J1 VCC must be applied simultaneously or before Vpp and removed after Vpp. 

(~ Vpp may be connected directly to VCC (+5V) at read mode and standby mode. 
The supply current would then be the sum of Ippt and ICC IICCt or ICC21~ 

Q The tolerance of O.6V allows the use of a driver circuit for switching the Vpp 
supply pin from +25V to +5V. 

DC CHARACTERISTICS 
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DC CHARACTERISTICS 
(CONY.) 

Nr PD2716 
PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE 

Ta = 25°C ± 5°C; VCC ~ _ +5V ± 5%; Vpp O® _ +25V 1 V 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN. TYP. MAX. 

Input High Voltage VIH 2.0 Vcc +t V 

Input Law Voltage VIL -0.1 0,8 V 

Input Leakage Current I IL 10 yA VIN = 5.25V/0.45V 

Vpp Current tppt `' ^'Fs 
Program Verify 

Z`FIPGM . V IL 
program Inhibit 

IPP2 30 mA ~/PGM - yIH Program Mode 

VCC Current' ICC 100 mA 

AC CHARACTERISTICS READ MODE AND STANDBY MODE 

Ta =O°C to+70°C; VCC O1 =+5V±5%;VpPOO =VCC ±0.8V~ 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Address to Output Delay tgCC 450 ns CE/PGM = ~ =VIL 

CE/PGM to Output Delay tCE 450 ns ~=VIL _ 

Output Enable 
to Output Delay tOE 120 ns CE/PGM =VIL 

Output Enable High 
to Output Float tOF 0 100 ns CE/PGM =VIL 

Address to Output Hold tOH 0 ns CE/PGM = OE = V I L 

Test Conditions 
Output Load: i TTL gate and CL = 100 pF 
Input Rise and Fall Times: 20 ns 
Input Pulse Levels: 0.8 to 2.2V 

Timing Measurement Reference Level: 

Inputs: 1.OV and 2.OV 
Outputs: 0.8V and 2.OV 

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE 

Ta =25°C±5°C; VCC O=+5V±5%;Vpp 1 4 =+25V±1V 

PARAMETER SYMBOL 

LIMITS 

UNITS 

TEST 

CONDITIONS MIN TYP MAX 

Address Setup Time tqg 2 µs 

OE Setup Time t0E5 2 µs 

Data Setup Time tpg 2 µs 

Address Hold Time tqH 2 µs 

OE Hold Time tOEH 2 µs 

Data Hold Time tpH 2 µs 

Output Enable to Output Float Delay tpF 0 120 ns ~/PGM =VIL 

Output Enable to Output Delay tOE 120 ns CE/PGM = V I L 

Program Pulze Width tpyy 45 50 55 ms 

Program Pulse Rise Time tpRT 5 ns 

Program Pulse Fall Time tpFT 5 ns 

Test Conditions: 

Input Pulse Levels 0  SV to 2.2V Output Timing Reference Levet . .0.8V and 2V 
Input Timing Reference Level  1V and 2V 

Notes: O1 VCC muss De applied simultaneously or before Vpp antl removed after Vpp. 

© Vpp may be connected directly to VCC (+SVI at reatl mode and standby mode. 
The supply current would stun be the sum of Ippl and ICC IICCI or ICC21~ 

© The tolerance of 0.6V allows she use of a driver circus[ for switching the Vpp 
supply pin from +25V to +SV. 

During programming, program inhibit, and program verify, a maximum of +26V 
mould be applied to the Vpp pin. Overshoot voltages to be generated by [he Vpp 
power fuPPIV should De limited to lest shen +26V. 
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µ PD2716 
READ MODE 

'4P 10 ~ ADDRESSES VALID 

CE/PGM 

OE 

00 7 

A610 

HIGH 

OU7 

IMPEDANCE 

PROGRAM 

tOH 

VALID OUTPUT 

PROGRAM MODE 

HIGH IMPEDANCE 

PROGRAM VERIFY —► 

ADDRESS N 

.~ tAS—r. 

tpF~-

OE  

CE/PGM 

VALID INPUT 
ADDRESS N 

tAH—

ADURESS N+m 

tOEy 

tDS 
~~ 

-r-tOES-+ 

tpRT~

tpwa 
tDH 

OEH-"

VALID INPUT 
ADDRESS N + m 

ftDF 

+tPFT 

Notxs: Q OE may be delayed up to tgCC-tOE after the falling edge of CE/PGM for read 
mode without impact on tgCC 

O tpF is specified from OE or CE/PGM, whichever occurs first. 

TIMING WAVEFORMS 
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µ PD2716 
FUNCTIONAL The µPD2716 operates from a single +5V power supply and, accordingly, is ideal 
DESCRIPTION for use with+5V microprocessorssuchasµPD8085andµPD8048/8748. 

Programming of the µPD2716 is achieved with a single 50 ms TTL pulse. Total pro-
gramming time for all 16,384 bits is only 100 sec. Due to the simplicity of the pro-
gramming requirements, devices on boards and in systems may be programmed easily 
and without any special programmer. 

The µPD2716 features a standby mode which reduces the power dissipation from a 
maximum active power dissipation of 525 mW to a maximum standby power dissipa-
tion of 132 mW. This results in a 75%savings with no increase in access time. 

Erasure of the µPD2716 programmed data can be attained when exposed to light with 
wavelengths shorter than approximately 4,000 Angstroms (A). It should be noted that 
constant exposure to direct sunlight or room level fluorescent lighting could erase the 
µPD2716. Consequently, if the µPD2716 is to be exposed to these types of lighting 
conditions for long periods of time, the µPD2716 window should be masked to 
prevent unintentional erasure. 

The recommended erasure procedure foo the µPD2716 is exposure to ultraviolet light 
with wavelengths of 2,537 Angstroms (A1. The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be not less than 15 W-sec/cm2. The erasure time is 
approximately 15 to 20 minutes using an ultraviolet lamp of 12,000 µW/cm2 power 
rating. 

During erasure, the µPD2716 should be placed within 1 inch of the lamp tubes. If the 
lamps have filters on the tubes, the filters should be removed before erasure. 

OPERATION The five operation modes of the µPD2716 are listed in Table 1. The power supplies 

required area +5V VCC and a Vpp. The Vpp power supply should be at +25V during 
programming, program verification and program inhibit, and it should be at +5V 
during read and standby. CE/PGM, OE and Vpp select the operation mode as shown in 

Table 1. 

READ MODE When CE/PGM and O~ are at low (0) level with Vpp at +SV, the READ MODE is 

set and the data is available at the outputs after tOE from the falling edge of ~ and 

tACC after setting the address. 

STANDBY MODE The µPD2716 is placed in the standby mode with the application of a high (1) level 

TTL signal to the CE/PGM and a Vpp of +5V. In this mode, the outputs are in a 

high impedance state, independent of the OE input. The active power dissipation is 

reduced by 75%from 525 mW to 132 mW. 

PROGRAMMING Programming of the µPD2716 is commenced by erasing all data and consequently 
MODE having all bits in the high (11 level state. Data is then entered by programming a low 

(Ol level TTL signal into the chosen bit location. 

The µPD2716 is placed in the programming mode by applying a high (1) level TTL 
signal to the OE with VPP at +25V. The data to be programmed is applied to the 
output pins 8 bits in parallel at TTL levels. 

Any location can be programmed at any time, either individually, sequentially or 
at random. 

When multiple µPD2716s are connected in parallel, except for CE/PGM, individual 
µPD2716s can be programmed by applying a high (1) level TTL pulse to the CE/PGM 
input of the desired µP02716 to be programmed. 

Programming of multiple µPD2716s in parallel with the same data is easily accom-
plished. All the alike inputs are tied together and are programmed by applying a 
high (1) level TTL pulse to the CE/PGM inputs. 
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µ PD2716 
Programming of multiple µPD2716s in parallel with different data is rendered more_ PROGRAMMING 
easily by the program inhibit mode. Except for CE/PGM, al l al ike inputs (including OE) INHIBIT MODE 
of the parallel µPD2716s may be common. Programming is accomplished by applying 
a TTL level program pulse to the µPD2776 CE/PGM input with Vpp at +25V. A low 
level applied to the CE/PGM of the other µPD2716 will inhibit it from being 
programmed. 

A verify should be performed on the programmed bits to determine that the data was 
correctly programmed on all bits of the µPD2716. The program verify can be per-
formed with Vpp at+25V and CE/PGM and OE at low (Oi levels. 

The data outputs of two or more µPD2716s may be wire-ored together to the same 
data bus. In order to prevent bus contention problems between devices, all but the 

selected µPD2716s should be deselected by raising the OE input to a TTL high. 

A 

T ~ 
G 

K 

L 

-~i C FE FIFE D T~~~ 0° - 15° M-~{~-

E 

CERAMIC 

ITEM MILLIMETERS INCH 

A 33.5 MAX. 1.32 MAX. 

B 2.78 1.1 

C 2.54 0.1 

D 0.46 *- 0.10 0.018 ± 0.004 

E 27.94 1.10 

F 1.3 0.05 

G 2.54 MIN. 0.1 MIN. 

H 0.5 MIN. 0.020 

I 5.0 MAX. 0.20 

J 5.5 MAX. 0.216 

K 15.24 0.60 

L 13.5 0.53 

M 0.25 
+0.10 0.010 

+0.004 

- 0.05 - 0.002 

PROGRAM VERIFY MODE 

OUTPUT DESELECTION 

PACKAGE OUTLINE 
µPD2716D 

2716DS-12-80-CAT 
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NEC Microcomputers, Inc. 
I ~~~ 

32,768 (4K X 8) BIT UV ERASABLE PROM 

NBC 
µPD2732 

DESCRIPTION The µPD2732 is a 32,768 bit (4096 x 8 bit) Ultraviolet Erasable and Electrically 
Programmable Read-Only Memory (EPROM). It operates from a single +5V supply, 
making it ideal for microprocessor applications. It features an output enable control 
and offers a standby mode with an attendant 80% savings in power consumption. 

A distinctive feature of the µPD2732 is a separate output control, output enable (OE) 
from the chip enable control ICE). The OE control eliminates bus contention in 
multiple-bus microprocessor systems. The µPD2732 features fast, simple one-pulse 
programming controlled by TTL-level signals. Total programming time for all 
32,768 bits is only 210 seconds. 

FEATURES • Ultraviolet Erasable and Electrically Programmable 
• Access Time — 450 ns Max 
• Single Location Programming 
• Programmable with Single Pulse 
• Low Power Dissipation: 150 mA Max Active Current, 

30 mA Max Standby Current 
• Input/Output TTL Compatible for Reading and Programming 
• Single +5V Power Supply 
• 24 Pin Ceramic DIP 
• Three-State Outputs 

PIN CONFIGURATION 

A7 

A 

A5 

Aq 

A3 

A2 

Al 

AO 

00 

Ol 

02

IOVI GND 

24 

23 

22 

21 

20 

µPD t9 
2716 l8 

17 

i6 

15 

14 

13 

PIN NAMES 

VCC (+5V1 
Ag 

Ag 

All 

OE/Vpp 

A10 

CE 

07 

Og 

05 

Oq 

03 

AO-All Addresses 

OE Output Enable 

00-07 Data Outputs 

CE Chip Enable 

MODE SELECTION 

PINS 

MODE CE OE/Vpp VCC OUTPUTS 

Read VIL VIL +5 DOUT 

Standby VIH Don't Care +5 High Z 

Program Pulsed VlL to VIH Vpp +5 OIN 

Program Verify VIL VIL 'S DOUT 

Program inhibit VIH Vpp +5 Hight 

VCC p_~ 

G N D o—► 
Vpp 0 --~ 

BLOCK DIAGRAM 

OE ~ OUTPUT ENABLE ---+ 
CE CHIP ENABLE AN•-- ~' 

PGM LOGIC 

AO-A 1 1 
ADDRESS 
INPUTS 

v 
DECODER 

X 
DECODER 

DATA OUTPUTS 

0 0-07 

/~~ 

1 
OUTPUT BUFFERS 

V-GATING 

32,768 BIT 

CELL MATRIX 

2732 DS-12-80-CAT 
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NEC Microcomputers, Inc. 

r~ J 

NJ~C 
µ PB450 

~1_~~~~ 
9216 BIT FIELD PROGRAMMABLE LOGIC ARRAY 

DESCRIPTION The µP6450 is a bipolar, 9, 216-bit field programmable logic array. It includes 24 
input and 16 output lines, 72 product terms, input 2-bit decoders, and 16-bit feedback 
registers. This provides an extremely versatile organization. Interconnection of internal 
AND-OR arrays is performed electrically by the proven, avalanche induced migration 
method which is widely used in NEC Bipolar PROM technology. 

FEATURES 241nputTerminals 
• 16 Output Terminals with Latches 
• 72 Product Terms 
• 16 Feedback Loops with J-K Flip Flops 
• 20 2704 Input Decoders 
• 80 x 72 AND-Array Elements 
• 72 x 48 OR-Array Elements 
• Scan Path (Shift Register Model Capability of J-K Flip Flops 
• TTL Compatible 
• Single +5V Supply 
• 48 Pin Ceramic Dual•In-Line Package 

PIN CONFIGURATION 
111 C 123 1 48 

110 C 2 47 ~ 122 
19 C 3 46 ~ 121 
Ig C 4 45 a 120 

17 C 5 44 119 
16 C 6 a3 118 
15 C 7 42 117 
Iq [ 8 41 116 
13 [ 9 40 ~ 115 
12 C 10 39 114 
11 C 11 38 ~ 113 
IO C 12 µP6450 37 112 
GND C 13 36 VCC 
ADE C 14 35 QOT 

Op [ 15 34 Og 

01 [ 16 33 Og 

O2 [ 17 32 ,~ 0 10 
03 Ir 18 31 0 11 
04 C 19 30 0 12 
05 [ 20 29 0 13 
Og [ 21 28 a 0 14 
07 C 22 27 0 15 
CE ~ 23 26 RESET 

CKO C 24 25 CK1 

PIN NAMES 

10 ^- 123 Input 

OO ^~ 015 Outputs 
ADE Mode Control 
QOT Shift Register 

Output (Mode 2) 

CE Output and Mode 
Control 

CKO Output Latch 
Control 

CK1 Feed Back Register 
Clock 

RESET Feed Back Register 
Reset 

VCC Power Supply 
(+5V) 

GND Ground 

450DS-12-80-CAT 
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NEC Microcomputers, Inc. 

MICROCOMPUTER SELECTION GUIDE 
SINGLE CHIP 4-BlT MICROCOMPUTERS 

DEVICE PRODUCT ROM RAM I/O PROCESS OUTPUT FEATURES 

SUPPLY 

VOLTAGES PINS 

µPD546 µCOM-43 2000 x 8 96 x 4 35 PMOS O.D. -10 42 
µPD553 µCOM43H 2000 x 8 96 x 4 35 PMOS O.D. A -10 42 
µPD557L µCOM-03SL 2000 x 8 96 x 4 21 PMOS O.D. A -8 28 
µPD650 µCOM-03C 2000 x 8 96 x 4 35 CMOS push-pull +5 42 
µPD547 µCOM-44 1000 x 8 64 x 4 35 PMOS O.D. -10 42 
µPD547L µCOM-44L 1000 x 8 64 x 4 35 PMOS O.D. -8 42 
µPD552 µCOM-44H 1000 x 8 64 x 4 35 PMOS O.D. A -10 42 

µPD651 µCOM-44C 1000 x 8 64 x 4 35 CMOS push-pull +5 42 
µPD550 µCOM-05 640 x 8 32 x 4 21 PMOS O.D. A -10 28 
µPD550L µCOM-45L 640 x 8 32 x 4 21 PMOS O.D. A -8 28 

µPD554 µCOM-45 1000 x 8 32 x 4 21 PMOS O.D. A -10 28 

µP D554L µCOM-05L 1000 x 8 32 x 4 21 PMOS O.D. A -8 28 

µPD652 µCOM-45C 1000 x 8 32 x 4 21 CMOS push-pull +5 28 

µPD556 µCUM-03 External 96 x 4 35 PMOS O.D. C -10 64 

µPD7500 µCOM-75 External 256 x 4 46 CMOS O.D. D +2.7 to 5.5 64 

µPD7502 µCOM-75 2000 x 8 128 x 4 23 CMOS O.D. E +2.7 to 5.5 64 

µPD7503 µCOM-75 4000 x 8 224 x 4 23 CMOS O.O. E +2.7 to 5.5 64 

µPD7507 µCOM-75 2000 x 8 128 x 4 32 CMOS O.D. E +2.7 to 5.5 40 

µPD7520 µCOM-75 768 x 8 48 x 4 24 PMOS O.D. B -6 to -10 variable 28 

Notes: A =-35V VF Drlve 
B = µCOM-4 Eva uat~on Chip 
C = µCOM-75 Evaluation Chip 
D =LCD Controller 
E =LED Display Controller 
O.D. =Open Drain 

SINGLE CHIP 8-BlT MICROPROCESSORS 

DEVICE SPECIAL FEATURES ROM RAM I/O PROCESS OUTPUT CYCLE 

SUPPLY 

VOLTAGES PINS 

µPD8021 Zero-Cross Detector 1024 x 8 64 x 8 21 NMOS BD 3.6 MHz +5V 28 

µPD8022 On-Chip S/D Converter 2048 x 8 64 x 8 26 NMOS 8D 3.6 MHz +5V 40 

µPD8035L µPD8048 w/External Memory External 64 x 8 27 NMOS TS, BD 6 MHz +SV 40 

µPD8039L µPD8049 w/External Memory External 128 x 8 27 NMOS TS, 8D 11 MHz +5V 40 

µPD8041 Peripheral Interface w/Slave Bus 1024 x 8 64 x 8 18 NMOS TS, BD 6 MHz +SV 40 

µPD8041 A Enhanced µPD8041 1024 x 8 64 x 8 18 NMOS TS, BD 6 MHz +5V 40 

µPD8048 Expansion Bus 1024 x 8 64 x 8 27 NMOS TS, BD 6 MHz +5V 40 

µPD8049 High Speed µPD8048 2048 x 8 128 x 8 27 NMOS TS, BD 11 MHz +5V 40 

µPD8741A UV-EPROM µPD8041A 1024 x 8 64 x 8 18 NMOS TS, BD 6 MHz +5V 40 

µPD8748 UV-EPROM µPD8048 1024 x 8 64 x 8 27 NMOS TS, BD 6 MHz +5V 40 

µPD7800 Development Chip External 128 x 8 48 NMOS T5, BD 4 MHz +5V 64 

µP D7801 8080 Type Expansion Bus 4096 x 8 128 x 8 48 NMOS TS, BD 4 MHz +5V 64 
64K Memory Address Space 

µPD7802 Expanded µPD7801 6144 x 8 64 x 8 48 NMOS TS, BD 4 MHz +5V 64 

MICROPROCESSORS 

DEVICE PRODUCT S12E PROCESS OUTPUT CYCLE 
SUPPLY 
VOLTAGES PINS 

yPD780 Microprocessor 8-bit NMOS 3-State 4.0 MHz +5 40 

yPD8080AF Microprocessor 8-bit NMOS 3-State 2.0 MHz +12 ± 5 40 

µPD8080AF-2 Microprocessor 8-bit NMOS 3-State 2.5 MHz +12 ± 5 40 

µPD8080AF-i Microprocessor 8-bit NMOS 3-State 3.0 MHz +12 ~ 5 40 

µPD8085A Microprocessor 8-bit NMOS 3-State 3.0 MHz +5 40 

µPD8085A-2 Microprocessor 8-bit NMOS 3-State 5.0 MHz +5 40 

µPD8086 Microprocessor 16bit NMOS 3-State 5.0 MHz +5 40 

155 



NBC 
NEC Microcomputers, Inc. 

MICROCOMPUTER SELECTION GUIDE 
SYSTEM SUPPORT 

DEVICE PRODUCT 512E PROCESS OUTPUT CYCLE 

SUPPLY 

VOLTAGES PINS 

µPD765 Double Sided/Double Density 8-bit NMOS 3~State 8 MHz +5 40 

FIopPY Disk Controller 

µPD761 Dat Matrix Printer 8-bit NMOS 3-State 6 MHz +5 40 
Controller-Epson 500 Printer 

wPD782 Dot Matrix Printer 8-bit NMOS 3-State 6 MHz +5 40 
Controller-Epson 200 Printer 

wPD330t CRT Con« alley 8-bit NMOS 3-State 3 MHz +5 40 

µPD7001 B-81[ A!D Converter 6-bit CMOS Open 10 kHz +5 16 
Collector Con rsion 
Serial Timee

µPD7002 12-Bit A/D Converter Bbit CMOS 3Stata 400 Hz +5 28 
Con ers~an 
Time 

µPD7201 Multi-Protocol Serial 8-bit NMOS 3-State 3 MHz +5 40 
Controller 

wPD7210 IEEE Controller (Talker, 
Listener, Controller) 

8-bit NMOS 3-State 8 MNz +5 40 

µPD7220 Graphic Display Controller 8-bit NMOS 3-State fi MHz *5 40 

µPD7225 Alpha Numeric LCD S~blt CMOS — — +5 52 
Controller 

µPDJ227 Dot Matrix LCO Controller 8-bit CMOS — — +5 64 

µPD7720 Signal Processor 16-0it NMOS 3-State 8 MHz +5 28 

µPD6155 256 z 8 RAM with I/O Parts 
and Timer 

8-bit NMOS 3-State — .5 40 

µPD6155.2 256 z 8 RAM with IIO Ports 
and Timer 

&bit NMOS 3-State — +5 40 

µPD8156 256 z B RAM whh IIO Ports 
end Timer 

8-bit NMOS 3-State — +5 40 

µPD8156-2 256 z 8 RAM with I/O Ports 
antl Timer 

8-bit NMOS 3-State — +5 40 

µP68212 I/O Port B-bit Bipolar 3~State — +5 24 

wP88214 Priority Interrupt Controller 3-bit Bipolar Open 3 MMz +5 24 
Col lector 

µPB8218 Bus Driver Non-Inverting 4-bit Bipolar 3-State — +5 18 

µP88224 Clock Generator Driver 2 phase Bipolar High Level 3 MHz +12 s 5 16 

Clock 

µP88226 Bus Driver Inverting 4-0k Bipolar 3-State — +5 16 

µP88228 System Convoner 8-bit Bipolar 3-Stem — +5 28 

µPD6243 IIO Expander 4 x 4 bits NMOS 3-State — +5 24 

µPD8251 Programmable Community- 
dons Interface IAsync/Sync) 

8-bit NMOS 3-State A-9.6K baud 
S-56K baud 

+5 28 

µPD8251A Programmable Communicate 
bons Inrorfece IAsync/Sync) 

8-bit NMOS 3-State A-9.6K beutl 
S-64K baud 

+5 28 

µPD8253 Programmable Timer a-bit NMOS 3Stata 3.3 MHz +5 24 

µPD8253~5 Programmable Timer 8-bit NMOS 3~Stete 3.3 MH: +5 24 

µPD8255 Peripneral Interface Bbit NMOS 3~State — +5 40 

µPD8265A-5 Peripneral Inrortace 8-bit NMOS 7-State — +5 40 

µPD8257 Programmable DMA Controller B-bh NMOS 3-State 3 MHz +5 40 

µPD8257.5 Programmable DMA Controller Bbit NMOS 3-State 3 MHz +5 40 

µPD8259 ProgrammWle Interrupt Bbl[ NMOS 3-State — +5 28 
Con«oller 

µPD8259-5 Programmable Interrupt 8-bit NMOS 3-State — +5 28 
Controller 

µPD8279.5 Programmable Keyboard/ 8-bit NMOS 3-State — +5 40 
Dispay Interface 

µP88282/ BAit ).etches Bipolar 3Stata 6 MHz +5 20 

8283 

µP88284 Clack Driver Bipolar 3Stata 5 MHz +5 18 

uPB82861 8si[ Bus Transuivas Bipolar 3Stata 5 MHz +5 20 
8287 

µP88288 Bus Con«ollar Bipolar 3Stata 5 MHz +5 20 

µPD8355 2048 x 8 ROM wnn 1/O Ports 8-bit NMOS 3-State — +5 40 

µPD8755A 2048 x 8 EPROM witn 8-0it NMOS 3~State — +5 40 
I/O Ports 
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MICROCOMPUTER ALTERNATE SOURCE GUIDE 

NBC 

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT 

AMD AM8080A/9080A Microprocessor (2.0 MHz) µPD8080AF 

AM8080A-2/9080A-2 Microprocessor (2.5 MHz) µPD8080AF-2 
AM8080A-1/9080A-1 Microprocessor (3.0 MHz) µPD8080AF-1 
AM8085A Microprocessor (3.0 MHz) µPD8085A 
AM8155 Programmable Peripheral Interface 

with 256 x 8 RAM 
µPD8155 

AM8156 Programmable Peripheral Interface 
with 256 x 8 RAM 

µPD8156 

AM8212 I/O Port (8-Bit) µP68212 
AM8214 Priority Interrupt Controller µP68214 

AM8216 Bus Driver, Inverting µP68216 
AM8224 Clock Generator/Driver µP68224 

AM8226 Bus Driver, Non-Inverting µP88226 
AM8228 System Controller µP68228 
AM8251 Programmable Communications µPD8257 

Interface 
AM8255 Programmable Peripheral Interface µPD8255 
AM8257 Programmable DMA Controller µPD8257 
AM8355 Programmable Peripheral Interface 

with 2048 x 8 ROM 
µPD8355 

AM8048 Single Chip Microcomputer µPD8048 

INTEL 8080A Microprocessor (2.0 MHz) µPD8080AF 

8080A-2 Microprocessor (2.5 MHz) µPD8080AF-2 
8080A-1 Microprocessor (3.0 MHz) µPD8080AF-1 
8021 Microcomputer with ROM µPD8021 
8022 Microcomputer with A/D Converter µPD8022 
8035E Microprocessor µPD8035L 
8039E Microprocessor µPD8039L 
8041A Programmable Peripheral Controller 

with ROM 
µPD8041A 

8048 Microcomputer with ROM µPD8048 
8049 Microcomputer with ROM µPD8049 

8085A Microprocessor (3.0 MHz) µPD8085A 

8085A-2 Microprocessor (5.0 MHz) µPD8085A-2 
8086 Microprocessor (16-Bit) µPD8066 
8155/8155-2 Programmable Peripheral Interface 

with 256 x 8 RAM 
µPD8155/8155-2 

8156/8156-2 Programmable Peripheral Interface 
with 256 x B RAM 

µPD8156/8156-2 

8212 I/O Port (8-Bit) µP68212 
8214 Priority Interrupt Controller µP68214 
8216 Bus Driver, Non-Inverting µP88216 
8224 Clock Generator/Driver µpgg224 

8226 Bus Driver, Inverting µP68226 
6228 System Controller µpgg22g 

8243 I/O Expander µPD8243 
8251 Programmable Communications µPD8257 

Interface (Async/Sync) 
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MICROCOMPUTER ALTERNATE SOURCE GUIDE 

NBC 

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT 

INTEL~CONT-) 8251A Programmable Communications µPD8251A 
Interface (Async/Sync) 

8253 Programmable Timer µPD8253 

8253-5 Programmable Timer µPD8253-5 

8255 Programmable Peripheral Interface µPD8255 

8255A Programmable Peripheral Interface µPD8255A-5 

8255A-5 Programmable Peripheral Interface µPD8255A-5 

8257 Programmable DMA Controller µPD8257 

8257-5 Programmable DMA Controller µPD8257-5 

8259 Programmable Interrupt Controller µPD8259 

8259-5 Programmable Interrupt Controller µPD8259-5 

8272 Double Sided/Double Density µPD765 
Floppy Disk Controller 

8279-5 Programmable Keyboard/Display µPD8279-5 
Interface 

8282/8283 8-Bit Latches µP88282/8283 

8284 Clock Driver µP68284 

8286/8287 8-Bit Transceivers µP68286/8287 

8288 Bus Controller µP68288 

8355 Programmable Peripheral Interface with µPD8355 

2048 x 8 ROM 

8741A Programmable Peripheral Controller with µPD8741A 
EPROM 

8748 Microcomputer with EPROM µPD8748 

8755A Programmable Peripheral Interface with µPD8755A 
2K x 8 EPROM 

INS8048 Microcomputer with ROM µPD8048 

INS8049 Microcomputer with ROM µPD8049 

NATIONAL INS8080A Microprocessor (2.0 MHz) µPD8080AF 

INS8080A-2 Microprocessor (2.5 MHz) µPD8080AF-2 

INS8080A-1 Microprocessor (3.0 MHz) µP08080AF-1 

8212 I/O Port (8-Bit) µP68212 

8214 Priority Interrupt Controller µP68214 

8216 Bus Driver, Non-Inverting µP68216 
8224 Clock Generator/Driver µP88224 

8226 Bus Driver, Inverting µP88226 

8228 System Controller µP68228 

INS8251 Programmable Communications µPD8251 
Interface 

INS8253 Programmable Timer µPD8253 

INS8255 Programmable Peripheral Interface µPD8255 

INS8257 Programmable DMA Controller µPD8257 

INS8259 Programmable Interrupt Controller µPD8259 

T,I- TMS8080A Microprocessor (2.0 MHz) µPD8080AF 

TMS8080A-2 Microprocessor (2.5 MHz) µPD8080AF-2 
TMS8080A-1 Microprocessor (3.0 MHz) µPD8080AF-1 

SN74S412 I/O Port (8-Bit) ~ µP68212 

SN74LS424 Clock Generator/Driver µP68224 

SN74S428 System Controller µP88228 
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/t COM-4 

4-BIT SINGLE CHIP MICROCOMPUTER FAMILY 

DESCRIPTION The µCOM-4 4-bit Microcomputer Family is a broad product line of 14 individual 
devices designed to fulfill a wide variety of design criteria. The product line shares a 
compatible architecture and instruction set. The architecture includes all functional 
blocks necessary for a single chip controller, including an ALU, Accumulator, Byte-
wide ROM, RAM, and Stack. The instruction set maximizes the efficient utilization 
of the fixed ROM space; and includes a variety of Single Bit Manipulation, Table 
Look-Up, BCD arithemetic, and Skip instructions. 

The µCOM-4 Microcomputer Family includes seven different products capable of 
directly driving 35V Vacuum Fluorescent Displays. Four products are manufactured 
with a CMOS process technology. µCOM-4 Microcomputers are ideal for lowcost 
general purpose controller applications such as industrial controls, instruments, 
appliance controls, intelligent VF display drivers, and games. 

The µCOM-4 Microcomputer Family can be broken down into 3 distinct groups 
according to their performance capabilities. These groups are distinguished by their 
ROM, RAM, and I/O capabilities, as follows. 

µCOM-4 MICRO 
COMPUTER FAMILY ROM RAM I/O 

RELATIVE 
PERFORMANCE 

µCOM-03 2000 x 8 96 x 4 35 U Highest 

µCOM44 1000 x 8 64 x 4 35 Medium 

µCOM~5 1000 x 8 ~ 32 x 4 21 Lowest 

Notes: Q1  The µPD557L has 21 I/O lines. 

02 The µPD550 and µPD550L have 640 x 8 ROMs. 

FEATURES • Choice of ROM size: 2000 x 8, 1000 x 8, or 640 x 8 
• Choice of RAM size: 96 x 4, 64 x 4, or 32 x 4 

— Six 4-Bit Working Registers Available 
— One 4-Bit Flag Register Available 

• Powerful Instruction Set 
— Choice of 80 or 58 Instructions 
— Table Look-Up Capability with CZP and JPA Instructions 
— Single Bit Manipulation of RAM or I/O Ports 
— BCD Arithmetic Capability 

• Choice of 3-Level, 2-Level, or 1-Level Subroutine Stack 
• Extensive I/O Capability 

— Choice of 35 or 21 I/O Lines 
35 Lines 21 Lines 

— 4-Bit Input Ports 2 1 
— 4-Bit I/O Ports 2 2 
— 4-Bit Output Ports 4 2 
— 3-Bit Output Ports 1 -
- 1-Bit Output Port — 1 

• Programmable 6-Bit Timer Available 
• Choice of Hardware or Testable Interrupt 
• Built-In Clock Signal Generation Circuitry 
• Built-In Reset Circuitry 
• Single Power Supply 
• Low Power Consumption 
• PMOS or CMOS Technologies 
• Choice of 42-pin DIP, 28-pin DIP, or 52-pin Flat Plastic Package 
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Internal Registers FUNCTIONAL 

The ALU, the Accumulator, and the Carry Flag together comprise the central portion DESCRIPTION 

of the µCOM-4 Microcomputer Family architecture. The ALU performs the arithmetic 
and logical operations and checks for various results. The Accumulator stores the 
results generated by the ALU and acts as the major interface point between the RAM, 
the I/O ports, and the Data Pointer registers. The Carry F/F can be addressed directly, 

and can also be set during an addition. The µCOM~3 Microcomputers also have a 
Carry Save F/F for storage the value of the Carry F/F. 

Data Pointer Registers 

The DPH register and 4-bit DPL register reside outside the RAM. They function as the 
Data Pointer, addressing the rows and columns of the RAM, respectively. They are 
individually accessible and the L register can be automatically incremented or 
decremented. 

RAM 

All µCOM-4 microcomputers have a static RAM organized into amultiple-row by 
16-column configuration, as follows: 

MICROCOMPUTER I RAM ORGANIZATION DPH DPL 

µCOM-43 96 x 4 6 rows x 16 columns 3 4 

µCOM~4 64 x 4 4 rows x 16 columns 2 4 

µCOM~5 32 x 4 2 rows x 16 columns 1 4 

The µCOM-43 Microcomputers also have a 4-bit Flag register and six 4-bit working 
registers resident in the last row of the RAM. The extended µCOM-43 instruction 
set provides 10 additional instructions with which you can access or manipulate these 
seven registers. 

ROM 

The ROM is the mask-programmable portion of the µCOM-4 Microcomputer which 

stores the application program. It is organized as follows: 

MICROCOMPUTER ROM ORGANIZATION 
FIELDS PAGES 

µCOM-43 

µCOM44 

µCOM~5 

2000 x 8 

1000 x 8 

1000 x 8 

8 

8 

8 

8 

8 

8 

Note that the µPD550 and µPD550L of the µCOM-45 Microcomputer Family have 
a 640 x 8 ROM. 
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FUNCTIONAL Program Counter and Stack Register 

DESCRIPTION The Program Counter is an 11-bit register in the µCOM-43 microcomputers, or a 
(CONY.) 10-bit register in µCOM-44 and µCOM-45 microcomputers, which contains the address 

of a particular instruction being executed. It is incremented during normal operation, 
but can be modified by various JUMP and CALL instructions. The Stack Register is 
a LIFO push-down stack register used to save the value of the Program Counter when 
a subroutine is called. It is organized as follows: 

MICROCOMPUTER 
STACK 

ORGANIZATION 
ALLOWABLE 

SUBROUTINE CALLS 

µCOM-43 

µCOM-04 

µCOM-05 

3 words x 11 bits 

1 word x 10 bits 

1 word x 10 bits 

3 Levels 

1 Level 

1 Level 

Note that the CMOS µPD651 microcomputers of the µCOM-44 Microcomputer 

Family have a 2-level Stack Register. 

Interrupts 

All µCOM-4 microcomputers are equipped with asoftware-testable interrupt which 
skips an instruction if the Interrupt F/F has been set. The TIT instruction resets the 
Interrupt F/F. 

In addition, the µCOM-43 microcomputers have a hardware interrupt, which causes 
an automatic stack level shift and subroutine call when an interrupt occurs. 

Interval Timer 

The µCOM-43 microcomputers are equipped with a programmable 6-bit interval 
timer which consists of a 6-bit polynomial counter and a 6-bit binary down counter. 
The STM instruction sets the initial value of the binary down counter and starts the 
timing. The polynomial counter decrements the binary down counter when 63 instruc-
tion cycles have been completed. When the binary down counter reaches zero, the 
timer F/F is set. The TTM instruction tests the timer F/F, and skips the next 
instruction if it is set. 

Clock and Reset Circuitry 

The Clock Circuitry for any µCOM-4 microcomputer can be implemented by connect-
ing either an Intermediate Frequency Transformer (IFT) and a capacitor; or a Ceramic 
Resonator and two capacitors, to the CLO and CL1 Inputs. The Power-On•Reset 
Circuitry for any µCOM-4 microcomputer can be implemented by connecting a 
Resistor, a Capacitor, and a Diode to the RESET input. 
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1/O Capability 

The µCOM-4 microcomputer family has either 35 or 21 I/O lines, depending upon the 
individual part, for communication with and control of external circuitry. They are 
organized as follows: 

Port A PAO-3 
Port B PB0-3 
Port C PCO-3 
Port D PDO-3 
Port E PEO-3 
Port F PFO.3 
Port G PGO-3 
Port H PHO-3 
Port I Pl0_2 

4-Bit Input 
4-Bit Input 
4-Bit Input/Output (VF Drive Possible) 
4-Bit Input/Output (VF Drive Possible) 

4-Bit Output (VF Drive Possible) 

4-Bit Output (VF Drive Possible) 
4-Bit Output (VF Drive Possible) 
4-Bit Output (VF Drive Possible) 
3-Bit Output (VF Drive Possible) 

Development Tools 

The NEC Microcomputers' NDS Development System is available for developing 
software service code, editing, and assembling source code into object code. In addi-

tion, the ASM-43 Cross Assembler is available for systems which support the ISIS-I I 

(TM Intel Corp.) Operating System. The CASM-43 Cross Assembler is available for 

systems which support the CP/M (~ Digital Research Corp.) Operating System. 

The EVAKIT113P Evaluation Board is available for production device emulation and 

prototype system debugging. The SE-43P Emulation Board is available for demon-

strating the final system design. The µPD5566 ROM-less Evaluation Chip is available 

for small pilot production. 

FUNCTIONAL 
DESCRIPTION 
(CONY.) 
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The following abbreviations are used in the description of theµCOM-4 instruction set: INSTRUCTION SET 

SYMBOL EXPLANATION AND USE 

ACC Accumulator 

ACCn Bit "n" of Accumulator 

address Immediate address 

C Carry F/F 

C' Carry Save F/F 

data Immediate data 

Dn Bit "n" of immediate data or immediate address 

DP Data Pointer 

DPH Upper Bits of Data Pointer 

DPL Lower 4 Bits of Data Pointer 

FLAG FLAG Register 

INTE F/F Interrupt Enable F/F 

INT F/F Interrupt F/F 

PI ) Parallel Input/Output Port addressed by the value within the brackets 

Pn Bit "n" of Program Counter 

PA Input Port A 

PC Input/Output Port C 

PD Input/Output Port D 

PE Output Port E 

R R Register 

S S Register 

SKIP Number of Bytes in next instruction when skip condition occurs 

STACK Stack Register 

TC 6-Bit Binary Down Timer Counter 

TIMER F/F Timer F/F 

W W Register 

X X Register 

Y Y Register 

Z Z Register 

~ The contents of RAM addressed by the value within the brackets 

[ ] The contents of ROM addressed by the value within the brackets 

<- Load, Store, or Transfer 

«. Exchange 

- Complement 

V LOGICAL EXCLUSIVE OR 

SYMBOL DEFINITIONS 
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MNEMONIC FUNCTION DESCRIPTION 

INSTRUCTION CODE 

BYTES CYCLES 

SKIP 
CONDITION D7 Dg D6 I Dq Dy Dy Dt Op 

LOAD 

LI date ACC «D0~ Load ACC with 4 hits of Imma- 
dlate date; execute succeeding 
LI Inuruaions es NOP 
inttruttlons 

1 0 0 1 D3 DZ D1 Dp t 1 String 

L ACC ~- IDPI Load ACC with the RAM contents 
eddrsuad by DP 

0 0 1 t 1 0 0 0 1 1 

LM data ACC ~ IDP) 
DPH «DPH V Dt{) 

LoW ACC with the RAM mntenta 
addressed by DP; Perform a 
LOGICAL EXCLUSIVE-OR 
Between DPH and 2 bite of 
Immediate Date; Store the result 
in DPH 

0 0 1 1 t 0 Di Dp 1 1 

LDI date DP « Dg.p Load DP with 7 bits of Immediate 
date 

0 Dg D6 D4 D3 DZ D1 Dp 2 2 

LDZ date DPH «0 
DPL ~ DS.p 

Load DPH with 0; 
Load DPL with 4 biro of 
immediate data 

1 0 0 0 D3 DZ D1 Dp 1 1 

STORE 

S IDP) «ACC Store ACC into the RAM location 
addressed by DP 

0 0 0 0 0 0 1 0 1 1 

TRANSFER 

TAL DPL«' ACC Transfer ACC to DPL 0 0 0 0 0 1 1 1 1 1 

TLA ACC «DPL Transfer DPL to ACC 0 0 0 t 0 0 1 0 1 1 

EXCHANGE 

X ACC» (DP) Exchange A with the RAM con- 
tents addressed by DP 

0 0 1 0 1 0 0 0 1 1 

XI ACC» IDP) 
DPL •-DPL + 1 
Skip if DPL=OH 

Exchange ACC with RAM wn- 
tents addressed by DP; increment 
DPL; Skip if DPL=OH 

0 0 1 i 1 t 0 0 1 1 +S DPL = OH 

XD ACC « IDPI 
DPL ~-DPL-1 
Skip if DPL= FH 

Exchange ACC with the RAM 
contents addressed by DP; 
decrement DPL; $klp if DPL= FH 

0 0 1 0 1 1 0 0 1 i +S DPL - FH 

XM data ACC» (DPI 
DPH .- DPH V Dt {) 

Exchange ACC with the RAM 
contents addressed by DP; Pery 
forma LOGICAL EXCLUSIVE-
OR Between DPH end 2 bits of 
immediate data; store the results 
in DPH 

0 0 1 0 - 1 0 Dt Dp 1 1 

XMI data ACC» IDP) 
DPH .- DPH V Ot ~ 
DPL~DPL+1 
Skip if DPL - OH 

Exchange ACC with the RAM 
contents addressed by DP; Per-
formeLOGICAL EXCLUSIVE-
OR Between DPH end 2 bits of 
immediate data; store the results 
in DPH increment DPL; $kip if 
DPL = OH 

0 0 1 1 1 t Dt Dp 1 1 +S DPL = 04 

XMD data ACC» IDP) 
DPH » DPH V Dt d 
DPL.- DPL- 1 
Skip if DPL = FH 

Exchange ACC with the RAM 
contents addressed by DP; Per-
form a LOGICAL EXCLUSIVE-
OR Bttwaen DPH and 2 bits of 
immetliaie data; store the results 
in DPH decrement DPL; Skip if 
DPL=FH 

0 0 1 0 1 1 Dt Dp 1 1 + $ DPL = FH 

ARITHMETIC 

AD ACC'- ACC+ IDP) 
Skip if overflow 

Add the RAM contents addressed 
by DP to ACC; skip if overflow is 
generated 

0 0 0 0 1 0 0 0 1 1 +S Overflow 

ADC ACC'-  ACC + IDPI + C 
if overflow occurs, 
C « 1 

Adtl [he RAM rnntents addressed 
by DP, and the Carry F/F to ACC: 
if overflow occur, set carry F/F 

0 0 0 1 t 0 0 1 1 1 

ADS ACC «ACC +IDP) + C 
if overflow occurs, 
C ~- 1 and skip 

Add the RAM contents addressed 
by DP and the carry F/F to ACC: 
if overtlow occurs, set Carry F/F 
entl skip 

0 0 0 0 1 0 0 1 1 1+ S Overflow 

DAA ACC'" ACC + 6 Add 6 to ACC to Adjust 
Declmel for BCD Addition 

0 0 0 0 0 9 1 0 1 1 

DAS ACC «ACC + 10 Add 10 to ACC to Adjust 
Decimal for BCD Subtraction 

0 0 0 0 1 0 1 0 1 1 -
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ft COM-4 INSTRUCTION SET 
(CONY.) 

MNEMONIC FUNCTION DESCRIP710N 

INSTRUCTION CODE 

BYTES CYCLER 

SKIP 
CONDITION D7 Og D5 Dq D3 DZ Di Dp 

LOGICAL 

EXL ACC~ACCu 1DP) Performs LOGICAL 
EXCLUSIVE•OR between the 
RAM contents addressed by DP 
and ACC; store the result in ACC 

0 0 0 1 1 0 0 0 1 1 

ACCUMULATOR 

CLA ACC ~ 0 Clear ACC to zero 1 0 0 1 0 0 0 0 1 1 

CMA ACC'-  ACC Complement ACC 0 0 0 1 0 0 0 0 1 1 

CIA ACC ~~+1 Complement A; Increment A 0 0 0 1 0 0 0 1 1 1 

CARRY FLAG 

CLC C+-0 Reset Carry F/F to zero 0 0 0 0 1 0 1 1 1 1 

STC C ~-1 Set Carry F/F to one 0 0 0 1 t 0 1 1 1 1 

TC Skip if C= 1 Skip if Carry F/F iz true 0 0 0 0 0 1 0 0 1 1+ S C- 1 

INCREMENT AND DECREMENT 

INC ACC"ACC+ 1
Skip if overtlow 

Increment A; Skip if overflow 
is generated 

0 0 0 0 1 1 0 1 1 1+S Overflow 

DEC ACC"ACC -  t 
Skip if underflow 

Decrement A; Skip if underflow 
occurs 

0 0 0 0 1 1 1 1 1 1+ S Underflow 

IND DPL~DPL+1 
Skip if DPL=OH 

Increment DPL; 
Skip if DPL SOH 

0 0 1 1 0 0 1 1 1 1+S DPL=OH 

OED DPL.-DPL-t 
Skip if DPL = FH 

Decrement DPL; 
Skip if DPL ~ FH 

0 0 0 1 0 0 t 1 1 1+S DPL-FH 

BIT MANIPULATION 

RMB data (DPlbit'-0 Reset a single bit (denoted by 
D1-D01 of RAM at the location 
addreued by DP to zero 

0 1 1 0 1 0 D1 p0 7 1 

SMB date IDPIbIt «-1 Set a single bit (denoted by Di Dp) 
of RAM at the location addressed 
by DP to one 

0 1 1 1 1 0 O1 DO 1 1 

REB date PEbit ~ 0 Reset a single bit (denoted by 
Di D0) of output Port E to zero 

0 1 1 0 0 1 D1 Op 1 2 

SEB data PEbit ~- 1 Set a single bit (denoted by Di D0) 
of output Port E to one 

0 1 t 1 0 1 D1 DO 1 2 

RPB data PIDPLIbit " 0 Reset a single bit (denoted by 
Di Op) of the Output port 
addressed by DPL to zero 

0 1 1 0 0 0 Di Dp 1 1 

SPB data PIDPLIbit'- 1 Set a single bit (denoted by D7 Dp) 
of the output pott addressed by 
DPL 

0 1 1 1 0 0 D1 Dp 1 1 

JUMP, CALL AND RETURN 

JMP address P10-0'-  D70-0 Jump to the address specified by 
11 bits of immediate da[a 

1 
D7 

0 
Dg 

1 
D5 

0 
Dq 

0 
D3 

Dip 
DZ 

Dg 
Di 

Dg 
DO 

Z 2 

JCP address P5-0 ~ D5-0 Jump to the address within the 
current ROM page specified by 
6 bits of immediate data 

1 1 D5 Oq Og DZ D7 DO 1 1 

JPA PS-2 ~ ACC 
P7 {) ~ 00 

Jump to the address within the 
current ROM page modified by 

~+CC 

0 1 0 0 0 0 0 1 1 2 

CAL addreu Stack ~P+2 

P70-0 ~ D10-0 

Stores return address lP+2l in 
the stack; call the subroutine pro- 
gram at the location specil fed by 
11 bits of immediate data 

1 
D7 

0 
Dg 

1 
DS 

0 
D4 

1 
D3 

Dip 
DZ 

Dg 
Di 

Dg 
DO 

2 2 

CZP address Stack ~- P + 1 
Pip{ —00000 
PS-2 ~ p3-0 
P1 {) x-00 

Store a return address IP + 11 in 
the stack; call the subroutine prD-
gram et one of sixteen locations in 
Page 0 of Field 0, specified by 4 
bits of immediate data 

1 0 1 1 Dg DZ D7 DO 1 1 

RT 

RTS 

P~ Stack 

P~ Stack 
Skip unconditionally 

Return from Subroutine 

Return from Subroutine; ski0 
unconditionally 

0 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

1 

1 

2 

1+ S Unconditional 
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INSTRUCTION SET 
(CONY.) 

MNEMONIC FUNCTION DESCRIPTION 

INSTRUCTION CODE 

BYTES CYCLES 
SKIP 

CONDITION DT D5 DS Dq D; D2 Dt Dp 

SKIP 

CI date Skip if ACC = DO{> Skip if ACC equals 4 bits of 
immediate data 

0 
1 

0 
1 

0 
0 

1 
0 

0 
D3 

t 
D2 

1 
DI 

1 
Dp 

2 2 + S ACC' D3U 

CM Skip if ACC = (DPI Skip if AOC equals the RAM 
contents addressed by DP 

0 0 0 0 1 1 0 0 1 1 + S ACC = (DPI 

CMB date Skip if ACCbit = (DPlbit Skip if the single bit (denoted by 
Dt Dp) of ACC, is equal to the 
single bit (also denoted by DI Opl 
of RAM addressed by DP 

0 0 1 1 0 1 Df Op t 1 +S ACCbit ` (DPlbit 

TAB data Skip if ACCbit = 1 Skip if the single bit (denoted by 
Dt Dpl of ACC is Lrue 

0 0 1 0 0 1 Dt Op t 1 + S ACCbit - ~ 

CLI data Skip if DPL = DO.p Skip if DPL equals 4 bits of 
immediate date 

0 
1 

0 
1 

0 
t 

1 
0 

0 
D3 

1 
D2 

1 
Dt 

0 
Dp 

2 2 + S DPL - Dgd 

TMB data Skip if (DPlbit = 1 Skip if the single bit (denoted bV 
Dt Dpl of the RAM location 
addressed by DP is true 

0 1 0 1 1 0 Dt Dp t 1 +S (DPlbit = 1 

TPA data Skip if Pgblt = 1 Skip if the single bit (denoted by 
Dt Dp) of Port A is true 

0 1 0 / 0 i Dt Dp 1 1 + S PAbit = 1 

TPB data Skip if PIDPLIbit = 1 Skip if the single bit (denoted by 
D7 Dpl of the input Port 
addressed by DPL is true 

0 1 0 1 0 0 D7 Dp 1 1 + S PIDPLIbit - t

INTERRUPT 

TIT Skip if INT F/F = 7 Skip it Interrupt F/F is true; 
Reset Interrupt F/F 

0 0 0 0 0 0 1 1 1 1 + S INT F/F - 7 

PARALLEL I/O 

IA ACC ~- PA Input Port A to ACC 0 1 0 0 0 0 0 0 1 t 

IP ACC ~-PIDPL) Input the Port addressed by 
DPL to ACC 

0 0 1 1 0 0 1 0 1 1 

OE PE ~ ACC Output ACC to Port E 0 1 0 0 0 1 0 0 1 1 

OP P(OPLI ~ ACC Output ACC to the port 
addressed by DPL 

0 0 0 0 1 1 1 0 1 1 

OCD PDg-0 •- D~-0 
PCO-0 ~- D3.p 

Output 8 bits of immediate 
data to Pons C and O 

0 
D7 

0 
D6 

0 
D5 

1 
Dq 

1 

D3 

1 
D2 

1 

Dt 

0 
Dp 

2 2 

CPU CONTROL 

NOP Perform no operation; con 
sume one machine cycle 

0 0 0 0 0 0 0 0 1 1 
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INSTRUCTION SET 
(CONY.) 

MNEMONIC FUNCTION DESCRIPTION 

INSTRUCTION CODE 

BYTES CYCLES 

SKIP 
CONDITION D7 D6 DS Dq D3 DZ Ot Dp 

TRANSFER 

TAW W »ACC Transfer ACC to W 0 1 0 0 0 0 t 1 1 2 

TAZ Z ~- ACC Transfer ACC to Z 0 1 0 0 0 0 1 0 1 2 

THX X »DPH Transfer DPH to X 0 1 0 0 0 1 t 1 1 2 

TLV V~ DPL Transfer DPL to V 0 1 0 0 0 t t 0 1 2 

EXCHANGE 

XAW ACC » W Exchange ACC with W 0 1 0 0 1 0 1 t 1 2 

XAZ ACC» 2 Exchange ACC with Z 0 1 0 0 t 0 1 0 1 2 

XHR DPH» R Ezchange DPH with R 0 1 0 0 1 1 0 1 t 2 

XHX DPH» X Ezchange DPH with X 0 1 0 0 1 7 1 1 1 2 

XLS DPL» S Register Exchange DPL wiM S Register 0 1 0 0 1 1 0 0 t 2 

XLV DPL» V Exchange DPL with V 0 t 0 0 1 1 1 0 1 2 

XC C»C' Exchange Carry F/F with 0 0 0 1 1 0 1 0 1 1 

Carry Sava F/F 

FLAG 

SFB FLAGbit .- 1 Set a single bit (denoted Dy Dt Dp) 
of FLAG Register to one 

0 1 t 1 1 1 Dt DO 1 2 

RFB FLAGbit » 0 Reset a single bit Idenoted Dy 0 1 2 0 t 1 Dt Dp 1 2 
Dt D01 of FLAG Register to zero 

FBT Skip if FLAGpIt = 1 Skip if a single bit Idenoted by 0 1 0 1 1 1 Dt Dp 1 2+ S FLAGbit = t 
Dt Dp) of the FLAG Register is 
true 

FBF Skip if FLAGDit = 0 Skip if a single bit Idenoted by 0 0 1 0 0 0 D7 DO 1 2+S FLAGbit =0 

01 Dp) of the FLAG Register is 
falu 

ACCUMULATOR 

RAR ACCn-t '-ACCn Rotate ACC right through 0 0 1 1 0 0 0 0 i t 
C ~- ACCQIn = 1 ~ 31 Carry F/F 

ACC3 «- C 

INCREMENT AND DECREMENT 

INM IDPI » (DPI + 1 
Skip if IDPI = OH 

Increment the RAM contents 
addressed by DP; Skip if the 
contents = OH 

0 0 0 t t 1 0 1 1 1+ S IDPI = OH 

DEM IDPI » IDPI - 1 
Skip if IDPI = FH 

Decrement the RAM contents 
addressed by DP; skip if the 
contents = FH 

0 0 0 7 1 1 7 1 t 1+ S IDPI = FH 

TIMER 

STM TIMER F/F»0 Reset Timer F/F to zero; Load 0 0 0 1 0 i 0 0 2 2 
TC » D5.0 Timer Counter with 6 bits of 

immediate data; Start timer 
1 0 DD Dq D3 DZ Dt Dp 

7TM Skip if TIMER F/F = t Skip if Timer F/F is true 0 0 0 0 0 1 0 1 t 1 +S TIMER F/F = 1 

INTERRUPT 

EI INTE F/F .- 1 Set Interrupt Enable F/F to 
o e; Enable Interrupt 

0 0 1 1 0 0 0 t 1 t 

DI INTE F/F »0 Reset Interrupt Enable F/F to 
zero; Disable Interrupt 

0 0 0 0 0 0 0 1 1 1 

µCOM-4DS-12-80-CAT 
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NEC Microcomputers, Inc. 

4-BIT SINGLE CHIP MICROCOMPUTERS 

NF: C 
µCOM-43 

DESCRIPTION The µCOM-43 4-bit single chip microcomputers described below comprise the high-
performance end of the µCOM-4 Microcomputer Family. They are distinguished from 
other µCOM-4 products by their larger ROM and RAM, their extensive 35 line I/O 
capability, and the 22 additional instructions of the Instruction Set. 

FEATURES • 2000 x 8 ROM 
• 96 x 4 RAM 

— Six 4-Bit Working Registers 
— One 4-Bit Flag Register 

• 10µs Instruction Cycle Time, Typical 
• 80 Powerful Instructions 

— Table Look-Up Capability with CZP and JPA Instructions 
— Single Bit Manipulation of RAM or I/O Ports 
— Ten Transfer and Exchange Instructions for Working Registers 
— Four Flag Instructions 

• 3-Level Subroutine Stack 
• Extensive I/O Capability 

— Two 4-Bit Input Ports (µPD557L has One) 
— Two 4-Bit I/O Ports 
— Four 4-Bit Output Ports (µPD557L has Two) 
— One 3-Bit Output Port (µPD557L has One 1-Bit Output Port Instead) 

• Programmable 6-Bit Timer 
• Hardware Interrupt 
• Built-In Clock Signal Generation Circuitry 
• Built-In RESET Circuitry 
• Single Power Supply 
• Low Power Consumption 
• PMOS or CMOS Technologies 
• 42-Pin Plastic DIP (28-Pin for µPD557L) 
• Choice of 4 Different Products to Suit a Variety of Applications 

Part # Technology 
Power 
Supply Package Features 

µPD546 PMOS —10V 42-pin DIP 

µPD553 PMOS —10V 42-pin DIP 35V Vacuum Fluorescent 
Display Drive 

µPD557L 

µPD650 

PMOS 

CMOS 

—8V 

+5V 

28-pin DIP 

42-pin DIP 
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µCOM-43 

PIp.2  I e/ie//iitii// l

H  

G 

/, 
RAM 

DECODER 
PH0.3 ~ 

PGO-3 ~ 

PFO-3 F ~/////I//~ 

RAM 
_ ~ 96x4 

PEp-3 E ~/////iii>~/ / , 

i 

PDO-3 ~~ D 

PCO-3 
///////i 

I/O 

PBO-3 INTERFACE 

A ~.✓... PAO-3 

UP/DOWN 
COUNTER 

DPL 

PH 

//

µCOM-43 
BLOCK DIAGRAM 

INSTRUCTION BUS 8 BIT 

~. 

//I//~
/ P-BUS 

/, 
//.

4 BIT 

RAM 
BUFFER 

4 BIT 

~l/////////I/l/////!l
4 BIT 

~--✓ 

8 BIT 

ALU 

O-BUS 
4 BIT 

C 

ACC 

CONTROL 

AND 
DECODE 

/1 

8 BIT 

TIMER 

CLp ~—~ 

8 BIT 

ROM 

2000 x 8 

10-BIT 

PROGRAM COUNTER 

INTERRUPT 

CONTROL 

1 
CL1 ~~ 

INf RES 

CLOCK 

GENERATOR 

Note: Block diagram above applies to µPD546, µPD553, and µPD650 4-blt mlcrocompute rs. The 
µPD557L block diagram is similar to the above, except that PB0-3, PG1.3, PHO-3, and 
PI0-2 have been eliminated to accommodate the µPD557 L's 28pin package. 

A 

r"_~ r,~J.;., 

-II- D 

- r-r 
 I ~ 
~i %% 

G 
—/~ M 

Plastic 

STACK 0 

STACK 1 

STACK 2 

µCOM-43 PACKAGE 
OUTLINES 

42-PIN DIP 
°~-15°  ~ µPD546C 

µPD553C 
µPD650C 

ITEM MILLIMETERS INCHES 

A 56.0 MAX 2.2 MAX 

8 2.6 MAX 0.1 MAX 

C 2.54 0.1 

D 0.5 * 0.1 0.02'_ 0.004 

E 50.8 2.0 

F 1.5 0.059 

G 3.2 MIN 0.126 MIN 

H 0.5 MIN 0.02 MIN 

I 5.22 MAX 0.20 MAX 

J 5.72 MAX 0.22 MAX 

K 15.24 0.6 

L 13.2 0.52 

M 0.3±0.1 0.01±0.004 
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28-PIN DIP 
µPD557LC 

,-, 

A 

=i _—~. 

P18EtIC 

F -yll— o 
_ ►. ~ 

ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX. 

B 2.49 0.098 

C 2.54 0.10 

D 0.5 ! 0.1 0.02 ~ O.00a 

E 33.02 1.3 

F 1.5 0.059 

G 2.54 MIN. 0.10 MIN. 

H 0.5 MIN. 0.02 MIN. 

I 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 0.6 

L 73.2 0.52 

M 0.25 ; 
O.OS 

0.01 a 0.002 

M 

0°-15 °

µCOM-43DS•17-80-CAT 
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NEC Microcomputers, Inc. 
NBC 
µ PD546 

4-BIT SINGLE CHIP MICROCOMPUTER 
DESCRIPTION The µPD546 is the original µCOM-43 4-bit single chip microcomputer. It is manu-

factured with a standard PMOS process, allowing use of a single -10V power supply. 
The µPD546 provides all of the hardware features of the µCOM-43 family, and exe-
cutes all 80 instructions of the µCOM-43 instruction set. 

PIN CONFIGURATION cL1 C 1 a2 C LO 
Pco C z 41 VGG 
Pct C 3 40 P63 
PC2 4 39 P82 

PC3 5 38 P81 

IFT 6 37 P80 
RESET C 7 36 PA3 

PDOC 8 35 PA2 
PD 1 C 9 34 PA1 
PD 2 10 µPo 33 PAp 
PD3 C 
PEO C 

11 

12 
546 

32 
31 

P12 
P11 

PE1 13 30 PIO 

PE2 14 29 PH3 

PE3 C 15 28 PH2 

PFO C 16 27 PH1 
PF1 17 26 PHO 
PF2 C 18 25 PG3 
PF3 C 19 24 PG2 

TEST C 20 23 PGI 

VSS C 21 22 PGO 

PIN NAMES 

PAO-P A3 Input Port A 

PBO-P 63 Input Port B 

PCO-PC3 Input/Output Port C 

PDO-PD3 Input/Output Port D 

PEO-P E3 Output Port E 

PFO-PF3 Output Port F 

PGO-PG3 Output Port G 

PHp-PH3 Output Port H 

PIO-P12 Output Port I 
_ 
INT 

~ 
Interrupt Input 

CLO-C L1 External Clock Signals 

RESET Reset 

VGG Power Supply Negative 

Vgg Power Supply Positive 

TEST Factory Test Pin 
(Connect to VSS) 

ABSOLUTE.MAXIMUM Operating Temperature  -10°C to+70°C 

RATINGS* StorageTemperature  -40°C to+125°C 
Supply Voltage  -15 to +0.3 Volts 

Input Voltages  - 15 to +0.3 Volts 

Output Voltages  -15 to +0.3 Volts 

Output Current (Ports C through I, each bit)   -4 mA 
(Total, all ports)   -25 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

'Ta = 25°C 
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ft PD546 

Ta =-70'C to+70°C; VOO=-10V 70% 

PARAMETER SYMBOL 

LIMITS TEST 
CONDITIONS MIN TVP MAX UNIT 

Inpu[ Voltage High VIH 0 -2.0 V 
PortsA through D, INT, 
RESET 

Input Voltage Low VIL -4.3 VC, C, V 
PortsA through D, INT, 
RESET 

Clock Voltage High V~H 0 -0.8 V CLp Input, External Clock 

Clock Voltage Low VmL -6.0 VOO V CLp Input, External Clo<k 

Input Leakage Current High ILIH +ip µA 
Ports A through D, INT, 
RESET, VI = -1 V 

Input Leakage Current Low ILIL _1p µA PonsA through O. INT, 
RESET, VI =-11V 

Clock Input Leakage Current High ILmH +200 µA CLp Input, VmH = OV 

Clock Input Leakage Currant Low ILL -200 µA CLp Input, V~L = -11 V 

Output Voltage High 

VOHi -1.0 V 
Ports C through I, 

IOH = -1 .0 mA 

VpH2 -2.3 V 
Ports C through 1, 

IOH =-3.3 mA 

Output Leakage Current Low ILOL _tp µA 
Pons C through I, 
VO=-11V 

Supply Current IC,O -30 -50 mA 

Ta = 25° C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 15 pF 

f = 1 MHz Output Capacitance Cp 15 pF 

Input/Output Capacitance CIO 15 pF 

Ta = -10°C to +70°C; VOO = -tOV . 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Oscillator Frequency i 150 440 KHz 

Rise and all Times y, tf 0 0.3 µs 

EXTERNAL CLOCK Clock Pulse Width High tmyyH 0.5 5.6 µs 

Clock Pulse Width Low t~yVL 0.5 5.6 µs 

uSS 

umH 

umL 

uGG 

1 /f 

~-- ~W H --~ f 'f't0W L 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 
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NEC Microcomputers, Inc. 
NBC 

µPD553 

4-BIT SINGLE CHIP MICROCOMPUTER 
DESCRIPTION The µPD553 is a µCOM-43 4-bit single chip microcomputer with high voltage outputs 

that can be pulled to -35V for direct interfacing to vacuum fluorescent displays. The 
µPD553 is manufactured with a standard PMOS process, allowing use of a single-tOV 
power supply. The µPD553 provides all of the hardware features of the µCOM-43 
family, and executes all 80 instructions of the µCOM-43 instruction set. 

PIN CONFIGURATION 

CLt C 7 42]CLp 
PCpC 2 at] VGG 
PC1 [ 3 40]P63 
PC2 C 4 39 ] F62 
PC3[ 5 38]PBt 

~T C 6 37 ] PBO 
RESET C 7 36 ] pq3 

PDOC 8 35 ] PA2 
PD 1 [ 9 34 ] PA i 
PD2 C 10 µPD 33 ] PAO 
PD3[it 32]PI2 
PEp[t2 553 31]Plt 
PE 1 C 13 30 ] P IO 
PE2[14 29]PH3 
PE3 [ 15 28 ] PH2 

PFOC16 27 ]PH7 
PFtCt7 26]PHO 
PF2 [ 18 25 ] PG3 

PF3 C 19 24 ] PG2 

TEST[20 23]PG1 
VSSC21 22]PGO 

PIN NAMES 

PAp-PA3 Input Port A 

PBO-PB3 Input Port B 

PCO-PC3 Input/Output Port C 

PDO-PD3 Input/Output Port D 

PEO-PE3 Output Port E 

PFO-PF3 Output Port F 

PGp-PG3 Output Port G 

PHO-PHg Output Port H 

Plp-P12 Output Port I 

CLO-CLt External Clock Signals 

INT Interrupt Input 

RESET Reset 

VGG Power Supply Negative 

VSg Power Supply Positive 

TEST Factory Test Pin 
(Connect to VSS) 

ABSOLUTE MAXIMUM Operating Temperature  -10°C to+70°C 

RATINGS* Storage Temperature   -40°C to+125°C 

Supply Voltage  -15 to +0.3 Volts 

Input Voltages (Port A, B, INT, RESET)  -15 to+0.3 Volts 

(Ports C, D)  -40 to+0.3 Volts 

Output Voltages  -40 to +0.3 Volts 

Output Current (Ports C through I, each bit)   -12 mA 

(Total, al l ports)   -60 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25°C 
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ft PD553 
Ta =-10°Cro+70`C; VGG=-10V n 10% 

PARAMETER SVMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TVP MAX 

Inpu[ Voltage High VIH 0 -3.5 V 
Ports A through D, INT, 

RESET 

Input Vol[age Low 
VIL1 -7.5 VGG V Ports A, B, INT. RESET 

VIL2 -7.5 -35 V Ports C, D 

Clock Voltage Nigh VmH 0 -0.8 V CLp Input, External Clock 

Clock Voltage Low V~L -6.0 VGG V CLp Input, External Clock 

Input Leakage Current High ILIH +10 µA 
POr[5 A through D, INT, 
RESET, VI =-1 V 

Input Leakage Current Low ILIL1 -10 PA 
Ports A through D, NI S, 
RESET, VI =-11V 

ILIL2 -30 µA Ports C, D. V I =-35V 

Clock Input Leakage Current High IL~H +200 µA CLp Input. VmH = OV 

Clock Input Leakage Current Low ILL -200 µA CLp Input, V6L=-11V 

Output Voltage High VOH -,2 0 V 
Ports C through I, 

IOH `-8 mA 

Output Leakage Current Low 
ILOL1 -10 pA 

Ports C through I, 
VO=-11V 

ILOL2 -30 µq Ports Cthrough 1, 
VO =-35V 

Supply Current IGG -30 -50 mA 

Ta = 25°C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 15 pF 

f = 1 MHz Output Capacitance CO 15 pF 

Input/Output Capacitance CIO 15 pF 

Ta = -10°C to +70°C; VOO =-10V = 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Oscillator Frequency f 150 440 KHz 

Rix and Fall Times tr, [f 0 0.3 µs 

EXTERNAL CLOCK Clock Pulse Width High tmyyH 0.5 5.6 µs 

Clock Pulse Width Low t~yyL 0.5 5.6 µs 

VSS 

upH 

V~L 

EGG 

_a. tr s— ~WH 

1/f 

tf ~wL 

DC CHARACTERIST►CS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 
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NEC Microcomputers, Inc. 

DESCRIPTION 

PIN CONFIGURATION 

4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
µPD557L 

The µPD557L is a µCOM-43 4-bit single chip microcomputer with high voltage out-

puts,and low power consumption. The outputs can be pulled to-35V for direct 

interfacing to vacuum fluorescent displays. The µPD557L is manufactured with a low-

power-consumption PM OS process, allowing use of a -8V, low current power supply. 

The µPD557L provides all of the hardware features of the µCOM-43 family, except 

that it has 21 I/O lines in a 28-pin dual-in-line package to reduce device cost. The 

µPD557 L executes all 80 instructions of the µCOM-43 instruction set. 

CL1

PCO 

PC1 

PC2 

PCg 

PDO 

PD1 

PD2 

PD3 

PEp 

PE1 

PE2 

PE3 

VSS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

za 

27 

26 

25 

24 

23 

µPD 22 

557E 21 

20 

19 

18 

17 

C Lp 

VGG 

RESET 

INT 

PA3 

PA2

PA1 

PAO 

PGp 

PF3 

PF2 

PF1 

PFO 

TEST 

PIN NAMES 

PAp-PA3 Input Port A 

PCO-PC3 Input/Output Port C 

PDp-PD3 Input/Output Port D 

PEp-PEg Output Port E 

PFO-PF3 Output Port F 

PGp Output Port G 

INT Inte rrupt Input 

CLO-CL1 External Clock Signals 

RESET Reset 

VGG Power Supply Negative 

VSS Power Supply Positive 

TEST Factory Test Pin 
(Connect to VSS) 

ABSOLUTE MAXIMUM Operating Temperature -10°C to+70°C 
RATINGS` Storage Temperature  -40°C to +125°C 

Suppfy Voltage  - 15 to +0.3 Volts 

Input Voltages (Port A, INT, RESET)   .-15 to +0.3 Volts 

(Ports C, D) -40 to +0.3 Volts 

Output Voltages  -40 to +0.3 Volts 

Output Current (Ports C, D, each bit)  -4 mA 

(Ports E, F, G, each bit)   -25 mA 

(Total, all ports)   -100 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sectio its of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended pe riod5 may affect device 
reliability. 

"Ta = 25°C 
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N°PD557L 

Ta =-10°C to +70°C; VGG =—S.OV ~ 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Voltage High VIH 0 —2.5 V Ports A, C, D, INT, RESET 

Input Voltage Low 
VIL t —6.5 VGG V Potts A, INT, RESET 

V I L2 —6.5 —35 V Ports C, D 

Clock Voltage High V~H 0 —0.6 V CLp Input, External Clock 

Clock Voltage Low V~L —5.0 VGG V CLO Input, External Clock 

Input Leakage Current High ILIH +10 µq Ports A, C, D, INT, RESET 
VI= -1V 

Input Leakage Current Low 
ILILt —10 µA 

Ports A, C, D, INT, RESET 

1 =—V 9V 

ILIL2 —30 µA Ports C, D, VI =-35V 

Clock Input Leakage Current High IL~H +200 µA CLO Input, V~H =0V 

Clock Input leakage Current Low IL6L —200 µA CLp Input, V6L =—BV 

Output Voltage High 
VOHi —1.0 V 

Ports C through G, 

IOH =-2 mA 

VpH2 —4.0 V Ports E, F, G, IOH =-20 mA 

Output Leakage Current Low 
ILOLt —10 µA 

Ports C through G, 
VO =—gV 

ILOLy —30 µA 
Ports C through G, 

V0= -35V 

Supply Current IGG —20 —36 mA 

Ta = 25°C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 15 pF 

f = 1 MHz Output Capacitance CO 15 pF 

Input/Output Capacitance CIO 15 pF 

Ta =-10°C to+70°C; VGG =-8.OV ~ 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Oscillator Frequency f 100 180 kHz 

Rise and Fall Times tr, t{ 0 0.3 µs 

External Clock Clock Pulse Wldth High tmyyH 2.0 6.0 µs 

Clock Pulse Width Low t~yyL 2.0 8.0 µs 

ASS 

VqH 

VQrL 

VGG 

tpwH

1/( 

f 2mwL -~ 

 ~ 1 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 

178 557 LDS-10$0-CAT 



NEC Microcomputers, Inc. 

4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
µ PD650 

DESCRIPTION The µPD650 is a µCOM-43 4-bit single chip microcomputer manufactured with a 

low-power-consumption CMOS process, allowing use of a single +5V power supply. 

The µPD650 provides alt of the hardware features of the µCOM-43 family, and exe-

cutes all 80 instructions of the µCOM-43 instruction set. 

PIN CONFIGURATION CL1 
PCp 
PC1 
PC2 
PC3 
IFJ T 

RESET 
PDO 
PDT 
PD2 
PD3 
PEp 
PE1 
PE2 
PE3 
PFp 
PF1 
PF2 
PF3 

TEST 

VCC 

az 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 

C Lp 
VSS 
P83 
P82 
P81 

PBp 
PA3 
PA2 
PA1 
PAp 
P12 
P11 
Plp 
PH3 
PH2 
PH 1 
PHp 
PG3 
PG2 
PG1 
PGp 

PIN NAMES 

PAp-PA3 In Put Port A 

PBp-P 83 Input Port 6 

PCp-PC3 Input/Output Port C 

PDT-P D3 Input/Output Port D 

PEp-PEg Output Port E 

PFp-PF3 Output Port F 

PGp-PG3 Output Port G 

PHp-PH3 Output Port H 

Plp-P12 Output Port I 

IIJT Interrupt Input 

CLp-C L1 External Clock Signals 

RESET Reset 

VCC Power SuDPIY Positive 

VSS Ground 

TEST Factory Test Pin 
(Connect to VCC) 

ABSOLUTE MAXIMUM Operating Temperature  —30°C to +85°C 

RATINGS" StorageTemperature  —55°C to+125°C 

Supply Voltage   - 0.3 to +7,Q Volts 

Input Voltages (Port A through D, INT, RESET)   -0.3 to+7.3 Volts 

Output Voltages   -0.3 to+7.3 Volts 

2  5 mA Output Current (Ports C through I, each bit I 
(Total, all ports)  28mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'T a = 25°C 
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Nr PD650 

DC CHARACTERISTICS 
Te = -30° C to +85° C; VCC = +SV ±10% 

PARAMETER SYMBOL 

LIMITS 

UN17 

TEST 

CONDITIONS MIN TYP MAX 

Input Voltage High VIH 0.7 VCC VCC y Ports A through D, INT 
RESET 

I nDut Voltage Low VIL 0 0.3 VCC V 
Pons A through D, INT 
RESET 

Clock Voltage High V~H 0.7 VCC VCC V CLO Input, External Clock 

Clock Vol[ags Low VmL 0 0.3 VCC V CLO Input, Ezternel Cloak 

Input Leakapa Current High ILIH +10 µA Ports A through D, INT 
RESET, VI =VCC 

Input Leakage Current Low ILIL -10 µA 
Ports A [hrouph D, INT, 
RESET, VI=OV 

Cloak Input Leekape Currant Hiph IL~H T200 µA CLO Input, VmH =VCC 

Clock Input Leekape Current Low ILOL -200 µA Clp Input, VmL = OV 

Output Voltepe Hiph 
VOH1 VCC -0.5 V 

Ports C through I, 

IOH'-1.0 mA 

VOH2 VCC -2.5 V 
Ports C through I, 
I 2.0 mA OH' -

OUtWt Voltepe Low 

VpL1 +0.6 V 
Ports E through I, 
IOL'+2.0 mA 

VOL2 +0.4 V 
Ports E through I, 
IOL'+1.2 mA 

Output Leakage Current Low I LOL -10 µA Porn C, D, VO = OV 

SuDDIy Current ICC +0.6 +2.0 mA 

Ta = 25° C 

iPARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Capacitance CI 15 pF 

f = 1 MHz Output Capacitance CO 15 pF 

Input/Output Capacitance CIO 15 pF 

Ta = -30° C to +g5° C; VCC = +5 ! 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Oscillator Frequency f 150 440 KNz 

Rise and Fall Times tr, tt 0 0.3 µS 

EXTERNAL CLOCK Clock Pulse Witlth High tmyyH 0.5 5.6 µS 

Clock Pulse Width low tmyyL 0.5 5.6 µ5 

VCC 

V~H 

V~L 

V SS 

tr
~WH 

1 ~f 

tf 
AWL 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 

180 650 DS- 7 O-SO-CAT 



NEC Microcomputers, Inc. 

4-BIT SINGLE CHIP MICROCOMPUTERS 

NBC 
IttCOM-44 

DESCRIPTION The µCOM-44 4-bit single chip microcomputers described below comprise the 
medium-performance portion of the µCOM-4 Microcomputer Family. They are dis-
tinguished from other µCOM-4 products by their ROM and RAM, and their extensive 
35 l ine I/O capability. 

FEATURES 1000 x 8 ROM 
• 64 x 4 RAM 
• 10µs Instruction Cycle Time, Typical 
• 58 Powerful Instructions 

— Table Look-Up Capabil ity with CZP and JPA Instructions 
— Single Bit Manipulation of RAM or I/O Ports 

• 1-Level Subroutine Stack (µPD651 has a 2-Level Stack) 
• Extensive I/O Capability 

— Two 4-Bit Input Ports 
— Two 4-Bit I/O Ports 
— Four 4-Bit Output Ports 
— One 3-Bit Output Pori 

• Software Testable Interrupt 
• Built-In Clock Signal Generation Circuitry 
• Built-In RESET Circuitry 
• Single Power Supply 
• Low Power Consumption 
• PMOS or CMOS Technologies 
• 42-Pin Plastic DIP 
• Choice of 5 Different Products to Suit a Variety of Applications 

Part # Technology 
Power 
Supply Package Features 

µPD547 

µPD547L 

PMOS 

PMOS 

-10V 

-SV 

42-pin DIP 

42-pin DIP 

µPD552 PMOS -10V 42-pin DIP 
35V Vacuum Fluorescent 
Display Drive 

µPD651C 

µPD651G 

CMOS 

CMOS 

+5V 

+5V 

42-pin DIP 

52-pin Flat 
Plastic 
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µcorm-aa 
µCOM-44 
BLOCK DIAGRAM 

Plp ~ G 

PHO 3 G 

PGO-g 

PFp.3 

PE0.3

PD0.3 

PCO-3 

PBO-3 l 

PAO A 

. ~ 
i 

UP/DOWN 
COUNTER 

i }

INSTRUCTION BUS B BIT 

RAM 
DECODER 

DPL  ALU 

iiii/ ~~~' 

G 
i 
i 

RAM 
64x 4 

////~ 

~~-+ ~I""" 

i 

~ 

D-BUS 
4 BIT 

W 

PH ~/ //</ 

4 BIT 

ACC it/~  RAM 

BUFFER 
i 

i 
i 

i 
r~ %/ i 4 BIT 

//// 7///// 

IIO 
4 BIT 

INTERFACE 8 BIT 

~_ 

A 

E 

CONTROL 

AND 
DECODE 

8 BIT 

C LO ~a 

CL1 ~~ 

CLOCK 
GENERATOR 

0° -1 

ITEM MILLIMETERS INCHES 

A 56.0 MAX 2.2 MAX 

8 2.6 MAX 0.1 MAX 

C 2.54 0.1 

D 0.5±0.1 0.02±0.004 
E 50.8 2.0 
F 1.5 0.059 
G 3.2 MIN 0.126 MIN 
H 0.5 MIN 0.02 MIN 
1 5.22 MAX 0.20 MAX 

J 5.72 MAX 0.22 MAX 

K 15.24 0.6 

L 13.2 0.52 

M 0.3±0.1 0.01±0.004 

8 BIT 

ROM 
1000x 8 

18-B T 
PROGRAM COUNTER 

STACK 0 

STACK 1 

p PD651 ONLY) 

o I 
INT RES 

µCOM-44 PACKAGE 
OUTLINES 

42-PIN DIP 
µPD547 
µPD547 L 
µPD552 
µPD651C 
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µCOM-44 

52-PIN FLAT PLASTIC 
PACKAGE 
µPD651G fl ~

pppppp1p  
II IIIII',IIII II~ 

O 

u 
E 

uu 
D 

G 

ITEM MILLIMETERS INCHES 

A 12.0 MAX. 0.47 MAX. 

B 1.0 ~0.1 0.04 0.004 

C 14.0 0.5E 

D 0 4 0.016 

E 21 .8 . 0 4 0.86 0.016 

F 0.15 0.006 

G 2.6 01 

u COM-44 DS-1 2-80-CAT 

183 



NOTES 

t $a 



NBC 
NEC Microcomputers, Inc. ~,~, PD547 

4-BIT SINGLE CHIP MICROCOMPUTER 
DESCRIPTION 

PIN CONFIGURATION 

The µPD547 is the original µCOM-44 4-bit single chip microcomputer. It is manu-

factured with a standard PMOS process, allowing use of a single - tOV power supply. 

The µPD547 provides all of the hardware features of the µCOM-44 family, and exe-

cutes all 58 instructions of the µCOM-44 instruction set. 

CL1C 1 42]CLp 
PCp C 2 41 ]VGG 
PC 1 C 3 40 ] P83 
PCy C 4 39 ] FBy 
PC3 C 5 38 ] PB 1 
~C 6 37]PBp 

RESET C 7 36 ]PA3 

PDOC 8 35]PAy 
PD 1 C 9 34 ] PA 1 
POy C 10 µPD 33 ]PAp 
PD3C 11 547 32 Ply 
PEO [ 12 31 P11 
PE1 C 13 30 ] Plp 

PEy C 14 29 ~] PH3 
PE3 C 15 28 ] PHy 

PFOC16 27 ]PH1 
PF1C17 26]PHp 
PFy C 18 25 ]PG3 
PF3 C 19 24 ] PGy 

TEST [ y0 23 ] PG 1 
ass C 21 z2 ] PGO 

PIN NAMES 

PAp-PA3 Input Port A 

PBp-P83 Input Port B 

PCp-PC3 Input/Output Port C 

PDO-PD3 Input/Output Port D 

PEO-PE3 Output Port E 

PFO-PF3 Output Part F 

PGO-PG3 Output Port G 

PHp-PH3 Output Port H 

Plp•Ply Output Port I 

IfVT Interrupt Input 

CLp-CL1 External Clock Signets 

RESET Reset 

VGG Power Supply Negative 

VSS Power Supply Positive 

TEST Factory Teat Pin 
(Connect to VSS~ 

ABSOLUTE MAXIMUM Operating Temperature  -10°C to+70°C 

RATINGS" Storage Temperature  -40°C to+125°C 

Supply Voltage -15 to +0.3 Volts 

Input Voltages  -15 to +0.3 Volts 

Output Voltages  -15 to +0.3 Volts 

Output Current (Ports C through I, each bit)  -4 mA 

(Total, all ports)   -25 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods maY affect device 

reliability. 

"Ta = 25°C 
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µ PD547 
Ta = -10° C to +70°C; VGG = -1 OV > 10% 

PARAMETER SYMBOL 

LIMITS TES7 
CONDITIONS MIN 7VP MAX UNIT 

Input Voltage High VIH 0 -2.0 V 
Ports A through D, INT, 
RESE7 

Input Voltage Low VIL -4.3 VGG V Ports A through D. INT, 
RESET 

Clock Voltage High VmH 0 -0.8 V CLO Input, External Clock 

Clock Voltage Low VmL -6.0 VGG V CLO Input, External Clock 

Input Leakage Current High ILIH +10 µA 
Ports A through D, INT, 
RESE7, VI = -1V 

Input Leakage Current Low ILIL -10 µq Ports A through D, INT, 
RESET, VI = -11 V 

Clock Input Leakage Current High I L~H +200 µA CLO Input, Vy,H = OV 

Clock Input Leakage Current Law I LmL -200 µA CLO Input, VdL = -11 V 

Output Voltage High 

VOHi -1.0 V 
Ports C through I, 

IOH = -1.0 mA 

VpH2 -2.3 V
Ports C through I, 

IOH = -3.3 mA 

Output Leakage Current Low ILOL _1p µA 
Ports C through I, 
VO=-11V 

Supply Current IGG -30 -50 mA 

Ta = 25°C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 15 pF 

f = 1 MHz Output Capacitance CO 15 pF 

Input/Output Capacitance CIO 15 pF 

Ta = -10°C to +70°C; VGG = -1 OV ± 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Oscillator Frequency t 150 440 KHz 

Rise and Fall Times tr, tf 0 0.3 µs 

EXTERNAL CLOCK Clock Pulse Width High tmyyH 0.5 5.6 µs 

Clock Pulse Width Low tmyyL 0.5 5.6 µs 

VSS 

VmH 

VmL 

VGG 

[ r

1 /f 

~WH~ tf ftmW L —a., 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 
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NEC Microcomputers, Inc. 
NBC 

Et PD547 L 

4-BIT SINQLE CHIP MICROCOMPUTER 
DESCRIPTION The µPD547L is a µCOM•44 4-bit single chip microcomputer, manufactured with the 

low power consumption PMOS process, allowing use of a single -8V power supply. The 

µPD547L provides all of the hardware features of the µCOM-44 family, and executes 
all 58 instructions of the µCOM-44 instruction set. 

PIN CONFIGURATION CL~ 
PCp 
PCI 
PC2 
PC3 
IF1T 

RESET 
PDp 
PD ~ 
PD2 
PD3 
PEp 
PEt 

PE2 
PE3 
PFp 
pF,

PF 
P F -. 

T E S'r 
V gS 

µPD 

647E 

az 
41 

a0 
39 
36 
37 
36 
35 
34 
33 
32 
3t 
30 
29 
26 
27 

26 
25 
2a 
23 
22 

CLp 

EGG 
P83 
P82 
PBt 

PBp 
PA3 
PA2 
PAI 
PAp 
Pt2 
Plt 
Plp 
PH3 
PH2 

PHt 
PHp 
PG3 
PG2 
PGI 
PGp 

PIN NAMES 

PAp-P A3 Input Port A 

PBp•P83 Input Port B 

PCp-PCg Input/Output Port C 

PDp-P D3 Input/Output Port D 

PEp-P E3 Output Port E 

PFp•PFg Output Port F 

PGp•PGg Output Port G 

PHp-P H3 Output Port H 

Plp-P12 Output Port I 

1{VT Interrupt Input 

CLp-CL~ External Clock Signals 

RESET Reset 

VGG Power Supply Negative 

VSg Power Supply Positive 

TEST Factory Test Pin 
(Connett to VSSI 

ABSOLUTE MAXIMUM Operating Temperature  -10°C to+70°C 

RATINGS" Storage Temperature  -40°C to+125°C 

Supply Voltage  -15 to +0.3 Volts 

Input Voltages  -15 to +0.3 Volts 

Output Voltages  - 15 to +0.3 Volts 

Output Current (Ports C through I, each bit)   -4 mA 

(Total, all ports)   -25 mA 

COMMENT: Stress above ?hose l isted under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25~C 
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µ PD547L 
Ta ' -70"C to *70"C; VGG =-BV z 70% 

PARAMETER SYMBOL 

LIMITS 
TEST 

CONDITIONS MIN TVP MAX UNIT 

Input Voltage High VIH 0 -1.6 V 
Ports A through D, INT. 
RESET 

Input Voltage Low VIL -3b VGG V 
Ports A through D, INT, 

BESET 

Clock Voltage High VmH 0 -0.6 V CLp Input, External Clock 

Clock Voltage Low VAL -5.0 VGG V CLp Input, External Clock 

Input Leakage Current High ILIH +10 pA 
Ports A through D, INT, 

RESET, VI =-1V 

Input leakage Current Low ILIL 
_ 10 uA 

POrtsA through D. INT, 
RESET, VI --gV~ 

Clock Input Leakage Current High ILmq +200 yA CLp Input, VAH = OV 

Clock Inpu[ Leakage Current Low ILL -700 pA CLp Input, Vq,L ~-gV 

Output Voltage High 

VOg1 -7.0 V 
Ports C through I, 

10H=_1.0 mA 

VpH7 -7.3 V 
Ports C through I, 

IOH `-3.3 mA 

Output Leakage Current Low ILOL -70 pA 
Ports C through I 

VG.s-gV 

Supply Current IGG -15 -25 mA 

Ta ` 15~C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 15 pF 

f 7 MHz Output Capxitance CG 15 pF 

Input/Output Capacitance CIG 75 pF 

Ta = -10° C to +70° C; VGG = -BV z 70% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Oscillator Frequency f 100 180 KHz 

Rise and Fall Times tr, tf 0 0.3 ps 

EXTERNAL CLOCK Clock Pulse Width High tmyyH 2-0 8.0 µs 

Clock Pulsa Width Low tmyyL 2.0 8.0 µs 

VSS 

V~H 

umL 

EGG 

1If 

s— 7mWFi —~ -~tpW L

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 

547 LS-1050-CAT 
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NEC Microcomputers, Inc. 

DESCRIPTION 

PIN CONFIGURATION 

4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
µPD552 

The µPD552 is a µCOM-44 4-bit single chip microcomputer with high voltage outputs 

that can be pulled to -35V for direct interfacing to vacuum fluorescent displays. The 

µPD552 is manufactured with a standard PMOS process, allowing use of a single - lOV 

power supply. The µPD552 provides all of the hardware features of the µCOM-44 

family, and executes all 58 instructions of the µCOM-44 instruction set. 

CL1C 1 42]CLp 
PCpC 2 41 ]VGG 
PC1[ 3 40]P83 
PC2 C 4 39 ] PB2 
PC3 [ 5 38 ] P6 1 
INTO 6 37]pBp 

RESET[' 7 36 ] pq3
PDp[ B 35 ] PA2 
PD 1 [ 9 34 ] PA 1 
PD 2 [ 10 pp 33 ]PAp 
PD3[11 

µ 
32]P12 

PEp [ 72 552 
31 ] P11 

PE1 [ 13 30] Plp 
PE2 [ 14 29 ]PH3 
PE3 [ 15 28 ] PH2 
PFO[16 27 ]PH1 
PF1[17 26]PHp 
PF2 [' 18 25 ] PG3 
pF3C19 24]PG2 

TEST C 20 23 ] PG 1 
ass C z1 zz ] PGo 

PIN NAMES 

PAp-PA3 Input Port A 

PBp-PB3 Input Port B 

PCp-PC3 Input/Output Port C 

PDp-PD3 Input/Output Port D 

PEp-PE3 Output Port E 

PFp-PF3 Output Port F 

PGp-PG3 Output Port G 

PHp-PH3 Output Port H 

Plp-PI2 Output Port I 

TNT Interruptlnput 

CLp-CL1 External Clock Signals 

RESET Reset 

V Gr, Power Supply Negative 

VSS Power Supply Positive 

TEST Factory Test Pin 
(Connect to VSS) 

ABSOLUTE MAXIMUM Operating Temperature  - 10°C to+70°C 

RATINGS* Storage Temperature   -40°C to+125°C 

Supply Voltage  -75 to+0.3 Volts 

Input Voltages (Port A, B, INT, RESETI  -15 to+0.3 Volts 

(Ports C, D) -40 to +0.3 Volts 

Output Voltages  -40 to +0.3 Volts 

Output Current (Ports C through I, each bit)   -12 mA 

(Total, all ports)   -60 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may attect device 
reliability. 

"Ta = 25°C 
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µ PD552 
7a = -10` C co +70°C; VGG =-tOV n 10% 

PARAMETER SV MBGL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN 7VP MAX 

Input Voltage High V lly 0 -3.5 V 
Ports A through O, INT, 
RESET 

Input Voltage Law 
VIL t -7.5 VGG V Ports A, B, INT, RESET 

V I L2 -7.5 -35 V Ports C, D 

Clock Voltage High V~H 0 -0.6 V CLO Input, External Clock 

Clock Voltage Low V~L -6.0 VGG V CLO Input, External Clock 

Input Leakage Current High ILIH +10 µA 
Portt A through D, INT, 
RESET, VI = -1 V 

Input Leakage Currem Low 1LIL1 -10 µA 
Ports A through D, omI , 
RESET, VI =-11V 

IUL2 -30 µA Ports C, D, VI = -35V 

Clock Input Leakage Current High ILmH +200 µA CLO Input, V~H = OV 

Clock Input Leakage Current Low ILL -200 µA CLp Input, VOL=-itV 

Output Voltage High VpH -2.0 V 
Ports C through I, 
IOH=-8 mA 

Output Leakage Current Low 
ILOLI -10 µq 

Ports C through I, 
V0= -11V 

ILOL2 -30 µA 
Ports C through I, 
Vp=-35V 

Supply Current IGG -30 -50 mA 

Ta = 25° C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 15 pF 

t = i MHz Output Capacitance CO 15 pF 

Input/Output Capacitance CIO 15 pF 

Ta = -10° C to +70° C; VGG = -10V a 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Oscillator Frequency f 150 440 KNz 

Rise and Fall Times tr, tf 0 0.3 µs External Clock 

Clock Pulse Width High tmyyH 0.5 5.6 µs 

Clock Purse Width Lqw tmyyL 0.5 5.6 µs 

ASS 

VJN 

~w^L 

EGG 

1/f 

t©W I„I -~ f -t—t~W L ~., 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 
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NEC Microcomputers, Inc. 
4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
ft PD651 

DESCR IPTION The µPD651 is a µCOM-44 4-bit single chip microcomputer manufactured with a 
low-power-consumption CMOS process, allowing use of a single +5V power supply. 
The µPD651 provides all of the hardware features of the µCOM-44 family, except 
that it has two subroutine stack levels to enhance software development. The µPD651 
executes all 58 instructions of the µCOM-44 instruction set, and it is available either in 
a 42-pin Dual-in-line package (µPD651C1, or in aspace-saving 52-pin Flat-package 

(µPD651G1. 

PIN CONFIGURATION a, 
PCp 
PCI 
PCB 
PC3 

RESET 
PDp 
PDI 
POz 
PD3 
PEp 
PEI 

PEA 

PE3 
PFp 
PFI 
PFy 
PF3 

T ES7 

VCC 

Nct 
~vcr 
~N,r 

V Or 

IIZ  

D apr

vq1 ~ 

6~ l 

C ~p 
vS5 
Pea 
Paz 

Pel 

Pfip 

PA3 
PAZ 
PAI 

PAQ 

PIZ 

PII 

Plp 

PH3 

PH2 

PHI 

PHp 
DG3 

PG2 
PGI 
PGp 

19
~111111~~I111~

~0 
30 377 

~t 
"3 

.a pPD651G 

b 

.9 

60 

.V~ 
3 

Jl 

19 

19 

uuuuuouuuu' 

Nc 
Nc 

 I.Ej 

 1"EI 

7"E° 

 1 ~°~ 

 1"°t 

 I.O r

 IH EEI 

 1NC 

PIN NAMES 

PAG-P A3 Input Port A 

PBp-P 63 Input Port B 

PCp-PC3 Input/Output Port C 

PDG-P D3 Input/Output Port D 

PEp-PE3 Output Port E 

PFp-PF3 Output Port F 

PGp-PG3 Output Port G 

P Hp•PH3 Output Port H 

Plp-Ply Output Port I J

INT Interrupt Input 
I 

CLp-C Lt External Clock Signals 

RESET Reset 

VCC Power Supply Positive 

Vgg Gro untl 

TEST Factory Test Pin 
(Connect to VCC( 

NC No Connection 

ABSOLUTE MAXIMUM Operating Temperature  -30°C to+85°C 

RATINGS* StorageTemperature  -55°C to+125°C 

Supply Voltage   -0.3 to +7,p Volts 

Input Voltages (Port A through D, INT, RESET)   -0.3 to+7.3 Volts 

Output Voltages   -0.3 to+7.3 Volts 
Output Current (Ports C through I, each bit) 2  5 mA 

(Total, all ports)   28 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may effect device 
reliability. 

"Ta = 25°C 
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µPD651 

Ta = -30° C to +85° C; VCC = +5 V ~ 10% 

PARAMETER SVM80L 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TVP MAX 

Input Voltage High VIH 0.7 VCC VCC V 
Ports A thrauph D, INT 
RESET 

Input Voltage Low VIL 0 0.3 VCC V 
Ports A through D, INT 
RESET 

Clock Voltage High VmH 0.7 VCC VCC V CLO Input, External Clock 

Clock Voltage Low VmL 0 0.3 VCC V CLO Input, External Cloak 

Input Leakage Current High ILIH +70 µq 
Ports A through D, INT 
RESET, VI =VCC 

Input Leakage Current Low ILIL -10 µp' 
Ports A through D, INT, 
BESET, VI =0V 

Cloak Input Leakapa Current High ILmH +200 µA CLO Input, VmH' VCC 

Clock Input Leakpe Currant Low ILmL -200 µA CLO Input, VmL = OV 

Output Voltepe Hiph 
VOH1 VCC -0.5 V 

Ports C thrauph I, 

IOH --1.0 mA 

VOH2 VCC 2 5 V 
Pory C through I, 
I OH = -2.0 mA 

Output Voltepe Low 

VOL1 +0.6 V 
Ports E through I, 
IOL=+2.0 mA 

VpL2 +0.4 V 
Portf E through I, 

IOL =+1.2 mA 

Output Lsakepe Current Low ILOL -10 µA Ports C, D, VO ~ OV 

SuDDIy Currant ICC +0.8 +2.0 mA 

Ta = -30°C to +65°C; VCC = +5 - 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Oscillator Frequency f 750 440 KHz 

Rise and Fall Times tr, t} 0 0.3 µS 

EXTERNAL CLOCK Clock Pulse Width High tmWH 0.5 5.6 µS 

Clock Pulse Width Low t~yyL 0.5 5.6 µ8 

VCC 

~~H 

V0L 

USS 

tr

1/f 

s -- ~W H ~ tf ~'_~WL

Ta - 26° C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Cepacltance CI i6 pF 

i - 1 MHz Output Cepeclunce ~ Cp 16 OF 

Input/Output Cepeeltance Clp 16 DF 

DC CHARACTERISTICS 

AC CHARACTERISTICS 

CLOCK WAVEFORM 

CAPACITANCE 

651 DS10.80-CAT 
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NEC Microcomputers, Inc. 

4-BIT SINGLE CHIP MICROCOMPUTERS 

NBC 
ftCOM-45 

DESCRIPTION The µCOM-45 4-bit single chip microcomputers described below comprise the 
lower-performance portion of the µCOM-4 Microcomputer Family. They are dis-
tinguished from other µCOM-4 products by their smaller ROM and RAM, and their 
reduced 21 line I/O capability. 

FEATURES 1000 x 8 ROM (µPD550 and µPD550L have 640 x 8 ROM) 
• 32 x 4 RAM 
• 10µs Instruction Cycle Time, Typical 
• 58 Powerful Instructions 

— Table Look-Up Capability with CZP and JPA Instructions 
— Single Bit Manipulation of RAM or I/O Ports 

• 1-Level Subroutine Stack 
• Extensive I/O Capability 

— One 4-Bit Input Ports 
— Two 4-Bit I/O Ports 
— Two 4-Bit Output Ports 
— One 1-Bit Output Port 

• Software Testable Interrupt 
• Built-In Clock Signal Generation Circuitry 
• Built-In RESET Circuitry 
• Single Power Supply 
• Low Power Consumption 
• PMOS or CMOS Technologies 
• 28-Pin Plastic DIP 
• Choice of 5 Different Products to Suit a Variety of Applications 

Part # Technology 
Power 
Supply Package Features 

µPD550 

µPD550L 

µPD554 

µPD554L 

PMOS 

PMOS 

PMOS 

PMOS 

—10V 

—8V 

—10V 

—8V 

28-pin DIP 

28-pin DIP 

28-pin DIP 

28-pin 

35V Vacuum Fluorescent 
Display Drive 

µPD652 CMOS -15V 28-pin 
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~ttC 0 M-45 

PGO 

PFp-3 

PEp.3 C 

PDO-3 ~ T"~'

PCO-3 

~+ PAO-3 ~!' A 

UP/DOWN 
COUNTER 

RAM 
DECODER 

i // 

// 

I/O 
INTERFACE 

DPL 

µCOM-45 
BLOCK DIAGRAM 

INSTRUCTION BUS 8 BIT 

DPH 

/iii/A

i P-BUS 

~ll

4 BIT 

RAM 
BUFFER 

~~--

yy /

~I`"'~ 

 7 

v ~ 

4 BIT j 

e//1////////i~
4 BIT 

A 

ALU 

O~BUS 
4 BIT 

,t~ 

W 

8 BIT 

ACC 

CONTROL 

AND 
DECODE 

8 BIT 

~- .r, r -. .-, .-. .-~ r-. .-, 

yll— D 

 -'I 

G 

C LO P-+ 

CLt r~ 

CLOCK 
GENERATOR 

AC L , 

8 BIT 

INT 
F/F 

1 
INT 

ROM: 

µP0550 ~ 640 x 8 
µPD550L 

µPD554 

µ PD554L 1000 x 8 
µPD652 

10-BIT 
PROGRAM COUNTER 

n 

I 
R ES 

V 
STACK 0 

µCOM-45 PACKAGE 
OUTLINE 

28-PIN DIP 
µPD550C 

_ ,.._ µPD550LC 
o° _ i 5° µPD554C 

µPD554LC 
µPD652C 

ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX. 

B 2.49 0.098 

C 2.54 0.10 

D 0.5 ~ 0. t O.o2 ~ O.00a 

E 33.02 1.3 

F 1.5 0.059 

G 2.54 MIN. 0.10 MIN. 

H 0.5 MIN. 0.02 MIN. 

I 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 0.6 

L 13.2 0.52 

M 0.25 + 0.10 
0.01 

0.004 
0.05 0.002 

µCOM-45 DS-12-80-CAT 
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NEC Microcomputers, Inc. 

4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
ft PD550 

DESCRIPTION The µPD550 is a µCOM-45 4-bit single chip microcomputer with high voltage outputs 
that can be pulled to -35V for direct interfacing to vacuum fluorescent displays. The 

µPD550 is manufactured with a standard PMOS process, allowing use of a single - 10V 

power supply. The µPD550 provides all of the hardware features of the µCOM-45 

family, except that it has a 640 x 8 bit ROM to reduce device cost. The µPD550 exe-

cutes all 58 instructions of the µCOM-45 instruction set. 

PIN CONFIGURATION 
CL1 

PCO 

PC1 

PC2 

PC3 

PDO 

PD1 

PD2 

PD3 

PEO 

PE1 

PE2 

PE3 

VSS 

23 

µPD 22 
550 $1 

20 

19 

18 

17 

C LO 

VGG 

RESET 

INT 

PA3 

PA2 

PA1 

PAO 

PGO 

PFg 

PF2 

PF1 

PFO 

TEST 

PIN NAMES 

PAp-pA3 Input Port A 

PCp-PC3 Input/Output Port C 

PDp-PD3 Input/Output Port D 

PEp-PE3 Output Port E 

PFp-PF3 Output Port F 

PGp Output Port G 
CLO-CL1 External Clock Signals 

INT Interrupt Input 

RESET Reset 

VGG Power Supply Negative 

VSS Power Supply Positive 

TEST Factory Test Pin 
(Connect to VSS) 

ABSOLUTE MAXIMUM Operating Temperature -10°C to+70°C 
RATINGS" Storage Temperature  -40°C to +125°C 

Supply Voltage -15 to +0.3 Volts 
Input Voltages (Port A, NI T, RESET)   .-15 to +0.3 Volts 

(Ports C, D) -40 to +0.3 Volts 
Output Voltages  -40 to +0.3 Volts 
Output Current (Ports C, D, each bit)  -4 mA 

(Ports E, F, G, each bit)   -15 mA 
(Total, all ports)   - 60 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Ta = 25~C 
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N, PD550 
Ta = -10°C [o +70°C; VGG = -10V t 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Voltage High VIH 0 -2.0 V Ports A, C, D, NI T, RESET 

Input Voltage Low VIL7 -4.3 VGG V Ports A, INT, RESET 

VILA -4.3 -35 V Ports C,D 

Clock Voltage High VmH 0 -0.6 V CLp Input, External Clock 

Clock Voltage Low V~L -6.0. VGG V CLO Input, External Clock 

Input Leakage Current High ILIH +10 µq Ports A, C, D, INT, RESET 

VI =-1V 

Input Leakage Current Low 
I LI L7 _70 µA 

Ports A, C, D, INT, RESET 

VI -11 V 

I LI LZ -30 µA Ports C, D, V I = -35V 

Clock Input Leakage Current High ILmH +200 µA CLp Input, V01.1 = OV 

Clock Input Leakage Current Low I L0L -200 µA CLp Input, VmL =-11 V 

Output Voltage High 
VOH 7 -1.0 V Ports C, D, IOH =-2 mA 

VOHZ -2.5 V Ports E, F, G, IOH = -10 mA 

Output Leakage Current Low 
ILOL7 _70 µA 

Ports C through G, 
VO 11 V 

ILO LZ -30 µA 
Ports C through G, 
V0= -35V 

Supply Current IGG -20 -40 mA 

Ta = 25°C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 15 pF 

t= 7 MHz Output Capacitance CO 15 pF 

Input/Output Capacitance CIO 75 pF 

a = -10° C to +70° C; VGG = -10 V ± 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TYP MAX 

Oscillator Frequenry f 750 4d0 KHz 

Rita and Fall Timas tr, tf 0 0.3 µt 

External Clack Clock Pulse Width High tOWH 0,5 5.6 µs 

Clock Pulse Width Low tmW L 0.5 5.f3 µs 

ASS 

VmH 

umL 

VGG 

tr tm~dH 

1 /f 

t{ ~tmWL 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 
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NEC Microcomputers, Inc. 

DESCRIPTION 

PIN CONFIGURATION 

4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
Nr PD550L 

The µPD550L is a µCOM-45 4-bit single chip microcomputer with high voltage out-
puts, and low power consumption. The outputs can be pulled to -35V for direct 
interfacing to vacuum fluorescent displays. The µPD550L is manufactured with a low-
power-consumption PMOS process, allowing use of a -8V, low current power supply. 
The µPD550L provides all of the hardware features of the µCOM-45 family, except 
that it has a 640 x 8 bit ROM to reduce device cost. The µPD550L executes all 
58 instructions of the µCOM-45 instruction set. 

CL1 

PCO 

PC1 

PC2 

PC3 

PDO 

PD1 

PD2 

PD3 

PEp 

PE1 

PE2 

PE3 

V SS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

µPD 
550E 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

C LO 

VGG 

RESET 

INT 

PA3 

Pq2 

PAi 

PAO 

PGO 

PF3 

PF2 

PF1 

PFO 

TEST 

PIN NAMES 

PAp-P A3 Input Port A 

PCp-PC3 Input/Output Port C 

PDO-P D3 Input/Output Port D 

PEp-PE3 Output Port E 

PFp-PFg Output Port F 

PGO Output Port G 

CLO-CL1 External Clock Signals 

INT Interrupt Input 

RESET Reset 

VGG Power Supply Negative 

VSS Power Supply Positive 

TEST Factory Test Pi n 
(Connect to VSS) 

ABSOLUTE MAXIMUM Operating Temperature -10°C to+70°C 

RATINGS" Storage Temperature  -40°C to +125°C 
Supply Voltage -15 to +0.3 Volts 
Input Voltages (Port A, NI T, RESET)   .-15 to +0.3 Volts 

(Ports C, D) -40 to +0.3 Volts 
Output Voltages  -40 to +0.3 Volts 
Output Current (Ports C, D, each bit)  -4 mA 

(Ports E, F, G, each bit)   -15 mA 
(Total, all ports)   -60 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 
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N. PD550L 

Ta = -10`C to +70°C; VGG = -8.OV ~ 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Voltage High VIH 0 -1.6 V Ports A, C, D, INT, RESET 

Input Voltage Low 
VIL1 -4.5 VGO V Ports A, INT, RESET 

VIL2 -4.5 -35 V Ports C,D 

Clock Vohage High V~H 0 -0.6 V CLO Input, External Clock 

Clock Voltage Low VpL -5.0 VGG V CLO Input, External Clock 

Input Leakage Current High ILIH +10 µq Ports A, C, D, NI T, RESET 
VI = -1V 

Input Leakage Current Low 
I LIL1 _1p µA 

Ports A, C, D, INT, RESET 

VI -9V 

I LILY -30 µA Ports C, D, VI = -35V 

Clock Input Leakage Current High IL~H +200 µA CLp Input, VmH = OV 

Clock Input Leakage Current Low I L0L -200 µA CLp Input, V0L = -9V 

Output Voltage High 
VOH1 -1.0 V Ports C, D, IOH = -2 mA 

VOH2 -2.5 V Ports E, F, G, IOH = -10 mA 

Output Leakage Current Low 
ILOL1 -10 µ,q PortsC through G, 

VO 
BV 

ILOL2 -30 µA 
Ports C through G, 

V0= -35V 

Supply Current IGG -12 -24 mA 

Ta = 25° C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 15 pF 

f = 1 MHz Output Capacitance CO 15 pF 

Input/Output Capacitance CIO 15 pF 

Ta = -10°C to +70°C; VGG = -8.OV ± 10 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Oscillator Frequency f 100 180 KHz 

Rise and Fall Times tr, tf 0 0.3 µs 

External Clock Clock Pulse Width High tmyyH 2.0 6.0 µs 

Clock Pulse Width Low t~WL 2.0 8.0 µs 

VSS 

V~H 

Vml 

VGG 

tr

1 /f 

tf t~yy L

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 
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NEC Microcomputers, Inc. 

4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
ft PD554 

DESCRIPTION The µPD554 is the standard µCOM•45 4-bit single chip microcomputer, with high 
voltage outputs that can be pulled to -35V for direct interfacing to vacuum fluores-
cent displays. The µPD554 is manufactured with a standard PMOS process, allowing 
use of a single - t OV power supply. The µPD554 provides al l of the hardware features 
of the µCOM-45 family, and executes all 58 instructions of the µCOM•45 instruction 
set. 

PIN CONFIGURATION CL1 

PCp 

PC1 

PC2 

PC3 

PDO 

PD1 

PD2 

PD3 

PEO 

PE1 

PE2 

PE3 

V SS 

1 28 

2 27 

3 26 

4 25 

5 24 

6 23 

7 µPD 22 

g 554 21 

9 20 

10 19 

11 18 

12 17 

13 16 

14 15 

C Lp 

VGG 

RESET 

INT 

PA3 

PA2 

PA1 

PAO 

PGO 

PF3 

PF2 

PF1 

PFO 

TEST 

PIN NAMES 

PAp-PAg Input Port A 

PCp-PC3 Input/Output Port C 

PDp-P D3 Input/Output Port D 

PEO-PE3 Output Port E 

PFC-PF3 Output Port F 

PGO Output Port G 

NI T Interrupt Ihput 

CLp-C L1 External Clock Signals 

RESET Reset 

VGG Power Supply Negative 

VSS Power Supply Positive 

TEST Factory Test Pin 
(Connect to VSS) 

ABSOLUTE MAXIMUM Operating Temperature -10°C to+70°C 

RATINGS" Storage Temperature  -40°C to +125°C 
Supply Voltage    - 15 to +0.3 Volts 
Input Voltages (Port A, INT, RESET)   .-15 to +0.3 Volts 

(Ports C, D) -40 to +0.3 Volts 
Output Voltages  -40 to +0.3 Volts 
Output Current (Ports C, D, each bill  -4 mA 

(Ports E, F, G, each bit)   -15 mA 
(Total, all ports)   - 60 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device, This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions (or extended periods may affect device 
reliability. 

'Ta = 25°C 
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N, PD554 

Ta =-10°C to+70°C; VGG = -10V ~ 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TVP MAX 

Input Voltage High VIH 0 -2.0 V Ports A, C, D, NI f RESET 

Input Voltage Low 
VIL1 -4.3 VGG V Ports A, INT, RESET 

V I Ly -4.3 -35 V Ports C, D 

Clock Voltage High VmH 0 -0.6 V CLp Input, External Clock 

Clock Voltage Low VmL -6.0 VGG V CLp Input, External Clock 

Input Leakage Currant High ILIH +10 µA 
Ports A, C, D, NI T, RESET 

VI= -1V 

Input Leakage Current Low 
ILIL1 -10 µA 

Ports A, C, D, NI T, RESET 

VI=-11V 

ILIL2 -30 µA Ports C, D, VI= -35V 

Clock Input Leakage Current High ILmH +200 µA CLp Input, VmH = OV 

Clock Input Leakage Currant Low ILL -200 µA CLp Input, VmL =-11 V 

Output Voltage High 
VpH1 -1.0 V Ports C, D, IOH =-2 mA 

VOH2 -2.5 V Ports E, F, G, IpH = -10 mA 

Output Leakage Current Low 
ILOL1 -10 µA 

Ports C through G, 

V0= -11V 

ILO Ly -30 µA 
Ports C through G, 
V0= -35V 

Supply Current IGG -20 -40 mA 

Ta - 25°C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 15 pF 

f = 1 MHz Output Capacitance CO 15 pF 

Input/Output Capacitance CI 15 pF 

Ta =-10°C to+70°C; VGG=-10V 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Oscillator FreQuency f 150 440 KHz 

Rise and Fall Times tr, tf 0 0.3 µz 

External Clock Clock Pulse Width High t~WH 0.5 5.6 µs 

Clock Pulx Width Low tmWL 0.5 5.6 µs 

VSS 

V~H 

V~L 

VGG 

tr

1 /f 

t0W H — i tf f't0W L 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 
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NEC Microcomputers, Inc. 

4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
N. PD554L 

DESCRIPTION The µPD554L is a µCOM-45 4-bit single chip microcomputer with high voltage out-

puts and low power consumption. The outputs can be pulled to -35V for direct 
interfacing to vacuum fluorescent displays. The µPD554L is manufactured with a low-
power-consumption PMOS process, allowing use of a -8V, low current power supply. 
The µPD554L provides all of the hardware features of the µCOM-45 family, and 
executes all 58 instructions of the µCOM-45 instruction set. 

PIN CONFIGURATION CL1 

PCO 

PC1 

PC2 

PC3 

PDO 

PD1 

PD2 

PD3 

PEp 

PE1 

PE2 

PE3 

V SS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

µPD 
554E 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

C LO 

VGG 

RESET 

INT 

PAg 

PA2 

PA1 

PAp 

PGp 

PF3 

PF2 

PF1 

PFO 

TEST 

PIN NAMES 

PAO-PA3 Input Port A 

PCp-PC3 Input/Output Port C 

PDO-P Dg Input/Output Port D 

PEO-PE3 Output Port E 

PFO-PF3 Output Port F 

PGO Output Port G 

CLO-C L1 External Clock Signals 

INT Interrupt Input 

RESET Reset 

V GC, Power Supply Negative 

Vgg Power Supply Positive 

TEST Factory Test Pin 
(Connect to VSS) 

ABSOLUTE MAXIMUM Operating Temperature -10°C to+70°C 

RATINGS" Storage Temperature  -40°C to +125°C 
Supply Voltage - 15 to +0.3 Volts 
Input Voltages (Port A, NI T, RESET)   .-15 to +0.3 Volts 

(Pons C, D) -40 to +0.3 Volts 
Output Voltages  -40 to +0.3 Volts 
Output Current (Ports C, D, each bit)  -4 mA 

(Ports E, F, G, each bit)   -15 mA 
(Total, all ports)   -60 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25°C 
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µ PD554L 
Ta = -10°C to +70°C; VGG = -6.OV ~ 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TYP MAX 

Inpu[ Voltage High VIH 0 -1.6 V Ports A, C, D, NI T, RESET 

Input Voltage low 
VIL1 -4.5 VGG V Ports A, INT, RESET 

VIL2 -4.5 -35 V Ports C,D 

Clock Voltage High VmH 0 --0.6 V CLO Input, External Clock 

Clock Voltage Low Vml. -5.0 VGG V CLp Input, External Clock 

Input Leakage Current High ILIH +10 µq Ports A, C, D, INT, RESET 

VI =-iV 

Input Leakage Current Low 
I LI L1 -10 µA 

Ports A, C, D, INT, RESET 
_ 

VI 9V 

I LI L2 -30 µA Ports C, D, V I = -35V 

Clock Input Leakage Current High ILmH +200 µA CLp Input, VmH =0V 

Clock Input Leakage Current Low ILmL -200 µA CLO Input, VmL = -SV 

Output Voltage High 
VpH1 -1.0 V Ports C, D, IOH=-2 mA 

VOH2 -2.5 V Ports E, F, G, IOR = -10 mA 

Output Leakage Current Low 
ILO LI _10 µA 

Ports C through G, 

VO 
9V 

ILOLy -30 µA 
Ports C through G, 
Vp =-35V 

Supply Current IGG -12 -24 mA 

Ta - 25°C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Capacitance CI 15 pF 

f = t MHz Output Capacitance CO 15 pF 

Input/Output Capacitance CIO 15 pF 

Ta - -10°C to +70°C; VGG ~ -B.OV t 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TVP MAX 

Oscillator Frequency f 100 180 KHz 

Rise and Fall Times tr, tf 0 0.3 µs 

External Clock Clock Pulse Width High tmWH 2.0 6.0 µs 

Clock Pulse Width low tmyyL 2,0 6.0 µs 

uSS 

V~H 

V~L 

VGG 

r f ~WH 

1 /f 

tf '~ -- t~WL 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 
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NEC Microcomputers, Inc. 

4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
µ PD652 

DESCRI PTI ON The µPD652 is a µCOM-45 4-bit single chip microcomputer manufactured with a low-
power-consumption CMOS process, allowing use of a single +5V power supply. The 
µPD652 provides all of the hardware features of the µCOM-45 family, and executes all 
58 instructions of the µCOM-45 instruction set. 

PIN CONFIGURATION 
CLi 

PCp 

PC1 

PC2 

PC3 

PDO 

PD1 

PD2 

PDg 

PEp 

PEi 

PE2 

PE3 

VCC 

1 28 

2 27 

3 26 

4 25 

5 24 

6 23 

7 µPD 22 

g 852 Y1

9 20 

10 19 

11 18 

12 17 

13 18 

CLp 

VSS 

RESET 

INT 

PA3 

PA2 

PA1 

PAO 

PGO 

PF3 

PF2 

PF1 

PFO 

TEST 

PIN NAMES 

PAO-PA3 Input Port A 

PCO-PC3 Input/Output Port C 

PDO-P D3 Input/Output Port D 

PEO•PE3 Output Port E 

PFO-PFg Output Port F 

PGO Output Port G 

INT Interru pt Input 

CLp-C L1 External Clock Signals 

RESET Reset 

VCC Power Supply Positive 

VSS Power Supply Negative 

TEST Factory Teat Pin 
(Connect to VCC.) 

ABSOLUTE MAXIMUM Operating Temperature   -30°C to+85°C 

RATINGS* StorageTemperature   - 55°C to+125°C 
Supply Voltage   -0.3 to 7.OV 
Input Voltages (Ports A, C, D, INT, RESET)   -0.3 to 7,3V 
Output Voltages     -0.3 to 7.3V 
Output Current (Ports C through G, each bit)   -2.5 mA 

(Total, all ports)   -28.0 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25°C 
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µ PD652 

Ta =-30° C to+85°C; VCC=+5V! 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Voltage Hlgh VIH 0~T VCC VCC V Ports A, C, D, INT, RESET 

Input Voltage Low VIL 0 0.3 VCC V Ports A, C, D, INT, RESET 

Clock Voltage Hlgh V0H 0.7 VCC VCC V CLO Input, External Clock 

Clock Voltage Low VmL 0 0.3 VCC V CLO Input, External Clock 

Input Leakage Current High ILIH +10 µq Pons A, C, O, INT, RESET, 

VI =VCC 

Input Leakage Current Low ILIL -10 µq Ports A, C, D, INT, RESET, 
VI=OV 

Clock Input Leakage Curren[ High ILmH +200 µA CLp Input, VmH =VCC 

Clock Input Leakage Current Low ILmL -200 µA CLp Input, VmL=OV 

Output Voltage High 
VpH1 VCC-0.5 V Ports C through G, IOH = -1.0 mA 

VOH2 VCC-2.5 V Ports C through G. IOH = -2.0 mA 

Output Voltage Low 
VOLT +0.6 V Ports E. F, G, IpL = +2.0 mA 

VpL2 +0.4 V Ports E, F, G, IOL =+1.2 mA 

Output Leakage Current Low ILOL -10 µA Parts C, D, Vp =0V 

SUpP1Y Current 100 *0.8 +2.0 mA 

7a = 25° C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TES7 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 15 pF 

f = 1 MHz Output Capacitance Cp 15 pF 

Input/Output Capacitance Clp 15 pF 

Ta = -30° C rn +85° C: VCC = +5 V _ 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Oscillator Frequency f 150 440 kHz 

External Clock 

Rise and Fall Times tr, t{ 0 0.3 µs 

Clock Pulse Width High tmWH 0.5 5.6 µs 

Clock Pulse Width Low tmWL 0.5 5.6 µs 

ACC 

VmH 

VmL 

VSS 

t '~ — ~WH 

1 /f 

tf ~~WL 

OC CHARACTERISTS 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 

652DS-9-80-CAT 
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NEC Microcomputers, Inc. 

EVACH I P-43 

NEC 
µ PD556 

DESCRIPTION The µPD556 is an evaluation chip for the µCOM-43/44/45 single chip microcomputers. 
Designed to be used for both hardware and software debugging, the EVACH IP-43 is 
functionally equivalent to the µCOM-43, except that it does not contain on-chip ROM. 
Instead, it is able to address external memory. In addition, in order to facilitate debug-
ging, the µPD556 is capable of displaying the contents of the internal accumulator and 
data pointer and of being single stepped. 

When the µPD556 is being used to evaluate µCOM-44/45 designs, the external memory 
capacity should be restricted to that of the respective.on-chip ROM and the instructions 
should be restricted to the 58 comprising the µCOM-44/45 instruction set. 

F E ATU R ES 4-bit Parallel Processor 

• Full 80 Instruction Set of µCOM-43 

10µs Instruction Cycle 

• Capable of addressing 2K x 8-bits of external program memory 

• Single step capability 

• Full Functionality of µCOM-43 

• Single supply: -10V PMOS Technology 

• Available in a 64-pin Ceramic Quad-in-Line Package 

PIN CONFIGURATION PD1 
PD2
Pp3

PEO 

PE1 
PE2 

PE 
BR EA K 

STEP 
ACC/PC 

P10 
Po 

JP8 
P7
P6 

P5 
Pq 

P3 
P2

P t
PO

I~ 
16 

J I 

13 

IO 
Cll 

CLq 
GND 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
3t 

64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 

PDO 

EGG 
RES 

INT 
PC3

PC2 
PCt 
PCO 

PB3 
PB2 

P61 
PBO 

PA3 
PA2 

PA1 
PAO

P12 
P11 

P10 
PH3 

PH2 
PH1

PHO
PG3

PG2 
PGt

PGO
PF3 

PF2 

PF t 
PFO 
TEST 

PIN NAMES 

PF V Pf 3 Oulpul Porl F 

PGp PG3 Ou 1pul vo~l G 
PHA PH3 Oumul Porl H 

PID P12 Ou mul Porl I 

PAO PA3 InVul Porl A 

PBp PB3 Input Port 8 

PCp PC3 Inputi Output Porl C 

INT Inl errupl Input 

RES Rexl 

PDp PD3 Inpu VOumul Po,l D 

PEV - PE3 Q,tpul Pwl E 

BREAK Hold Inpu) 

STEP s~nyle srep lnp~l 
ACC/PC Display ACC/PC Input 

Po -P~o Pco~m~l 
IB - 1~ ImimcGon I ,pul 

CLp - CL I Ealernal Clock Sou rte 

TEST Tietl to V SS IGNDI 
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µPD556 BLOCK DIAGRAM 

Pioo 

PBg.p 

PC3.p 

PO~.p 

PEA p 

PF ~. 

P~3,°

PH3.~ 

PIS Q

RAM1A 

~.a 
RAM 

DEcoDER 

4-BIT 

Ii0 
INTER 

FACE 

V 

RAM BUFFER 

n 

ACC/PC 

PSELECTOR 

nn 

DPR

UPS 
DOWN 
COUN-
TER 

DPL 

n n~_n  n~ 

a BIT 

a IT 

PC 

BREAK ~-BREAK 

AND 
STEP 

CONTROL STEP 

~~ 

STACK 0 

STACK 1 

STACK 2 

INSTRUCTION BUS 

a-alT 

ALU 

C 

ACC 

O BUS 

P BUS 

i i 
CL~ CLp 

CONTROL 
AND 

DECODE 

TIMER 

INT. 
CONTROL 

Operating Temperature   —10°C to+70°C ABSOLUTE MAXIMUM 
Storage Temperature   —40°C to+125°C RATINGS' 
Supply Voltage VGG   —15 to+0.3 Volts 
All Input Voltages   —15 to+0.3 Volts 
All Output Voltages   —15 to+0.3 Volts 
Output Current    —4 mA 

Note: (t) All output pins. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25°C 

Ta = 25°C 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYPI MAX 

Input Capacitance CI 15 pf 

f = 1 MHz Output Capacitance CO 15 pf 

Input/Output Capacitance Clp 15 pf 

CAPACITANCE 

i 7-0 

INT 

RES 

206 



µPD556 

DC CHARACTERISTICS ~ Ta=-'om+7o°c;v~~=-',ov=,o^-

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input High 
Voltage 

V IH 0 - 2.0 V Port A to 0,17 to 10, 
BREAK, STEP, INT, RES, 
and ACC/PC 

Input Low 
Votage 

V IL -4.3 VOO V Part A to D,17 to 10, 
BREAK, STEP, INT, RES, 
and ACC/PC 

Clock High 
Voltage 

VpH 0 -0.8 V CLO Input 

Clock Low 
Voltage 

VOL -6.0 VOO V CLO Input 

Input Leakage 
Current High ILIH 

+10 µA Port A and B, 17 to IO 
NI T, RES, BREAK, STEP 

+30 µA ACC/PC, VI =-,V 
Port Cand D, VI=-iV 

Input Leakage 
Cunent Low ILIL 

-10 µA Port A and B, 17 to Ip 
INT, RES, BREAK, STEP 

-30 µA ACC/PC, V1=-11V 

Port C and D, V I = -1, V 

Clock Input 
Leakage High 

ILOH +200 µA CLO Input, VOH = OV 

Clock Input 
Leakage Low 

ILOL -200 µA CLO Input, VpL=-1,V 

Output High 
Voltage 

VOH1 - 1.0 V PortC to I, P10 to PO 

IOH = -i.0 mA 

VOH2 -2.3 V Port C to I, Pt0 to Pp 
IOH = -3.3 mA 

Output Leakage 
Current Low 

ILOL -30 µA Port C to I, Pt0 to PO 
V 0 = -11 V 

Supply Current 100 -30 -50 mA 

Note: ~ Relative to VSg = OV 

AC CHARACTERISTICS Ta =-,0°cta+7o°c;VOG =-,ov~,o% 

CLOCK WAVEFORM 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

F reQuency f 150 440 KHz 

Clock Rise and Fall Times tr, tf 0 0.3 µs 

Clock Pulse Width High t~WH 0.5 5.6 µs 

Clock Pulse Width Low iQ,WL 0.5 5.6 µs 

I nput SeNp Time qS 5 µs 

Input Hold Time tIH 0 µs 

BREAK to STEP Interval tgg 80 tcy 

STEP to RUN Interval t5g 80 tcy 

STEP Pulse Width tWS ,2 tcy 

BR EAK to P,CClnterval tgq 80 icy 

ACC/PC Pulse Width tWq ,2 tcy 

STEP to ACC Interval CSgi 60 tcy 

PC to STEP Overlap tgg2 2 tcy 

PC to RUN Interval tqg 0 µs 

ACC/PC ~ P10~P0 Oelay 
ipgpt 6 tcy 

tDAP2 6 tcy 

tf tpWL 

7/f 

tgWH 

—O.BV 

VGG ___-
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µPD556 TIMING WAVEFORM 

P7 0-0 

17-0 

BREAK 

STEP 

ACC/PC 

~tRA 

tBS 
ftWS

tDAP1—► 

Plo-o IPcI^ 

twA tSA2 -y 

r tDAP2 

A 

tS8 

tSA1 

IPCI^ 

F  _ _.-.~~ F~_.. .. .. _. 

C 

--► ►-tAB 

IPClntm 

 ~ PACKAGE OUTLINE 
  ! t µPD5566 
  ~~ 

R 
L 

IJ ~ 

(CERAMIC) 

ITEM MILLIMETERS INCHES 
A 41.5 1.634 MAX 

B 1.05 0.042 

C 2.54 0.1 

D 0.510.1 0.2'_0.004 
E 39.4 1.55 
F 1.27 0.05 
G 5.4 MIN 0.21 MIN _ 

I 2.35 MAX 0.13 MAX 

J 24.13 0.95 

K 19.05 0.75 
L 15.9 0.626 
M 0.25 * 0.05 0.01 '_ 0.002 

556DS12-80-CAT 
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NEC Microcomputers, Inc. 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

NBC 
~, PD7502 

4-BIT SINGLE CHIP MICROCOMPUTER 
The µPD7502 is a µCOM-75 4-bit single chip microcomputer with a 2048 x 8 ROM, a 
128 x 4 RAM, a programmable 8-bit timer/event counter, and 4 vectored, prioritized 
interrupts. It is also capable of directly driving a 24-segment, 3 or 4-Backplane multi-
plexed Liquid Crystal Display (LCD1. The µPD7502 is manufactured with a low-
power-consumption CMOS process, allowing use of a single power supply between 2.7 
and 5.5V, and providing programmable power-down capability. It has 23 I/O lines, 
organized into one 3-bit parallel port, five 4•bit parallel ports, and one 8-bit serial port. 
The µPD7502 executes 02 instructions of the µCOM-75 instruction set, and it is avail-
able in a 64-pin plastic flat package. 

• 2048 x 8 Bit ROM 
• 128 x 4 Bit RAM 
• 15µs Instruction Cycle Time 
• 92 Powerful Instructions 

— ROM Data Table Look-up Capability with LHLT and LAMT Instructions 
— Subroutine Address Table Look-up Capability with CALT Instruction 

• RAM Stack 
• 4 General Purpose 4-Bit Registers (D, E, H and L) 
• Extensive I/O Capability 

— One 3-Bit Input Port 
— One 4-Bit Input Port 
— One 4-Bit Output Port 
— Three 4-Bit I/O Ports, of which two are 8-Bit Byte Accessible 
— One 8-Bit Serial I/O Port 

• Programmable LCD Controller 
— 24 Segment Outputs and 4-Backplane Outputs 
— Can Directly Drive 3- or 4-Backplane Multiplexed LCDs 
— Automatic Synchronization of Segment and Backplane Signals, Transparent 

to Program Execution 
• Programmable 8-3 it Timer/Event Counter with Crystal Clock Generator 

• Vectored, Prioritized Interrupts 
— 2 External 
— 2 Internal (Timer and Serial I/OI 

• Programmable Power-Down Operation with HALT and STOP Instructions 
• Built-In System Clock Generator 
• Built-In Reset Circuitry 
• Single Power Supply, Variable from 2.7V to 5.5V 
• CMOS Technology 
• 64-Pin Plastic Flat Package 
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p
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PIN NAMES 

SD513 LCD Segment Outputs 

COMP-COM3 LCD Backplane Outputs 

P00/SI Input Port 03/Serial Input 

POZ/SO Input Porc 0~/Serial Output 

POt/SCK Input Pon 01/Serial Clock 

Pi0/INTO Input Port 1p/Interrupt 0 

INTI Inrorrupr 1 

P10.P10 Input Port 1 

P70-P~~ Output Port 3 

P40-Pa0 Input/Output Porto 

P5DP50 Input/Output Pott 5 

PfipP60 Input/Output Port 6 

Xt, %~ Crystal Clock Input, Output 

Ct, CZ Sysum Clock Input, Output 

RESET Rewt 

V LCDt -y LCD3 LCD Power Supply 

VDD Power Supply Positive 

V~ GIOYM 
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µ PD7502 

FUNCTIONAL 
DESCRIPTION 

ROM 

The µPD7502 is equipped with a 2048 x 8 bit general purpose ROM, organized as one 
large, single field. It is accessible anywhere between addresses OOOH and 7FFH by the 
Program Counter. Several portions of the ROM are reserved for special operations, as 
follows: 

Address Function 

OOOH Program start address after RESET 
Input 

OtOH Timer/Counter Interrupt (INTT) 
Start Address 

020H Serial Interface or External Interrupt 
(INTO/S) Start Address 

030H External Interrupt (INT1) Start 
Address 

OCOH — OCFH LHLT Instruction Reference Table 

ODOH — OFFH CALT Instruction Reference Table 

These ROM addresses can be used for other purposes if these features are not used. 

RAM 

The µPD7502 is equipped with a 128 x 4 bit general purpose RAM. It is accessible 
between addressed OOH and 7FH by Direct Addressing with immediate data, by 
Register Pair Indirect Addressing, or by Stack Pointer Addressing. Two portions of 
the RAM are reserved for special operations, as follows: 

Address Function 

OOH — 17H LCD Segment Data 

(Definable by 
Stack Pointer) 

LIFO Stack Address Storage 

In addition, there are four general purpose 4-bit registers, D, E, H, and L, which may 
he used individually, or as register pairs DE, OL, or HL, during program execution. 

Clocks 

The µPD7502 can accept two different clock signals. Pins CL1 and CL2 can accept a 
simple RC input for the system clock. Pins X1 and X2 can accept a more accurate 
crystal, such as 32.768 kHz, for timer/event counter functions where clock accuracy 
is important to the application. 

Timer/Event Counter 

The timer of the µPD7502 is an 8-bit Binary-Up counter. It is reset during execution 
of RESET, or the "Timer" instruction. During operation, the count register of the 
timer is incremented until it coincides with the value of the modulus register. At this 
point, the timer interrupt INTT becomes active, the count register is reset, and count-
ing begins again. The count register can also be read at any time by executing the 
"TCNTAM" instruction. 

The Event Counter of the µP07502 takes advantage of the Timer capabilities to 
measure external pulses occurring on pin X1. 
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µ PD7502 

Interrupts 

There are four interrupts available on the µPD7502. Two of them are generated 

externally (INT1 and INTpI, and two of them are generated internally (Timer 

interrupt INTT, and SIO interrupt INTSI. 

Under software control, the four interrupts can be prioritized in any order. They 

can be controlled individually, or under a master control. 

Stack Pointer 

The Stack Pointer is a 7-bit register containing the leading address information of 

the LIFO stack, located in RAM. The Stack Pointer is decremented when CALL, 

CALT, PSHDE, or PSHHL instructions are executed, and incremented when RT, 

RTS, TRPSW, POPDE, or POPH L instructions are executed. 

The Stack Pointer can be accessed by executing the TAMSP or TSPAM instructions.-

Serial I/O 

The Serial I/O port of the µPD7502 consists of an 8-bit~shifi register, a 4-bit shift 

mode register, and a 3-bit counter. Data is output at the fall of the serial clock, with 

the MSB transferring first: Serial data input at the rise of the serial clock, with the MSB 
transferring first. The serial clock SCK can be selected under software control from the 

internal system clock, an external clock signal, or the Timer-Out F/F. 

The TSIOAM and TAMSIO instructions facilitate the I/O operations of the µPD7502 

SIO port. These instructions make it easy for the µPD7502 to handle odd-sized data 

containing parity, start or stop bits. 

LCD Controller 

When direct LCD drive is required for an application, a portion of the RAM must be 

reserved for LCD segment data storage. This segment data is decoded by ROM table 

look-up instructions during program execution. 

It must then be stored in the RAM, for direct access by the LCD Controller Hardware 
according to the following pattern: 

,~, x ~ z ~ s. x k s, a ~. s,o s„M ~: :,~ s,. s,s ,s s„ ,. zo :, >= n .~..~.»E 

~ <oMz

nooness " oiw o:~ oow o.~ asH osw ozw oaw oow anw aew ocw aow os~ o~H ioH >>H ~zw iow yaw ,sw ~w »H 

For applications using 3-backplane multiplexed LCDs, the third bit of each RAM loca-

tion is not used, and it may be used for other general purpose storage. 

Actual determination of functioning of the LCD Controller occurs when the Display 
Mode Register is set. 

FUNCTIONAL 
DESCRIPTION 
CCONT. 
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µPD7502 

INSTRUCTION SET 
SYMBOL DEFINITIONS 

The following abbreviations are used in the description of the µPD7502 

SYMBOL EXPLANATION AND USE 

A Accumulator 

address Immediate address 

An Bit "n" of Accumulator 

C Carry Flag 

data Immediate data 

D Register D 

DE Register Pair DE 

DL Register Pair DL 

Dn Bit "n" of immediate data or immediate address 

E Register E 

H Register H 

HL Register pair HL 

IER Interrupt Enable Register 

IME Interrupt Master Enable F/F 

INTn Interrupt "n" 

L Register L 

PI 1 Parallel Input/Output Port addressed by the value within the brackets 

PCn Bit "n" of Program Counter 

PSW Program Status Word 

rp Register Pair, selected by 3 bits of immediate data, DZ.p, as follows: 

Dp D~ DO rp Additional Action 

0 0 0 

0 0 1 

7 0 0 

1 0 t 

1 1 0 

DL 

DE 

HL—

HL+ 

HL 

none 

none 
decrement L; skip if L = FH 

increment L; skip if L = OH 

none 

ROF Request Flag 

S Number of bytes in next instruction when skip condition occurs 

SIO Serial I/O Shift Register 

SIOCR Serial I/O Count Register 

SP Stack Pointer 

TCR Time Count Register 

TMR Timer Modulo Register 

( ~ The contents of RAM addressed by the value within the brackets 

[ ] The contents of ROM addressed by the value within the brackets 

~— Load, Store, or Transfer 

-~ Exchange 

Complement 

/~ LOGICAL AND 

~/ LOGICAL OR 

4 LOGICAL Exclusive OR 

213 



µ PD7502 
INSTRUCTION SET 

MNEMONIC FUNCTION DESCRIPTION 
INSTRUCTION CODE 

BVTES CVCL ES 
SKIP 

CONDITION D7 ( D5 ~ DS ~ Dq' D; I Dp l Ot ~ Dp 

LOAD 

LAI data A «- D;.p Loatl A with 4 bits of 

immediate data 1

0 0 0 1 D; D2 D1 Dp 1 1 String 

LDI data D— D;.p Load D with 4 bin of 0 0 2 t 1 1 1 0 2 1 

immediate data 0 0 1 0 t7; D2 Dt Dp 

LEI data E— D;.p Lpad E with 4 bits of 0 0 1 1 1 1 1 0 2 2 

immediare data 0 0 0 0 D; DZ D1 Dp 

LHI data H ~- D;.p Lpad H with 6 bits of 0 0 1 1 1 1 1 0 2 2 

immetliare data 0 0 1 i D3 DZ D7 Dp 

LLI data L» D;.p Load L with 4 bits of 0 0 1 1 1 1 1 0 2 2 

immediate data 0 0 0 1 D; D2 Di Op 

LAM rp A » Irpl Loatl A with the RAM con 
tents atldresxtl by [he 
register pair selected by 

0 1 0 DZ 0 0 D1 Dp i 1 t 5 See explanation 
of "rp" in 
symbol definitions 

3 bits of immetliare tlata 

LADR address A ~- ID6.p1 Load A with the RAM con 0 0 t 1 1 0 0 0 2 ~ 

tents adtlrested by 7 hin o1 

immetliare data 

0 O6 D5 Dq D3 OZ Di Op 

LDEI data DE » D7.p Load DE with 8 bits of 0 t 0 0 1 1 1 1 2 Z 

immediate data D7 D5 D5 Dq D; D2 D1 Dp 

LHLI tlata HL ~- D7.p Load HL with 8 bits of 0 1 0 0 t 1 i 0 2 Z String 

immediate data 2 D7 Dg D5 Dq D; Dp D1 Dp 

LHLT adtlresa H — I f 0001100D;qi l H Load the upper 4 bits of ROM 1 1 0 0 D; D2 D1 Dp 1 2 

Table Oere et atldresi 
0001100D;.p to H; 

L — (10001100D;-0i I L Load the lower 4 bits of ROM 
Table Data at address 
0001100D;.p to L ; 

LAMT A— I1PC70-6,O,C,A 7 I H Load the upper 4 bits of ROM 0 1 0 1 1 1 1 0 i Z String 
Table Data at address 
PC7p.5,0,C,A to A; 

IMLI—ItPC108.0,C,A1jL Load the lower4 bits of ROM 

Table Oata at adtlress 

PC1 p.5,0,C,A tp the RAM 
locatipn addressetl by HL 

STORE 

ST IHLI ~- A Store A into the RAM location 

addressed by HL 

0 1 0 t 0 1 1 t t i 

TRANSFER 

TAD D— A Transfer A to D 0 0 1 t 1 i 1 0 2 2 
1 0 1 0 1 0 1 0 

TAE E -- A Transfer A tp E 0 0 1 1 1 1 1 0 2 Z 

7 0 0 0 1 0 1 0 

TAH H— A Transfer A to H 0 0 1 1 1 1 1 0 2 2 

1 0 1 1 1 0 1 D 

TAL L» A Transfer A to L 0 0 1 1 1 1 1 0 2 2 

1 0 0 1 1 0 1 0 

TDA A» O Transfer D to A 0 0 1 1 1 1 1 0 2 2 

1 0 1 0 1 0 1 1 

TEA A» E Transfer E to A 0 0 1 1 1 t 1 0 2 2 

1 0 0 0 1 0 1 1 

THA A ~- H Transfer H to A 0 0 1 1 1 t 1 0 2 2 

1 0 1 1 1 0 1 1 

TLA A— L Transfer L to A 0 0 1 1 1 1 1 0 2 Z 
t 0 0 t 1 0 1 1 

E%CHANGE 

XAD A~ ~ D Exchange A with D 0 1 0 0 1 0 i 0 1 1 

XAE A ~~~ E Exchange A with E 0 1 0 0 1 0 1 1 1 1 

XAH A» H Exchange A with H 0 1 1 t 1 0 i 0 1 1 

XAL A» L Exchange A with L 0 1 1 1 1 0 t 1 i 1 

XAM rp A -~ Irpl Exchange A with the PAM 
contents addressed by the 

regitter pair selected by 

0 1 0 DZ 0 t Dt Dp 1 1 i 5 See explanation 

of "'rp" in 

symbol definitions 

3 bits of immediate data 
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INSTRUCTION SET 
(CONY.) 

Es PD7502 

MNEMONIC FUNCTION DESCRIPTION 
INSTRUCTION CODE 

BYTES CYCLES 
SKIP 

CONDITION D7 I D6 I OS I Dql D3 I DZ' Dt I Op 

XADR address A »IDg-pl Exchange A with the RAM 
ontents addressed by 

7 bits of immediate data 

0 0 1 1 
0 Dg D5 Dq 

1 

D3 

0 
DZ 

0 
Dt 

1 
Dp 

2 2 

XHDR address H »IDg-pl Exchange H with the RAM 
ontents addressed by 7 bits 

of immediate data 

0 0 1 1 
0 Dg 05 Dq 

1 
D3 

0 
DZ 

i 
Di 

0 
Dp 

2 2 

XLDR address L»IDg-pl Exchange L with [he RAM 
contents addressed by 7 bits 
of immediate data 

0 0 1 1 
0 Dg D5 Dq 

1 
D3 

0 
Dz 

1 
Dt 

1 
Dp 

2 2 

ARITHMETIC 

AISC data A ~- A + D3-0 
Skip if overflow 

Add 4 bits of immediate data to 
A; Skip It overflow occurs 

0 0 0 0 D3 Dp Dt Op 1 1 + S Overflow = 1 

ASC A «-A+IHLI 
Skip if overflow 

Adtl the RAM contents 
addressed by HL to A; skip if 
overflow occurs 

0 1 1 1 1 1 0 1 1 1 +S OverFlow = 1 

ACSC A, C.-A+IHLI+C 
Skip if carry 

Add the RAM contertts 
addressed by HL and the carry 
flag to A: Skip if Carry i5 
generated 

0 1 1 1 1 1 0 0 1 1+S Carry Flag=7 

LOGICAL 

EXL A~ A V IHLI Perform a Logical 
EXCLUSIVE-OR between the 
RAM contents addressed by 
HL and A; store the result in A 

0 2 1 1 t 1 1 0 1 t 

ANL A»A/~IHL) Performa LOGICAL AND 
between A antl the RAM 
contents addressed by H L; 
store the result in A 

0 0 1 1 
1 0 1 1 

1 
0 

1 
0 

1 
1 

1 
0 

2 2 

ORL A~-A~/IHL) Performa LOGICAL OR 
between A and the RAM 
contents addressed by HL; 
store th¢ result in A 

0 0 1 1 
1 0 2 1 

1 
0 

1 
1 

1 
2 

1 
0 

2 2 

ACCUMULATOR 

CMA A» A Complement A 0 t 1 1 1 1 1 1 1 1 

RAR An-t .- An In = 1 -~ 
C~ Ao
A3 .- C 

3) Rotate A right through 
Carry Flag 

0 0 1 1 
1 0 7 1 

1 
0 

1 
0 

1 
1 

1 
1 

2 2 

CARRY FLAG 

RC C» 0 Reset Carry Flag 0 1 1 1 1 0 0 0 2 1 

SC C» 1 Set Carry Flag 0 1 1 1 7 0 0 1 1 1 

INCREMENT AND DECREMENT 

IES E»E+1 
Skip if E = OH 

Increment E; 
Skip if E = OH 

0 1 0 0 1 0 0 2 t 1+5 E=OH 

ILS L»L+t 
Skip if L = OH 

Increment L; 
Skip if L = OH 

0 1 0 1 1 0 0 1 1 1+S L=OH 

IDRS address IDg-pl » (Dg-pl + 1 
Skip if (Dg-pl = OH 

Increment the RAM 
ontents addressee by 7 bits 

of immediate data; Skip it the 
contents = OH 

0 0 1 1 
0 Dg D5 Dq 

1 

D3 

1 
DZ 

0 
D7 

1 
Dp 

2 2+ S IDg-pl = OH 

DES E» E- 1 
Skip if E = FH 

Decrement E: 
Skip if E = FH 

0 1 0 0 1 0 0 0 1 1+ S E= FH 

DLS L»L-1 
Skip it L = FH 

Decrement L; 
Skip if L = FH 

0 7 0 1 1 0 0 0 1 1+S L=FH 

DDRS address IDg-pl »IDg-pl - 1 

SkiO if IDgpl = FH 
Decrement the RAM 
contents addressed by 7 bits 
of immedia a data, skip if the 
contents= FH 

0 0 1 1 
0 Dg D6 Dq 

7 
D3 

1 
Dp 

0 
Dt 

0 
Dp 

2 2+ S IDg.pl = FH 

BIT MANIPULATION 

RMB (HLlbit»0 Resetasingle bit of RAM at 
the location addressed by HL, 
denoted by DI Dp, to zero 

0 1 1 0 1 0 Dt Dp 1 1 

SMB (HLlbit ~- t Set a single bit of RAM at the 
location addressed by HL, 
tlenoted by Dt Dp, to one 

0 t t 0 1 1 Dt Dp 1 1 

215 



µ PD7502 INSTRUCTION SET 
(CONY.) 

MNEMONIC FUNCTION DE SCRIPTtON 
INSTRUCTION CODE 

BV TES CYCLES 
SKIP 

CONDITION DT ~ Dg I DS I Dq I Dg 1 DZ ~ Di I Dp 

JUMP, CALL AND RETURN 

JMP address PC1 p.p ~- D[p.p Jump to [he address specifietl 
by 11 bits of immediate data 

0 0 1 

D7 Dg D5 
0 
Dq 

0 
D3 

D1p 
D2 

Dg 
D1 

Dg 
Dp 

2 2 

JCP atldress PC5~0'-  D5~0 Jump to the address specified 
by the higherorder bits 

PC1p.g of the PC, and 6 bits 
of immediate data 

1 0 D5 Dq D3 D2 01 Dp 1 1 

JAM atldress PC1p.g ~- D2.p 
PC7q ~ A 
PCg.p ~- lHL) 

Jump to the address specified 
by 3 bits of immediate data, A. 
and the RAM contents 
addressetl by H L 

0 0 1 
0 0 0 

1 
1 

1 
0 

1 
O2 

1 

D1 

1 

Dp 

2 2 

CALL address ISP- 11 ~-PC7.q 
ISP - 21 ~- PC3.p 
ISP - 31 ~- PSW 
ISP-4I~-PC7p.g 

PC10-0'- D10-0 
SP~SP-4 

Store a return address in the 
stack; call the subroutine 
program a[ the location speci~ 
Pied by 11 bits of immediate 
data 

0 0 1 
D7 Dg DS 

1 
Dq 

0 
D3 

D1p 
D2 

Dg 
D1 

Dg 
Dp 

2 2 

CALT address ISP - 1) ~- PC7.q 
ISP-21-PC3.p 
ISP - 3) ~ PSW 
(SP-ql-PC1p.g 

PCip -0 

PCg.7 - 100011 D5-0I7~g 
PCgS-00 

PCq.p ~- 10001 7 Dg.p 140 
SP - SP -4 

Store a return atldress in [he 
stack; LOAD ROM Subroutine 
Address Table da~a at address 
00011 Dg.p to PC; call the sub 

routine program a[ the location 

specified by the PC 

1 1 D5 Dq D3 D2 D1 Dp 1 2 

RT PC1 p.g- IBP) 
PC7.q ~ ISP + 31 
PCg.p ~ ISP + 21 
SPA-SP+q 

Return from Subroutine 0 1 0 1 0 0 1 1 i 1 

RTS PC1p.g ~ ISP) 
PC7.q~ISP+3) 
PC3.p ~ ISP + 2) 

SP~SP+4 
$kip unconditionally 

Return from Subroutine; skip 
unconditionally 

0 1 0 1 1 0 1 1 1 i +S Uncontlitional 

RTPSW PC1p.g «-ISP) 
PC7.q ~- ISP + 31 
PCg.p ~- (SP + 21 
PSW ~ ISP+ 1 ) 
SPA-SP+q 

~ Return from Subroutine and 

restore PSW 

0 1 0 0 0 0 1 1 1 2 

STACK 

PSHDE ISP ~ 11 ~ D 
ISP-21 ~-E 
SP -SP -2 

Push DE on to stack 0 0 1 
1 0 0 

1 
0 

1 
1 

1 
1 

1 
1 

0 
0 

2 2 

PSHHL ISP-iI-H 
ISP-21-L 
SP- SP -2 

Push HL on [o stack 0 0 1 
7 0 0 

1 
1 

1 
1 

i 
1 

1 
1 

0 
0 

2 2 

POPDE E~ ISPI 
D~ISP+11 
SPA-SP+2 

Pop DE off the stack 0 0 1 
1 0 0 

1 

0 

7 
1 

1 
1 

1 
1 

0 
1 

2 2 

POPHL L- ISPI 
H~-ISP+11 
SP-gP+2 

Pop HL off the stack 0 0 1 
1 0 0 

1 
1 

1 
1 

1 
1 

1 
1 

0 
1 

2 2 

TAMSP SP7.q ~ A 
SPp.t ~- IHLIp.1 

Transfer A and PAM contents 

addressed by HL to stack 
0 0 1 

0 0 1 

1 

1 

7 

0 

1 

0 

1 

0 

1 

1 

2 2 

TSPAM A ~- SP7q 
(HL13.1 ~- SP3-1 
IHLIp ~ 0 

Transfer stack to A and RAM 

contents atldressetl by HL 

0 0 1 

0 0 1 
i 
1 

1 

0 

1 
1 

1 
0 

1 

1 

2 2 

SKIP 

SKC Skip ih C= 1 Skip if Carry Flag is true 0 1 0 1 1 0 1 0 1 1+ S C= 1 

SKMBT data Sklp if (H Llgit = 1 Skip if the single bit of the 
RAM location atldressed by 

HL, denoted by D1 Dp, is true 

0 1 1 0 0 1 01 Dp 1 1 +S (HLlbit = 1

SKA BT tlata Skip if Ayit = 1 Skip if the single bit of A, 
denoted by 07Op, Is true 

0 1 1 1 0 1 Dt Dp 1 1 + $ Abit = 1 

SKMBF data Skip if IH Llbit = 0 Skip if [he single bit of [he 
RAM location addressed by 

HL, denoted by D1 Dp, is false 

0 1 1 0 0 0 D1 DO 1 1 + S (HLlbit = 0

SKAEM Skip if A= (HL) Skip ii A equals the RAM 

contents atldressed by HL 

0 1 0 1 1 1 1 1 1 1+ S A= IHL) 
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ft PD7502 
INSTRUCTION SET (CONY.) 

MNEMONIC FUNCTION DESCRIPTION 
INSTRUCTION CODE 

BYTES CYCLES 

SKIP 

CONDITION D7 I D5 ) D5 ) Dq) O; I Dy ) 07 ) Dp 

SKAEI data $kip ifA=data Skip if Aequals4 bits of 0 0 1 1 1 1 1 1 Z 1+S A=data 
immediate data 0 1 1 0 03 Dz DI Op 

SKDEI data $kip itD=date $kip it Dequals4 bits of 0 0 1 1 1 1 1 0 Z 3+$ D=tlaia 

immediate data 0 1 1 0 D3 D2 DI DO 

SKEET data $kip ifE=data Skip if Eequalsgbits of 0 0 1 1 1 1 1 0 2 Z+$ E=tlata 
rmmeeiare aata o t o D D3 D2 Dt Dp 

$KHEl tlata $kip if H=data $kip if Hequals4 bits Of 0 0 1 1 1 1 1 0 Z 2+S H=tlata 
immediate data 0 1 1 1 D3 D2 DI Op 

$KLEl data $kip'rfL=data Skip if Lequals46its of 0 0 1 1 1 1 1 0 2 2+$ L=data 
immediate data 0 1 0 1 03 Dz DI Dp 

TIMER 

TAMMOD TMRy{ «A Transfer A and the RAM 0 0 1 1 1 1 7 1 2 2 

TMR;.p «IHLI is atldressetl by HL 
to T mar Modulo Register 

0 0 1 1 1 1 1 7 

TIMER TCR~.p«0 $tart Timer Operation 0 0 1 1 1 1 1 i Z Z 

INTTROF-0 0 0 1 1 0 0 1 0 

TCNTAM A~-TCRT.q Transfer Timer 0 0 1 1 1 1 1 1 2 2 

IHL) ~- TCR;.p Count Regiser to A and tM1e 0 0 1 1 1 0 1 1 
RAM conrenu addresrztl by HL 

INTERRUPT 

El data IER~IER ~/D3q Enable Interrupt specified by 0 0 1 1 1 1 1 7 2 2 
if pz.p - 0, IME ~ t 3 bits of immediate data. II 

the immediate data D2.0 is 0, 
t tM1e InterrupS Master 

1 0 0 1 0 D~ Dt Op 

Enable F/F. 

DI tlata IER —IER /~Dz.p Disable Interrupt specitietl by 0 0 1 i 1 1 1 1 Z 2 
if DZ.p = 0, IME ~ 0 3 bits of immediate data. I/ 

the immetliate data Dp.p is 0, 
asst [M1e Interrupt Master 

1 0 0 0 0 D3 DI Dp 

Enable F/F. 

SKI tlau Skip if INTnROF/~D2.p ~0 Test Interrupt Request Flag 0 0 1 1 1 1 1 1 2 2+S INTq RFO = 1 

INTO —RFO/~Dz.p specified by 3bits of imme~ 
diets data: skip if Interrupt 

0 t 0 0 0 DZ Dt Op 

Request Flag is [rue: Reset 
the Interrupt Request Flag. 

SERIAL I/O 

TAM510 SIO~.q ~- A Transfer A and the RAM 0 0 1 1 1 1 1 1 2 2 

$10;.p—IHLI nts atltlressed by HL 
to SIO Sh'ilt Register 

0 0 1 1 1 1 1 0 

TSIOAM A «$107 Transfer $10 $hilt Register 0 0 1 1 1 1 1 1 2 2 

IHLI ~SI03.p data [o Aand the RAM con 
tents atltlussetl by HL 

0 0 1 1 1 0 1 0 

SIO $IOCRZ.p ~ 0 Start Serial I/O Oceration 0 0 1 1 1 1 1 1 2 2 

INTp/$ ROF —0 0 0 1 / 0 0 1 1 

PARALLEL I/O 

IPL A~ PILI Input [he Por[addressed DV 0 1 1 1 0 0 0 0 1 1 

L toA 

IP address A ~-PID;{71 Input Me Port addressed by 0 0 1 1 1 1 1 1 ] 2 

4 bits of immediau tlata to A 1 1 0 0 D3 DZ D7 Dp 

IP7 A—Pl Input Port7toA 0 1 1 1 0 0 0 1 1 1 

IP54 A — P53~0 InWt Ports to A; 0 0 1 1 1 1 1 1 1 2 
IH LI~P43.p Input Porto mthe RAM loca~ 

tion addressed by HL 

0 0 1 1 1 0 0 0 

OPL PILI ~ A Output A to the port sedressatl 
by L 

0 7 1 1 0 0 1 0 1 1 

OP aeereu PID;.pI ~ A Output A to the port addressed 0 0 1 1 1 1 t 1 ~ Z 
py 6 bits of immediau data 1 1 1 0 D3 D1 Dt Op 

OP3 P3 «A Output A [o Por[ 3 0 1 1 1 0 0 1 1 1 1 

OP54 Pb;.p ~- A Output A to Port 5; 0 0 1 1 1 1 1 1 2 Z 

Po;.p «IHL) Output [he RAM <onunu 
eddresud by HL to Pon 4 

0 0 1 1 1 1 0 0 

ANP date PID7g1«PID).41 /~D;.p PerlormaLOGICAL AND 0 1 0 0 1 1 0 0 2 2 

Oatwaen the port edtlressed 
by 4 bits of immediate data 
and an additional 4 btu of 

mmetliete data; output the 
result to ue same port 

DT D5 DS D4 O; DZ Dl Op 

ORP PlD~gl— PID»I V Da.p o a LOGic AL OR 0 0 z z 
between the port addressed 
by 9 bits of immediate eats 
and an atltlitianal q bits of 
mmeeiate aan: Detpet ma 
esut tp me same pnrt 

D7 O6 O$ Dq 03 DZ D7 DO 

CPU CONTROL 

NOP Perform no operation; com 
sums one machine cycle 

0 0 0 0 0 0 0 0 1 1 

HALT Enur HALT Mode 0 0 1 7 1 1 1 t 2 2 
0 0 1 1 0 1 1 0 

STOP Enter STOP Mode 0 0 1 1 1 s 1 1 Z 2 
0 0 1 1 0 1 1 1 
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µ PD7502 

Operating Temperature  -10°C to+70°C ABSOLUTE MAXIMUM 
Storage Temperature  -40°C to +125°C RATINGS* 
Power Supply Voltage   -0.3V to +7.OV 
All Input and Output Voltages  -0.3V to +7.3V 
Output Current (Device Total) IOH = 

IOL = 

mA 
mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Ta = 25°C 

Ta 10° C to+70°C VDD=2.7V to 5.5V 

PARAMETER SYMBOL 
LIMITS 

UNITS CONDITIONS 
MIN TVP MAX 

Input Voltage 

VIH 0.7 VDD VDD 
V PORT, RESET, 51. SC K, INTO, INT1 

VIL 0 0.3 Vpp 

VXH VDD-0.5 VDD 
V X1, External Pulse InDu[ 

VXL ~ 0 0.5 

Clock Vol[age V0H VDD-0 .5 Vpp 
V CL7, External Clock 

V0L 0 0.5 

Input Leakage 
Current 

ILIH 1 
µA 

PORT, RESET, SI, Vin =Vpp 

ILIL -1 SC K, INTp, INT1 Vin =0V 

ILXH 10 
NA X1 

Vin=VDD 

ILXL -10 Vin =0V 

Clock Leakage 
Current 

ILOH 10 
yA CL1 

Vin =VDD 

ILmL -10 Vin=OV 

Output Voltage 

V

PORT, SO,~ 

V 

OH

VDD -1.0 VDD=5V~10% , IOH=-1.0 mA 

VDD -0.5 Vpp=2.7 to 5.SV , IOH=-100 pA 

VpL
0.4 

V 
VDD=5V~10% . IOL=1.6 mA 

0.5 VDD=2.7 to 5.SV , IpL =400 pA 

Ou[pu[ Leakage 
Curren[ 

ILOH 1 

YA 

PORT, SO, SCK 

Ou[pu[ In[o High 
Impedance 

VO=VDD 

ILOL -1 V0=0V 

Ou[put Impedance 

RCOM 
5 

5 
kn COMp to COM3 Ol

VDD = 5V ~ 10% 

50 Vpp=3V~10% 

RSEG 
20 

kII Sp m Spa Q1
Vpp = 5V ~ 10% 

20 VDD = 3V x 10% 

S~ppW C~r.en[ 
(All Outputs Open) 

IppO
400 900 

Operating Mode 
Vpp=5V:10% 

200 400 Vpp=3V!10% 

IDpH 
100 250 

MA HALT Mooe 
VDD=5V x 10% 

40 100 Vpp = 3v ~ 10% 

IppS
20 40 

STOP Mode 
Vpp=5V~10% 

5 10 Vpp = 3 V ~ 10% 

Note: Q1  2.7V c VLCD ~ VDD 

DC CHARACTERISTICS 
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AC CHARACTERISTICS T== -10°c tp+7o°C; Vpp~2.7V to 5.5V 

CAPACITANCE 

PARAMETER SYMBOL 
LIMITS 

UNITS CONDITIONS 
MIN TVP MAX 

System Cbck Frequency 

f~ 
90 130 170 

kHz 
Vpp=SV±10%,C=33 pF~5%,R=760 kt2±2% 

90 80 105 Vpp=2.7 to 5.SV,C=33 pF±5%,R=240 ki2x2% 

imExt 

t0 130 200 
kHz External Clock 

Vpp=SV ~?0% 

10 60 720 Vpp=3V ~ 10% 

System Clock Rise and 
Fell Times tr0~ ts0 0.2 µs External Clotk 

System Clock Pulse Width 
t~ H 23 50 

µs External Clock 
Vpp = 5V ~ t0% 

t~ L 40 50 Vpp - 2 7 to S.SV 

Count Clock Frequency 
Sz 25 32 50 kHz Crys[al Oseillato 

ixExt DC 32 200 kHz External Pulse Input 

Count Clack Pube R ise and 
Fall Times trx• tfx 0.2 µi External Clock 

Count Clxk Pulse Width 
txWH 23 

µs External Pulse Input 
txWL 23 

SCK Cycle tCyK
4.0 

µa SCK Input 
Vpp=SV±10% 

6.0 Vpp=3V±10% 

SCK Pulse Width 
tKWH 1.8 

µs SCK Input 
VDD=5V!10% 

tKyyL 3.0 VDD = 3V +. /0% 

SI Setup Time tIS 300 ns Vpp = 5V ± 10% 

SI Hold Time LIH 450 ns Vpp =.5V ~ 10% 

SO Delay Time [OD 650 ns Vpp = 5V ± 10% 

INTO Pulse Width tIDWH 10 µs Vpp = 5V ±. 10% 
tIOWL 

INT1 Pulse Width t11WH 10 µs Vpp = SV •. 10% 
t11WL 

Reset Pulse Width 
tgWH

10 Ps Vpp = SV ± 10% 
igy~L

Ta = 25°C 

PARAMETER SYMB(IL 
MIN 

LIMITS 

TVP MAX 
UNITS CONDITIONS 

Input Capacitance CI 20 pF 

Outpu? Capacitance Cp 2p pF 

System C lock 

Capacitance Cm 20 pF 
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ADD 
SYSTEM 

CLOCK (CL7) COI: 

VOL 

ASS 

COUNT CLOCK IXI1 

v 0 

s._ t0W H -~- ~—'owL —► 

l  

SERIAL CLOCK ISCKI 

SERIAL INPUT 1511 

f ~ fxEXT 

ixWL~ s 
fxWR 

ffx 

 t 
ICyK

f-fKW L fKWH

SERIAL OUTPUT ISOI 

CIS fIH 

TIMING WAVEFORMS 
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PACKAGE 
DIMENSIONS 

µPD7502G 

0 
0 

0 

oarvP L__

Pi~v i 

18.0 T V P 

20 0 Tvv 

3.i6 Mq; 35.fi 0a 

a 

a 

O.t6 utnx —i~~{-

7502 DS-12-80-CAT 
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NEC Microcomputers, Inc. 

4-BIT SINGLE CHIP MICROCOMPUTER ~[~~ 

NBC 
N, PD7503 

3_~il_~~...~~d 
DESCRIPTION The µPD7503 is a µCOM-75 4-bit single chip microcomputer with a 4096 x 8 ROM, a 

224 x 4 RAM, a programmable 8-bit timer/event counter, and 4 vectored, prioritized 
interrupts. It is also capable of directly driving a 24-segment, 3 or 4•backplane multi-
plexed Liquid Crystal Display (LCD►. The µPD7503 is manufactured with alow-
power-consumption CMOS process, allowing use of a single power supply between 
2.7V and 5.5V, and providing programmable power-down capability. It has 23 I/O 
lines, organized into one 3-bit parallel port, five 4-bit parallel ports, and one 8-bit serial 
port. The µPD7503 executes 92 instructions of the µCOM-75 instruction set, and it is 
available in a 64-pin plastic flat package. 

FEATURES ao96 x 8 Bit ROM 
• 224 x 4 Bit RAM 
• 15µs Instruction Cycle Time 
• 92 Powerful Instructions 

— Table Look-up Capability with LHLT and LAMTL instructions 
— Indirect indexed addressing with CALT instruction 

• RAM Stack 
• Extensive I/O Capability 

— One 3-Bit Input Port 
— One 4•Bit Input Port 
— One 4-Bit Output Port 
— Three 4-Bit I/O Ports, of which two are 8-Bit Byte Accessible 
— One 8-Bit Serial I/O Port 

• Programmable LCD Controller 
— 24 Segment Outputs and 4-Backplane Outputs 
— Can Directly Drive 3- or 4-Backplane Multiplexed LCDs 
— Automatic Synchronization of Segment and Backplane 

Signals, Transparent to Program Execution 
• Programmable 8-Bit Timer/Event Counter with Crystal Clock Generator 
• Vectored, Prioritized Interrupts 

— 2 External 
— 2 Internal (Timer and Serial I/O) 

• Programmable Power-Down Operation with HALT and STOP Instructions 
• Built-In System Clock Generator 
• Built-In Reset Circuitry 
• Single Power Supply, Variable from 2.7V to 5.5V 

• CMOS Technology 
• 64-Pin Plastic Flat Package 

PIN CONFIGURATION 

e} { 
5, 1 

501 
INii 1 

RESEt 1 
cL~ I 

vOD ( 
DL} 1 

EIJ 1 
PI}  1 

Nip 
L_ 

JJ L 

I
I

~
n

I
I 

II(

W~II 

~_ ~ 

I
I

rR

~~
I 

I
I

~
n

I
I 

II(
~II 

I

In
f
I 

I
I
nI

I 

_ °' IIrR

~'I 

I'n
1' 

.. 

I1 II 1111 1  ' 11 11 I1 1,  N II I1 

55 

56 

SB 

60 

O 

O 

µPD7503 

e 5 6 r e 9 

l3  IS}} 

I  I 5}J 

l  tCOMp 

 1 COMI 

e IDOru}

n 1couJ 

.  v00 

}  vLCDt 

}Q  /VLCO} 

}A IVLCDJ 

 1 v55 

31  1 kl 

}o  Ik} 

PIN NAMES 

SOSp7 LCD Segment Outputs 

COMO~COM3 LCD Beckplene Output 

Pot/SCK I,Wut Pon Oi/Serial CIOpk 

POZ/50 Input Port 01/Serial Output 

P03/51 Input Port O$/Serial Input 

PlO/INTO InWt Port l0/Interrupt 0 

PlO-P13 InWt Port l 

P30-P33 Output Tort 3 

P6O~Pe3 Input/Output Port6 

P5OA63 Input/Output Port 5 

P6p-P67 InpudOurout Port 6 I 

INTI Interrupt 1 

Xt. %Z Crvsbl Clock Input, DYtWt 

Cl. CZ System Clock Input Output 

RESET Resat 

V LCD/ -V LCDO LCD Power Supply 

VDD Power Supply Positive 

VSS GIWrW 

NC No Connection 



µ PD7503 

CE [<p C~ I , , 
POys 

vO 
Pgpi61 

NTg 6G 

<GN°AOL G ~"ER 
INT) ~ .N 

ada6, E 6., RoM 

} f 
«o~~ 

GENERnTOR 

1 ! 

CTiON 

f i 
00 ass 

GENERAL REGI6TERE 

p Ial E 101 

°~

R~R°ER 

t i 
RESET Lco cL sosza, coMg coNz vLcol. v~coz. vLco~ 

P<n.P<, 

PSn.Ps, 

Pad.~6, 

BLOCK DIAGRAM 

The µPD 7503 executes [he iden[ical instructipn se[ of [he µPD7502, wi[h only two exceptions. First, all instructions referencing the INSTRUCT 10 N SET 
11-bi[ Program Counter PC1 p.0 of the uPD7502 will now refer to [he 12-bit Program Counter PC1 t-0 of the µPD7503. Secontl, the 
LAMTL instruction below replaces the µPD7502 LAMT instruction. 

MNEMONIC FUNCTION DESCRIPTION 

INSTRUCTION CODE 

BYTES CYLCE6 
SKIP 

CONDITION D)1 D61 D51Da 1031 OZIDt IDO 

LOAD 

LAMTL A— IPC1p.6,A,IHLIIH Load lbe up0er66its of ROM 0 0 1 1 1 1 1 1 ] ~ 

Table Data at address 0 0 t 1 0 1 0 0 

PC108~A.IH L1 to A; 

IHLI «IPC1p9.A,IMLIL Load lbe lowers bits of ROM 
reels Deu at address 
PC108~A.IHL1 to the RAM 
location adtlressed by HL 

I 

o a

}

rvr t--

T t

 llIIIIIIIIIiVVVVIIi u 

~~~

y 

g 

g 
0 
a 

a 

0 

a 

0 

oIEMA. ~~-

PACKAGE OUTLINE 
µPD7503G 
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NEC Microcomputeirs,lnc. 

~~~ 
4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
f,tPD7507 

,0~ ~~~~ 

DESCR I PTI ON The µPD7507 is a µCOM-75 4-bit single chip microcomputer with a 2048 x 8 ROM, 
a 128 x 4 RAM, a programmable 8-bit timer/event counter, and 4 vectored, prioritized 
interrupts. The µPD7507 is manufactured with a low power consumption CMOS 
process, allowing use of a single power supply between 2.7V and 5.5V, and providing 
programmable power-down capability. It has 32 I/O lines, organized into eight 4-bit 
parallel ports and one 8-bit serial port. The µPD7507 executes 92 instructions of the 
µCOM-75 instruction set, and it is available in a 40 pin dual-in-line package. 

FEATURES 

PIN CONFIGURATION 

• 2048 x 8 Bit ROM 
• 128 x 4 Bit RAM 
• 10µs Instruction Cycle Time 
• 92 Powerful Instructions 

— Table Look-Up Capability with LHLT and LAMTL Instructions 
— Indirect Indexed Addressing with CA LT Instruction 

• RAM Stack 
• Extensive I/O Capability 

— One 4-Bit Input Port 
— Two 4-Bit Output Ports 
— Four 4-Bit I/O Ports, of which two are 8-Bit Byte Accessible 
— One 4-Bit I/O Port with Output Strobe 
— One 8-Bit Serial I/O Port 

• Programmable 8-Bit Timer/Event Counter with Crystal Clock Generator 

• Vectored, Prioritized Interrupts 
— 2 External 
— 2 Internal (Timer and Serial I/O) 

• Programmable Power-Down Operation with HALT and STOP Instructions 
• Built-In System Clock Generator 
• Built-In Reset Circuitry 
• Single Power Supply, Variable from 2.7V to 5.5V 
• CMOS Technology 
• 40-Pin Dual-In-Line Package 

X2 
P20/STB 

P21 /TOUT 
P22 
P23 
P10 
P1I 
P12 

Pia 

P30 

P3I 

P32 

P33 

P70 

P7I 

P72 

P73 

RESET 

CLI 

uDD 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

i6 

17 

18 

19 

20 

~,(. PD7507 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

X1 

uSS 
P43 
P42 
P4I 
Pop 
P53 
P52 
P5I 
P50 
P63 
P62 
P6I 
P60 
P03/SI 
P02/SO 
POI /SC KK
POO/INTp 
INTI 
CL2 

PIN NAMES 

P00/INTp Input Port Op/Interrupt 0 

P07/SCZI Input Port OI/Serial Clock 

P02/SO Input Port 02/Serial Output 

P03/SI Input Pon 03/Serial Input 

Pi0'Pi3 Input/Output Port i 

P20/STB Output Port 2p/Pon 1 Strobe Output 

P21/TOUT Output Port 27/Timar Output 

P2p-P23 Output Port 2 

Pap-P33 Output Port 3 

Pop-P4g Input/Output Port 4 

P5p-P53 Input/Output Port 5 

P60-P53 Input/Output Port 6 

P7p-P73 Input/Output Port 7 

INTI Interrupt i 

Ct, C2 System Clock Input, Output 

X1, X2 Crystal Clock Input, Output 

RESET Reset 

uDD Power Supply Positive 

t/SS Ground 
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/tt PD7507 

COUNT 

GENERATOR COUN 
ERNT 

INTI 

POp/INTp 

Ct /SCK P01/BO 
P~„B. 

NTERRUPi 
(CONTROL 

INTB 

PIIOGRAM COUNTE 

1018. R BIT ROM 

GENERATOR CONTROL 

i t 

Y 

~~ 

RUCTION 
DECODER 

i f i 
woo ss RESET 

GENEPAL REGISTERS 

D IAI I E1g1 

161 Ie 

BTACK POINT R 

~ ~°°°° ( 0, TpUTI 

PORTS 
CH 

BUPFER 

/—\ 

W 
/—` 

(
\

~1

~

W_

Y Y 

PORT( M 
gTCH W

BDPEER 

BUP ER 

BVF ER 

B~ORT] 

I 

Y P 

P3pP3~ 

Pap4g1 

PSCJ51 

PBO-0q] 

~ On R

BLOCK DIAGRAM 

The µPD7507 executes the identical instruction set of the µPD7502, with the sole exception being 

that the LAMTL instruction below replaces the µPD7502 LAMT instruction. I NST R UCTI UN SET 

MNEMONIC FUNCTION DESCRIPTION 

INSTRUCTION CODE 

BYTES CVLCES 
SKIP 

CONDITION DT'DSI DS IDq ~D;I D3ID1'Op 

LOAD 

LAMTL A— IPCi08A.IH LIIH 

IH L) ^ IPCI O-B.A.IH LII L 

Loatl tM1e uppe.46its of ROM 
Twle Da. at am~e:: 
PC108~A,IH LI to A: 

Loatl tM1e lower 0 bits of ROM 
Table Dete at atldrezz 
PCIp.g,A.IH LI to the RAM 
Ipgnon atltlressEe by HL 

0 0 1 t 1 1 1 1 
o D 1 1 0 1 0 0 

1 ; 

rlea~~ 
ITEM MILLIMETERS INCNES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.054 

C 2.54 ! 0.1 0.10 ! 0.004 

D 0.5!0.1 0.019!0.004 
E 48.26 1.9 
F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 
J 5.72 MAX 0.225 MAX 
K 15.24 0.600 

L 13.2 0.520 

M 0.25 
0.05 0.010 i 

4002 

PACKAGE OUTLINE 
µPD7507C 
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NEC Microcomputers, Inc. 

DESCRIPTION 

4-BIT SINGLE CHIP MICROCOMPUTER 

NBC 
µ PD7520 

The µPD7520 is a µCOM-75 4-bit single chip microcomputer with a Programmable 
Display Controller capable of directly driving a multiplexed 8-segment, 8-digit LED 
Display. It has a 768 x 8 ROM, a 48 x 4 RAM, and 24 I/O lines for communication 
with and control of external circuitry. The µPD7520 is manufactured with a low-
power consumption PMOS process, allowing use of a single power supply between 
-6V and -10 V. The µPD7520 executes 47 instructions of the µCOM-75 instruction 
set, and is available in a low-cost 28-pin plastic dual•in-line package. 

FEATURES 768 x 8 Bit ROM 
• 48 x 4 Bit RAM 
• 20 µs Instruction Cycle Time, Typical 
• 47 Powerful Instructions 

- Table Look-Up Capability with LAMT Instruction 
• 2-Level Subroutine Stack 
• One 4-Bit Input Port 
• One 4-Bit I/O Port 
• One 2-Bit Output Port (Capable of Driving Piezo Element) 
• Programmable Display Controller 

- 6 LED Direct Digit Drive Outputs (8 Possible Using P40-1 I 
- 8 LED Direct Segment Drive Outputs 
- Selection of a 4, 5, 6, or 8-Digit Display Strobe Cycle 
- Can Directly Drive 8-Segment, Multiplexed Displays, 

or up to an 8 x 8 Dot Matrix 
- Automatic Synchronization of Segment and Digit Signals, 

Transparent to Program Execution 
- Segment Outputs also Function as Latched, 8-Bit Parallel Output Port 

• Built-In Clock Signal Generation Circuitry 
• Built-In Reset Circuitry 
• Single Power Supply, Variable from -6V to - 10V 
• Low Power Consumption: 45 mW, Typical 
• P-Channel MOS Technology 
• 28-Pin Plastic Dip 

PIN CONFIGURATION P31 

Pap 

P13 

P12 

P11 

P70 

P43 

P42 

P41 

P40 

T5 

Tq 

T3 

V SS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

CLK 

RESET 

VGG 
Sp 

Sq 

S1 

S5 

S2 

Sg 

S3 

S7 

TO 

T1 

T2 

PIN NAMES 

SO - S7
• 

Segment Drive 
Output Port S 

TO - T5 Digit Drive 
Output Port T 

P7 0 - P13 Input Port 1 

P30 - P31 Output Port 3 

P40 - P43 InputlOutput Port 4 

CLK Clock Input 

RESET Reset 

VGG Power Supply 
Negative 

VSS Ground 
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DC CHARACTERISTICS 
Ta = -10° C to +70° C, VGG = -6V m -10V 

N,PD7520 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN TYP MAX 

Input Voltage 
High V IH 

-2 V Ports 1, 4, RESET VGG =-gV ± 1V 
-1 

8 VGG =-6V to -10V 

Input Voltage 
Low VIL 

VGG+1.5 
~ V Ports 1, 4,RESET 

VGG= - gV * iV 

VGG+0.8 VGG =-6V to -10V 

Clock Voltage 
High V~H -0.8 V CLK, External Clock 

Clock Voltage 
Low 

V~L -5.0 V CLK, External Clock 

Input Current 
High IIH 

45 200 
µP` Port 1, RESET 

VI = OV, VGG =-gV ± 1 V 

40 200 V OV, V 1= GG=-6V to -10V 

Input Leakage 
Current High ILIH +5 µA Port 4, VI = OV 

Input Leakage 
Current Low 

ILIL1 -5 µA Pori 1, RESET, VI =-10V, VGG =-tOV 

ILIL2 -5 µA Port 4, VI =-10V 

Clock Current 
High 

I 
~H 0.5 mA 

CLK, External Clock, Vg1i = OV, 

VGG =-gV ± 1 V 

Clock Current 
low ILL -2.1 mA 

CLK, External Clock, V~L = -5V, 

VGG=-9V±1V 

Output Voltage 
Low VOL VGG+0.5 V Port 3, No Load 

Output Current 
High 101.{1

-1 A 
mA Port 3, 

VO = -1.OV, VGG =-gV ± 1 V 

-0~ VO =-1.OV, V 6V GG = - 

1 OH2 -2'0 mA Port 4, 
VO - -1.OV, VGG =-gV * 1 V 

_1.2 V'O =-1.OV, VGG =-6V 

IpH3

-5 -10 

mA Port S, 

V0= - 2.OV,VGG=-gV± 1V 

-3 
r 

-6 V0 =-2.OV, VGG =-6V 
_1 _g VO =-1.OV, VGG =-6V to -10V 

101.14

-24 -48 

mA Port T, 

Vp=-2.OV,VGG=-9V±1V 

-13 -27 I VO =-1.OV, VGG =-gV ± 1 V Q 

-9 -18 VO = -1.OV, VGG = -6V 

Output Current 
Low 

IOL1

1 2 

mA Port 3, 

VO =VGG + i.5V, VGG =-gV ± 1 V 0 
0.1 02 V0=VGG+3.5V, VGG =-gV ± iV 

0.3 0.6 VO =-4.5V, VGG =-6V Qi

0.1 0.2 VG = -2.5V, VGG = -6V 

1OL2

4.5 9 

mA Port S, 

VO =VGG +5.OV, VGG =-gV f 1 V 

1 2 VO =VGG +3.5V, VGG =-6V to -10V ' 

Output Leakage 
Current High ILOH +5 µA Ports 4, T, VO = OV 

Output Leakage 
Current Low ILOL -5 µA Ports 4, T, VO =-10V 

Supply Current IGG -5 -g.8 mA Ta = 25°C, VGG =-9V, No Load 

Note: Q Current within 2.5 ms after turning to the low level ITa = 25°CI. 
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ftPD7520 

The ALU, the Accumulator, and the Carry Flag together comprise the central por-
tion of the µPD7520 architecture. The ALU performs the arithmetic and logical 
operations, and checks for various results. The Accumulator stores the results gener-
ated by the ALU, and acts as the major interface point between the RAM, the I/O 

ports, and the H and L registers. The Carry Flag can be addressed directly, and can 
be set during an addition. 

Data Pointer Registers 

The 2-bit H register and 4-bit L register are two registers which reside externally to 
the 48 x 4 bit RAM. They function as the Data Pointer, addressing the rows and 
columns of the RAM, respectively. They are individually accessible, and the L regis-
ter can be automatically incremented or decremented. 

RAM 

The µPD7520 has a static 48 x 4 bit RAM organized into 3 rows by 16 columns. The 
RAM is used for general purpose data storage or data transfers, and is also used to 
store Display Data for access by the segment latch of the Display Controller. 

ROM 

The ROM is the mask-programmable portion of the µPD7520 which stores the appli-
cation program. It is organized into a single 768 x 8 bit field. Execution of the pro-
gram resident in the ROM is independent of field or page boundary limitations. 

Program Counter and Stack Register 

The Program Counter is a 10-bit register which contains the address of a particular 
instruction being executed. It is incremented during normal operation, but can be 
modified by various JUMP and CALL instructions. The Stack Register is a LIFO 
push-down stack register used to save the value of the Program Counter when a sub-
routine is called. It is organized as 2 words x 10 bits to accommodate 2 levels of 
subroutine calls. 

BLOCK DIAGRAM 

IOB TPROGRAM COUNTER 

I66. 8 eiT ROM 

EGG ~~ 

RE6ET, 

~~

RUCTION 
ECODER/ 

CONTROLLER 

CLOCK 
GENERATOR 

f 

gCCUMULATOR 

OATq POINTER 

21 

t1

~—

O fiP~gY CONTROLLER 

~NOFT 
B ER 

aPlo~ 

ATCP ED 
P30.1 

~1 

( ] ) P00 I 

W P43 

Internal Registers FUNCTIONAL 
DESCRIPTION 
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µ PD7520 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input 
Capacitance 

CI 75 pF Port 1, RESET 

f = 1 MHz 

Output 
Capacitance 

CO 20 pF Ports 3, S, T, 

Input/Output 
Capacitance 

CIO 20 pF Port 4 

Clock 
Capacitance 

C~ 30 pF CLK 

Ty = -10° C to +70° C, V G r = - 6 V to -10 V 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Clock 
Frequency 

t 
°u

225 300 375 kHz 
Rf = 1MR, VGG =-9V ± tV, 
Ta =25°C 

180 300 450 kHz Rf = 1 Mtt, VGG = -9V ± 1 V 

fp 100 330 kHz 

CLK, External Clock 

Clock Rise and 
Fall Times 

tr'tf 2
µs 

Clock Pulse 
Width High 

t~y,/H 1 5 3 µs 

Clock Pulse 
Width Low tmWL 1.5 3 µs 

VSS 

VNH 

V4~L 

VGG 

f t~H 

t/f~ _y 

tQNV L —► 

The NEC Microcomputers' NDS Development System is available for the develop-
ment of software source code, editing, and assembly into object code. In addition, 
the ASM-75 Cross Assembles is available for systems supporting the ISIS-I I (TM 
Intel Corp.) Operating System, and the CASM-75 Cross Assembler is available for 
systems supporting the CP/M (®Digital Research Corp.) Operating System. 

The EVAKIT-7520 Evaluation Board is available for production device evaluation 
and prototype system dehuygilty. 

CAPACITANCE 

AC CHARACTERISTICS 

CLOCK WAVEFORM 

DEVELOPMENT TOOLS 

230 



µ PD7520 

Port 1 P10_3 

Port 2 P20-t 

Port 3 P30-~ 

Port 4 P40-3 

Clock and Reset Circuitry 

The Clock Circuitry for the µPD7520 can be implemented by connecting a resistor 
from the CLK input to VC, C,. The Power-On-Reset Circuitry for the µPD7520 can be 
implemented by connecting a capacitor from the RESET input to VSS• 

I/O Capability 

The µPD7520 has 24 1/O lines for communication with and control of external cir-

cuitry. The Port configuration is selectable under software control via the Mode 
Select Register as follows: 

4-Bit Schmidt Input 

2-Bit Latched Output Option, Accessible through 

Port T (Tq-5) 

2-Bit latched Output 

4-Bit Input/Latched Cutput 

Port S S0-7 Latched 8-Bit Parallel/Segment Drive Output 

Port T TO-5 6-Bit High-Current/Digit Drive Output 

T6_7 Additional 2-Bit Digit Drive Output Option, Accessible 

through Port 4 (P40-1) 

DISPLAY CONTROLLER 1 
BLOCK DIAGRAM 

V 

DATA BUS 

V 
MODE 
SELECT 

REGISTER 

M02 

3 

v 

PORT 2 
LATCH 

2 

3-BIT _ 

COUNTER 

~_ 
3 

V 

SEGMENT 
LATCH 

TIMING 
PULSE 

MPX 

RAM 

(3 ROW x 16 COLUMN) 

LATCH 

SEGMENT 
DRIVER 

SO.7 

1/15 

3-8 DECODER 

4 4r~ 

~ T+{

OR 

P2D 

PORT 4 
LATCH 

SYSTEM 
CLOCK 

3 

P42 

Pte
"1 TB-~ 2 P401 

v v 
OR 

T3 
v t7 

DIGIT 
DRIVER 

V 
Tp-5 

(Tp_3, P2p_~ ) 

3 

a 

BUFFER 

Pop-1 P423 
IT6.71 
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fsPD7520 
The Display Controller is the major feature of the µPD7520. It automatically per- DISPLAY 
forms scan or display strobe operations which would otherwise require considerable CONTROLLE R 
software. 

The Display Controller interfaces to a common-anode LED display without external 
components. Connections from the Display Controller to the display are made from 
Port S to the cathodes (segmentsl, and from Port T to the anodes (digit enables). 
Up to 6 digits can be driven directly by the µPD7520 in this manner. A total of 8 
digit drives are available by using the two digit drives accessible through Port 40.1, and 
adding only two small driver transistors and four resistors externally. When Port T4-5 
is not used to drive a display, it may be used as a high current driver, accessible 
through Port 20-1• 

During operation, a 3-to-8 decoder selects which digit of a Display Buffer in the 
RAM will be multiplexed onto the display. The contents of the pair of RAM locations, 
corresponding to the digit chosen from the Display Buffer, are transferred to the 8 
latched outputs of Port S, and the corresponding Port T digit drive is enabled. After 

13 machine cycles have been completed, the digit drive is disabled, the decoder is 

updated to select the next digit of the Display Buffer to be multiplexed onto the dis-
play, and this cycle is repeated. Thus, the µPD7520 program needs only to load the 
properly decoded display data into the Display Buffer and it immediately appears 
on the display. Operation in this manner is completely transparent to the µPD7520, 
and requires no intervention once the proper display mode has been selected. 

The use of a Mode Select Register enhances the utility of the Display Controller by 
allowing a choice of a 4, 5, 6, or 8 digit display strobe cycle output, or a direct latched 
output. A choice can also be made between one of the two possible Display Buffers, 
resident in either Row 0 or Row 2 of the RAM. 

The Mode Select Register (MSR) is a separate 4-bit register of the Display Controller 
which determines the function that the Display Controller will perform. The value of 
the MSR can range from 018 to F16, and it can be modified by data in the Accumu-
lator. This is accomplished by execution of the OPL (output-to-port) instruction, 
where L (the lower 4-bits of the data pointer) is set to the value B18 in order to 
address the MSR. Execution of this instruction transfers the contents of the Accumu-
lator into the MSR, and the Display Controller begins operating according to the 
following table: 

M3 My Mt MO DISPLAY CONTROLLER OPERATION 

0 0 0 0 Reset IS0-7: High levell; (T0-5: OFF) 

0 0 0 1 8-bit paral lel output: 50-3 ~ (OEH1; S4_7 ~- (OFH1; (T0-3: OFF) 

0 0 1 0 Not used 

0 0 1 1 Not used 

0 1 0 0 4digit display (T0.31; Segment data: OOH-07H 

0 1 0 1 5digit display ITO-ql; Segment data: OOH-09H 

0 1 t 0 6digit display (T0-51; Segment data: OOH-0BH 

0 1 1 1 8digit display (T0.71; Segment data: OOH-OFH 

1 0 0 0 Not used 

1 0 0 1 8-bit parallel output: 50-3 «- 12EH); 54-7 «- (2FH1; (TO-3: OFF) 

1 0 1 0 Not used 

1 0 1 1 Not used 

1 1 0 0 4digit display (T0-31; Segment data: 20H-27H 

1 1 0 1 5digit display (Tp-ql: Segment data: 20H-29H 

1 1 1 0 6Gigit display IT0.51; Segment data: 20H-26H 

1 1 1 1 8rJigit display (T0-71: Segment data: 20H-2FH 

The MSB, M3, of the Mode Select Register defines the Row of RAM 10 or 21 to be 
used for the Display Buffer and M2 distinguishes between a digit strobe cycle output, 
or a direct latched output. 
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ft PD7520 

INSTRUCTION SET The following abbreviations are used in the description of the µPD~:i20 instruction set: 
SYMBOL DEFINITIONS 

INSTRUCTION SET 

SYMBOL EXPLANATION AND USE 

A Accumulator 

address Immediate address 

C Carry Flag 

data Immediate data 

Dn Bit "n" of immediate data or immediate address 

H Register H 

HL Register pair HL 

L Register L 

PI 1 Parallel Input/Output Port addressed by the value within the brackets 

PCn Bit "n" of Program Counter 

S Number of bytes in next instruction when Skip Condition occurs 

STACK Stack Register 

The contents of RAM addressed by the value within the brackets 

[ ] The contents of ROM addressed by the value within the brackets 

+- Load, Store, or Transfer 
+> Exchange 

— Complement 

i< LOGICAL Exclusive-OR 

MNEMONIC FUNCTION DESCRIPTION 

INSTRUCTION CODE 
BVTES CYCLES 

SKIP 
CONDITION D7 D8 I D6 I Dq ~ D3 I Dy I D7 I Dp 

LOAD 

LAI date A ~ 03.p Loed A with 4 bits of Imme- 
dleta date; execute wccsedinp 
LAI instructions as NOP 
Instructions 

0 0 0 1 D3 Dp D7 Dp 1 1 Strinp 

LHI data H ~- D7.p Loed H with 2 bits of Imme- 
diate data 

0 0 1 0 7 0 D7 Dp 7 1 

LHLI date HL ~- Dq.p Loed HL with 5 bits of 
immediate data; execute 
succeeding LHLI instructions 
as NOP instructions 

1 1 0 Dq D3 DZ D7 Dp 1 1 String 

LAMT A •- [PCg.F, 0, C, Al H 

IHLI ~ [PCg~, 
0, C, A) L 

Load the upper 4 bits of ROM 
Table Deta et address 
PCg.g, 0, C, A to A 

Load the lower 4 Dits of ROM 
Table Data et address 
PCg.g, 0, C, A to the RAM 
location addressed by HL 

0 1 0 1 1 1 7 0 1 2 

L A~ IH L) Load A with the contents of 
RAM addressed by HL 

0 1 0 1 0 0 1 0 1 1 

LIS A~ IH L) 
L = L + 1 
Skip if L = OH 

Loed A with the contents of 
RAM addressed by H L: incre-
ment L; skip if L = OH 

0 1 0 1 0 0 0 7 1 1 +S L= OH 

LDS A~ IHLI 
L = L— 1 
Skip if L = FH 

Load A with the contents of 
RAM addressed by HL; 
decrement L: skip if L = FH 

0 i 0 1 0 0 0 0 1 1+ S L= FH 

LADR address A ~- ID5-pl Load A with the contents of 
RAM addressed by 6 bits of 
immediate data 

0 0 7 1 1 0 0 0 
0 0 D5 D4 D3 DZ D7 Dp 

2 2 

STORE 

ST IHLI ~ A Store A into the RAM location 
addressed by HL 

0 1 0 1 0 1 7 1 1 7 

STII data IHLI •- Dp.p 
L ~ L + 1 

Store 4 bits of immediate data 
into the RAM location 
addressed by HL; increment L 

0 1 0 0 D3 DZ D7 Dp 1 1 

'.
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ftPD7520 
INSTRUCTION SET 
(CONY.) 

MNEMONIC FUNCTION DESCRIPTION 

INSTRUCTION CODE 

BYTES CYCLES 

SKIP 

CONDITION D7' D6'  D5 I Dq ~ D3 I  DZ I Dt I DO 

EXCHANGE 

XAH A7_p»H7.0 
Ag.2 «- OOH 

ExchangeAwithH 0 1 1 1 1 0 1 0 1 1 

XAL A» L Exchange A wiM L 0 1 1 7 1 O 1 1 1 1 

X A» IHLI Exchange A with the contents 
of RAM addressed by HL 

~ 0 7 0 1 0 1 t O 1 1 

XIS A»IHLI 
L » L + 1 
Skip if L = OH 

ExchangeAwith the contents 
of RAM addressetl by HL; 
increment L; skip if L = OH 

0 7 O 1 ~ O 1 0 1 1 1+S L=OH 

XDS A»IHL) 
L » L - 1 
Skip if L = FH 

ExchangeAwith the contents 
of RAM addressed by HL; 
decrement L; skip if L = FH 

0 1 0 1 0 1 0 O 1 7+S L=FH 

XADR address A» (D5.0) Exchange A with the contorts 
of RAM addressed by 6 bin of 
immediate data 

0 0 1 7 
0 0 D5 Dq 

1 
D3 

O 
Da 

O 
D7 

7 
Dp 

2 2 

ARITHMETIC AND LOGICAL 

RISC data A ~- A + D3.0 
Skip if overflow 

Add 4 bits of immediate data 
to A; Skip if Overflow is 
generated 

0 U 0 0 D3 DZ D7 DO 1 1 +S Overflow 

ASC A» A+ IH LI 
Skip if overflow 

Add the contents of RAM 
addressed by HL to A: skip if 
Overflow is generated 

0 1 1 1 1 1 O 1 1 1+ S Overflow 

ACSC A, C ~- A+ IHLI + C 
Skip if C = 1 

Add the contents of RAM 
addressed by HL arW the carry 
flag to A; skip if carry is 
generated 

0 1 1 1 1 1 O O 1 7+ S C= 1 

EXL A~-AuIHL) PerformaLOGICAL 
Exclusive—OR operation 
between the contents of 
RAM addressed by HL and 
A; store the result in A 

0 1 1 1 1 1 1 0 1 1 

ACCUMULATOR AND GRRY FLAG 

CMA A» A Complement A 0 1 1 

RC C •- 0 Reset Carry Flag 0 1 7 1 1 O O O 1 1 

SC C» 1 Set Carry Flag 0 1 1 1 1 O O 1 1 1 

INCREMENT AND DECREMENT 

ILS LPL+7 
Skip it L=OH 

Increment L; 
Skip if L=OH 

0 i 0 1 1 O 0 1 1 1+S L=OH 

I DRS address ID5.01 ~- (Dy.p) + 7 
Skip if IDra O) = OH 

Increment the contents of 
RAM addressed by 6 bits of 
immediate data; Skip if the 
contents = OH 

0 0 1 t 
0 0 D5 Dq 

7 
D3 

1 
DZ 

O 
D7 

1 
Dp 

2 2+ S IDy.01 = OH 

DLS L»L-t 
Skip if L = FH 

Decrement L; 
Skip if L= FH 

0 1 0 1 1 0 0 0 1 1+S L=FH 

DDRS address ID5..0) ~- (Drr O) - 1 
Skip if (Drs O) = FH 

Decrement the contents of 
RAM addressed by 6 bits of 
immediate data, skip if the 
contents = F H 

0 0 1 1 

0 0 D5 Dq 

1 

D3 

1 

DZ 

0 

D7 

0 

Dp 

2 2 + S (Drr O) = FH 

BIT MANIPULATION 

RMB date IH Llbit  r  O Reset a single bit (denoted by 
D7 D01 Of the RAM location 
addressed by HL to zero 

O 1 1 O 1 O O7 DO 1 1 

SMB date IH Llbit  ~- 1 Set a single bit (denoted by 
D7DO) of the RAM location 
addressed by HL to one 

0 1 7 0 1 1 D7 Dp 1 1 

JUMP CALL. AND RETURN 

JMP address PCg.p «- Dg.O Jump to the address specified 
by 10 bits of immediate data 

0 0 1 O 
D7 D6 D5 Dq 

O 
D3 

0 
DZ 

Og 
D7 

Dg 
DO 

2 2 

JAM tlata PCgB » Dt.p 
PCt-0 ~ A 
PCyp .- (HL) 

Jump to the address specified 
by 2 bits of immediate data, A 
and the RAM contents 
addressed by H L 

D 0 1 t 
0 0 0 1 

1 
0 

1 
0 

1 
D7 

1 
DO 

2 2 

JCP address PC5-0 ~ D5-0 Jump to the address specified 
by the higherorder bits PCg.B 
of the PC, and 6 bits of 
immediate data 

1 0 D5 D4 Og Dz O7 Dp 1 1 
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~t PD7520 

INSTRUCTION SET 
(CONY.) 

MNEMONIC FUNCTION DESCRIPTION 

INSTRUCTION CODE 

BYTES CYCLES 

SKIP 

CONDITION D7 I D6 ~ OS I Dq ~ D3 ~ D2 ~Dt I Dp 

CALL address STACK ~- PC + 2 
PCg-0'-  D9-0 

Store a return address (PC + 21 
in the stack; call the subroutine 
program at the location speci-
fied by 10 bits of immediate 
data 

0 0 7 1 0 0 Dg Dg 
D7 Dg DS Dq~ D3 D2 D1 Dp 

2 2 

CAL address STACK •- PC + 1 
PCg-p ~ Ot OgD3 

OOOD2D1 Dp 

Store a return address (PC + 11 
in the stack; call the subrtutine 
program at one of the 32 spr 
cial locations specified by 5 
biK of immediate data 

1 1 1 Oq D3 D2 D7 Dp 1 1 

RT PC ~- STACK Return from Subroutine 0 1 0 1 0 0 1 1 1 1 

RTS PC ~-- STACK 
Skip unconditionally 

Return from Subroutine; skip 
unconditionally 

0 1 0 1 1 0 1 1 1 1+ S Unconditional 

SKIP 

SKC Skip if C= 1 Skip if carry flag is true 0 1 0 1 1 0 1 0 i 1+ S C= 1 

SKMBT data Skip if IHllbit = i Skip if the single bit (denoted 
by O7 Dp) of the RAM loca-
tion addressed by HL is true 

0 1 1 0 0 1 Di Dp 1 t +S IHllbit = 1 

SKMBF data Skip it IH L)bit = 0 Skip if the single bit (denoted 
by D7Op) of the RAM loca-
tion addressed by H L is false 

0 1 1 0 0 0 O7 Dp 1 1 + S (HLlbit = 0 

SKABT data Skip if Abit = i Skip it the single bit (denoted 
by Df Op) of A is true 

0 1 1 1 0 1 D7 DO 1 1 + S Abit = t 

SKAEI data Skip if A =data Skip if A equals 4 bits of 
immediate data 

0 0 1 1 1 1 1 t 
0 1 7 0 D3 D2 D7 Op 2 2* S A =data 

SKAEM Skip it A= IHL) Skip ii A equals the RAM con- 
tents addressed by HL 

0 1 0 1 1 1 1 1 1 1+ S A= IHLI 

PARALLEL I/O 

IPL A~-PIL) Input the Port addressed 
by L to A 

0 1 1 1 0 0 0 0 1 1 

IP1 A ~P7 fnput Port 1 to A 0 1 7 1 0 0 0 1 1 1 

OPL PILI ~- A Output A to the port 
addressed by L 

0 1 1 1 0 0 1 0 1 1 

OP3 P3 ~ At.p Output the lower 2 bits of A 
to Port 3 

0 1 1 1 0 0 1 1 1 1 

CPU CONTROL 

NOP Perform no operation; con- 
sums one machine cycle 

0 0 0 0 0 0 0 0 7 1 

ABSOLUTE MAXIMUM 
RATINGS* 

Operating Temperature   -10° to +70°C 

Storage Temperature   - 40° to +125°C 
Supply Voltage   - 15 to +0.3 Volts 

Input Voltage   - 15 to +0.3 Volts 

Output Voltage   -15 to +0.3 Volts 

Output Current IIOH Total)   -100 mA 
(IOC Total)   90 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25°C 
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A 

.z.=_~_....._. 

~- .~-, ~-. r ~ 

F~~ 

- _ -_- _= 
n.r~~~ n r, r, 

0° - 1 5°

PLASTIC 

I ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX. 

B 2.49 0.098 

C 2.54 0.10 

D 0.5'_0.1 0.02 0.004 

E 33.02 1.3 

F 1.5 0.059 

G 2.54 MIN. 0.10 MIN. 

H 0.5 MIN. 0.02 MIN. 

I 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 0.6 

L 13.2 0.52 

M 
0.25{0.05 

0.0100.004 

PACKAGE OUTLINE 
µPD7520C 

7520DS-10-80-CAT 
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NEC Microcomputers, Inc. 

DESCRIPTION 

FEATURES 

~~ 
4-BIT MICROPROCESSOR 
~PD750X EVALUATION CHIP 

~~c 
µ~ PD7500 

~~ WIl _ 1iJ.;11W ll 

The µPD7500 is a µCOM-75 4~7it microprocessor with a 256 x 4 RAM, a programmable 8-bit 
timer/event counter, and 5 vectored, prioritized interrupts. It is capable of addressing 8,192 bytes 
of external memory, and also functions as the prototype Evaluation Chip for the µPD750X family 
of 4~it single chip microcomputers. The µPD7500 is manufactured with aloes-powerconsumption 
CMOS process, allowing use of a single power supply between 2.7 and 5.5V, and providing pro-
grammable powerdown capability. It has 46 I/O lines, organized into eight 4'bit parallel ports, 
one 14-bit parallel address/instruction port, and one 8bit serial port. The µPD7500 executes 102 
instructions of the µCOM-75 instruction set, and it is available in a 64 pin quad-in-line package. 

• 4-Bit Microprocessor 
• Evaluation Chip for µPD750X Family of 4-Bit Single Chip Microcomputers 
• Addresses up to 8,192 Bytes of External Memory 
• 256 x 4 Bit RAM 
• 10µs Instruction Cycle Time 
• 102 Powerful Instructions 

— Table Look-uD Capability with LHLT and LAMTL instructions 
— Indirect indexed addressing with CALT instruction 

• RAM Stack 
• Extensive I/O Capability 

— One 4-Bit Input Port 
— Two 4-Bit Output Ports 
— Four 4-Bit I/O Ports, of which two are 8-Bit Byte Accessible 
— One 4-Bit I/O Port with Output Strobe 
— One 14-Bit Address/Instruction Port 
— One 8-Bit Serial I/O Port 

• Programmable 8-Bit Timer/Event Counter with Crystal Clock Generator 
• Vectored, Prioritized Interrupts 

— 3 External 

— 2 Internal (Timer and Serial I/OI 
• Programmable Power-Down Operation with HALT and STOP Instructions 
• Built•In System Clock Generator 
• Built-In Reset Circuitry 
• Single Power Supply, Variable from 2.7V to 5.5V 
• CMOS LSI 
• 64-Pin Quad-In-Line Package 

PIN CONFIGURATION xt C 1 
2 
3 
4 
5 

64 
63 
62 
61 
60 

VSS 
~, xz L 

TEST C 
BU57 

BUSp 

eusg I 
Busy C 

f--

1 BU55 

eusa 
~1 

6 59 eusto 
eustl C 
8U512 C'_ 

BU53 

Busz 
~, 

7 58 

$ 57 
BU513 C 

Pao — 

BU57 

BUSp 

—~  Pi3 
9 56 

10 55 f 
Po t C 
Paz 

P12 

Ptt 
11 54 
12 53 t—~ 

Pao C 
~ 

Pt o13 52 
Pso C 14 51 ~~ TS B 

Pst C 
Ps2 

15 µ 
Pp

50 ~ CSOUT 

LCD CL 16 7500 49 C 
Psa C 
P60 

PSEN 

Pzo/siB 
17 48 
18 47 C 

P61 C 
v62 

~ P2t/PTOUT 19 46 
20 45 ~— 

Pfia C 
Pzo

IP 

P23 
P03/51 

21 44 
43 C.22 

P7t C 
P7z

1 

Poz/so 23 42 
24 41 f--

P7a C 
~ Pot/s~K 

voo 25 40 
26 39  Irvrt C 

INTO C' 
t--

1 NC 
ALE 27 38 

28 37  INrz
RESET C 

1 DOUT 
P33 29 36 

cLz f— 30 35  ! P32 

cy C Pal31 34 
voD C 32 33 Pap 

PIN NAMES 

BUSp-BUSt3 Atldnu/Inpruction Buf 

Pop Input Port Op 

POt/SDK Input Port Ot/SarielG«k 

P02/SO Input Pon 02/Serial Output 

P03/51 Input Port 03/Serial Input 

Pip-P13 Input/Output Pan 1 

P2p/STB GUIDut Pon 2y/Port 1 Strobe Output 

P2t/PTOUT Dutput Pon 2t/Timor Output 

P2p-023 Output Port 2 

P3pP33 Output Port a 

P/0-P03 Input/Output Port 4 

P5p~P63 Input/Output Port 5 

PfipA83 Input/Output Pen 6 

V70-P73 Input/Output Pon 7 

INTO Inbrrupt Input 0 

INTt Intbrupt lnputl 

INTp Interrupt Input 2 

CLt, CLy SYeNm Clack Input, Output 

xt, xz ml cloak lawt, outwt 
ALE Atltlr•ee LATCN ENABLE 

csouT cnip sa«t oatwt 
6'SOT 
Lco cL Lco cloak oaropt 
PSEN Proprem Stpn ENABLE 

~ Strops 1 

RESET R•rt 

Vpp Power Bupp1Y Positive 

VBg Grpuntl 

ASR F«tory TM Pin 

NC No Connection 
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µPD7500 

~ ~ 
.l o,~., ,j., 

r 

!o issaE!E.~,~, 

~ } ; 
BLOCK DIAGRAM 

 ~ PACKAGE OUTLINE 
 ~_  .I µPD75006 

, i 

Ceramic 

~~ nr 1 

ITEM MILLIMETERS INCHES 

A 41.5 1.634 MAX 

B 1.05 0.042 

C 2.54 0.1 

D 0.5±0.1 0.2 0.004 

E 39.4 1.55 
F 1.27 0.05 
G 5.4 MIN 0.21 MIN 
I 2.35 MAX 0.13 MAX 
J 24.13 0.95 

K 19.05 0.75 

L 15.9 0.626 
M 0.25 * 0.05 0.01 '_ 0.002 

~~1r 

_~_ '~' 

E 

l 

L 

f~ 
:—L 

t 

-r 
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NEC Microcomputers, Inc. 
NBC 

N,PD7800 

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
ROM-LESS DEVELOPMENT DEVICE 

DESCRIPTION The NEC µPD7800 is an advanced 8-bit general purpose single-chip microcomputer 
fabricated with N-channel Silicon Gate MOS Technology. Intended as a ROM-less 
development device for NEC µPD7801/7802 designs, the µPD7800 can also be used 
as a powerful microprocessor in volume production enabling program memory flexi-
bility. Basic on-chip functional blocks include 128 bytes of RAM data memory, 8-bit 
ALU, 32 I/O lines, Serial I/O port, and 12-bit timer. Fully compatible with the 
industry standard 8080A bus structure, expanded system operation can be easily 
implemented using any of 8080A/8085A peripheral and memory products. Total 
memory address space is 64K bytes. 

FEATURES NMOS Silicon Gate Technology Requiring Single+5V Supply. 
• Single-Chip Microcomputer with On-Chip ALU, RAM and I/O 

— 128 Bytes RAM 
— 32 I/O Lines 

• Internal 12-Bit Programmable Timer 
• On-Chip 1 MHz Serial Port 

Five-Level Vectored, Prioritized Interrupt Structure 
— Serial Port 
— Timer 
— 3 External Interrupts 

• Bus Expansion Capabilities 
— Fully 8080A Bus Compatible 
— 64K Byte Memory Address Range 

• Wait State Capability 
• Alternate Z80TM Type Register Set 

Powerful 140 Instruction Set 
• 8 Address Modes; Including Auto-Increment/Decrement 
• Multi-Level Stack~apabilities 
• Fast 2µs Cycle Time 
• Bus Sharing Capabilities 

PIN CONFIGURATION A Bpi 

XE

DB-

DB1 

DBE 

DB, 

DB, 

DB• 

DB 

081 

INT; 

INT 

INTI 

AW IL 

WA 

Pc, 
PCE
PCc 

Pce 
Pc~ 

~z 
~~ 
PCp 

sl 
so 

ER 3E4 
5T8 

x, 
Vgg IOvI 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
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ftPD7800 

PIN NO. DESIGNATION FUNCTION 

1, 49.63 ABp-A615 (Tri-State, Output) 16-bit address bus. 

2 EXT (Output) XE T is used to simulate µPD7801 /7802 
external memory reference operation. EXT distin-
guishes between internal and external memory 
references, and goes low when locations 4096 
through 65407 are accessed. 

3-10 DBp-DB7 (Tri-State Input/Output, active high) 8•bit true 
bi-directional data bus used for external data 
exchanges with I/O and memory. 

11 INTp (Input, active high) Level-sensitive interrupt input. 

12 INT1 (Input, active high) Rising-edge sensitive interrupt 
input. Interrupts are initiated on low-to-high transi-
tions, providing interrupts are enabled. 

13 INT2 (Input) INT2 is an edge sensitive interrupt input 
where the desired activation transition is pro-
grammable. By setting the ES bit in the Mask 
Register to a 1, INT2 is rising edge sensitive. When 
ES is set to 0, INT2 is falling edge sensitive. 

14 WAIT (Input, active low) WAIT, when active, extends 
read or write timing to interface with slower 
external memory or I/O. WAIT is sampled at 
the end of T2, if active processor enters a wait 
state TW and remains in that state as long as 
WAIT is active. 

15 M1 (Output, active high) when active, M1 indicates 
that the current machine cycle is an OP CODE 
FETCH. 

16 WR (Tri-State Output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or I/O write 
operations. WR goes to the high impedance state 
during HALT, HOLD, or RESET. 

17 RD (Tri-State Output, active low) ~R  is used as a 
strobe to ~,cate data from external devices on the 
data bus. RD goes to the high impedance state 
during HALT, HOLD, and RESET. 

18-25 PCp-PC7 (Input/Output) 8-bit 1/O configured as a nibble 
I/O port or as control lines. 

26 SCK (Input/Output) SCK provides control clocks for 
Serial Port Input/Output operations. Data on the 
SI line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked 
onto SO line on falling edges. 

27 SI (Input) Serial data is input to the processor 
through the SI line. Data is clocked into the Serial 
Register MSB to LSB with the rising edge of SCK. 

28 SO (Output) SO is the Serial Output Port. Serial data 
is output on this line on the falling edge of SCK, 
MSB to LSB. 

29 RESET (Input, active low) RESET initializes the µPD7801. 

30 STB (Output) Used to simulate µPD7801 Port E opera-
tion, indicating that a Port E operation is being 
performed when active. 

31 X1 (Input) Clock Input 

33-40 PAp-PA7 (Output) 8-bit output port with latch capability, 
41-48 PBp-P67 (Tri-State Input/Output) 8-bit programmable I/O 

port. Each line configurable independently as an 
input or output. 

PIN DESCRIPTION 
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/.cPD7800 
Architecturally consistent with µP07801/7802 devices, the µPD7800 uses a slightly 

different pin-out to accommodate for the address bus and lack of on-chip clock 
generatar. For complete µPD7800 functional operation, please refer to µPD7801 

product information. Listed below are functional differences that exist between 

µPD7800 and µPD7801 devices. 

µPD7800/7801 Functional Differences 

1. The functionality of µPD7801 Port E is somewhat different on the µPD7800. 
Because the µPD7800 contains no program memory, the address bus is made 
accessible to address external program memory. Thus, lines normally used for Port 
E operation with the µPD7801 are used as the address bus on the µPD7800. ABO-

A615 is active during memory access 0 through 4095. 

2. Consequently Port E instructions (PEX, PEN, and PER) have different 

functionality. 

PEX lnstruction —The contents of B and C register are output to the address bus. 

The value O1 H is output to the data bus. STB becornes active. 

PEN lnstruction — B and C register contents are output to the address bus. The 

value 02H is output to the data bus. STB becomes active. 

PER /nstruction —The address bus goes to the high impedance state. The value 
04H is output to the data bus. STB becomes active. 

3. ON-CHIP CLOCK GENERATOR. The µPD7800 contains no internal clock gener-
ator. An external clock source is input to the X1 input. 

4. PIN 30. This pin functions as the X2 crystal connection on the µPD7801. On the 

µPD780Q, pin 30 functions as a strobe output (STB) and becomes active when a 

Port E instruction is executed. This control signal is useful in simulating µPD7801 

Port Eoperation —indicating that a port E operation is being performed. 

5. PIN 2. Functions as the ~ out clock output used for synchronizing system external 
memory and I/O devices, on the µPD7801. On the µPD7800, this pin is used to 

simulate external memory reference operation of the µPD7801. EXT is used to 
distinguish between internal and external memory references and goes low when 
location 4096 through 65407 are accessed. 

RECOMMENDED CLOCK DRIVE CIRCUIT 

200 pF 

FUNCTIONAL DESCRIPTION 
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µ PD7800 

ABSOLUTE MAXIMUM Operating Temperature   -10°C to+70°C 
RATINGS Storage Temperature   -65°C to +125°C 

Voltage On Any Pin  -0.3V to +7.OV 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25°C 

DC CHARACTERISTICS Ta =-10~+70°c,v~~=+5.ov~lor 

PARAMETER SYMBOL 

LIMITS 

UNITS 
TEST 

CONDITIONS MIN TYP MAX 

Input Low Voltage VIL 0 0.8 V 

Input High Voltage 
VIH1 

- - 
2.0 

- - 
VCC 
-

V Except SCK, X1 

VIH2 3.8 VCC V SCK, X1 

Output Low Voltage VOL 0.45 V IOL = 2.0 mA 

Output High Voltage 
VOH1 2.4 V IpH = -100 µA 

-
VOH2 2.0 V IOH =-500 µA 

Low Level Input Leakage Current ILIL —10 µA VIN =0V 

High Level Input Leakage Current ILIH 10 µA VIN =VCC 

Low Level Output Leakage Current ILOL -10 µA VOUT = 0.45V 

High Level Output Leakage Current ILOH 10 µA VOUT = VCC 

VCC Power Supply Current ICC 110 200 mA 

CAPACITANCE Ta=25°C, VCC=GND=OV 

PARAMETER SYMBOL 

LIMITS 

UNITS 
TEST 

CONDITIONS MIN TYP MAX 

Input Capacitance CI 10 pF fc = 1 MHz 
All pins not 
under test at OV 

Output Capacitance CO 20 pF 

Input/Output Capacitance CIO 20 pF 
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Ta = —10 to +70° C, V CC = +5.0 V ± 10 

CLOCK TIMING 

PARAMETER SYMBOL 

LIMITS TEST 

CONDITIONS MIN MAX UNITS 

ROUT Cycle Time tCYX 454 2000 ns tCYX 

XOUT Low Level Width tXXL 212 ns tXXL 

XOUT High Level Width tXXH 212 ns tXXH 

READNVRITE OPERATION 

PARAMETER SYMBOL 

LIMITS 

UNITS 
TEST 

CONDITIONS MIN MAX 

RD L.E.—~ XOUT L.E. tRX 20 ns 

tCYX = 500 ns 

Address (PEO-151 —' Data 
Input 

tAD1 550 + 500 x N ns 

RD T.E. —~ Address tqq 2001T31; 7001T4) ns 

RD L.E. -> Data Input tRp 350 + 500 x N ns 

RD T.E. --~ Data Hold 
Time 

tRDH 0 ns 

DR  Low Level Width tRR 850 + 500 x N ns 

RD L.E. --~ WAIT L.E. tRyyT 450 ns 

Address (PEO-15) ~ 
WAIT L.E. 

tAWTi 650 ns 

WAIT Set Up Time 
(Referenced from 

ROUT L.E.) 

tyyTg 180 ns 

WAIT Hold Time 
(Referenced from 

ROUT L.E.) 

tyyTH 0 ns 

M1 -+A6LE. tMR 200 ns 

R~T.E. —~M1 tRM 200 ns 

IO/M —~FiLS L.E. tlR 200 ns 

R6 T.E.--~10/M tql 200 ns 

ROUT L.E. ~ WR L.E. tXyy 270 ns 

Address (PEO-151 " 

ROUT T.E. 
tAX 300 ns 

Address (PEO-15 ) —' 
Data Output 

tAD2 450 ns 

Data Output ~ WR 
T.E. 

tpyy 600 + 500 x N ns 

1r~ T.E. —~ Data 
Stabilization Time 

tyyp 150 ns 

Address (PEp-t 51 ~ 
WR L.E. 

tgyy 400 ns 

~1 R T.E. —~ Address 
Stabilization Time 

tyyq 200 ns 

WR Low Level Width tyyy~ 600 + 500 x N ns 

10/17(~ AiR L.E. tlyy 500 ns 

T,E. —~ 10/ail tyyl 250 ns 

AC CHARACTERISTICS 
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µ Po7aoo 

AC CHARACTERISTICS 
(CONY.) 

SERIAL IJO OPERATION 

PARAMETER SYMBOL MIN MAX UNIT CONDITION 

SCK Cycle Time tCYK 
800 ns SCK Input 

900 4000 ns SCK Output 

SCK Low Level Width tKKL 
350 ns SCK Input 
400 ns SCK Output 

SCK High Level Width tKKH 
350 ns SCK Input 
400 ns SCK Output 

SI Set-Up Time (referenced from SCK T.E.) tSIS 140 ns 

SI Hold Time (referenced from SCK T.E.) tSIH 260 ns 

SCK L.E. -+SO Delay Time tK0 180 ns 

SCTS High-+SCK L.E. tCSK 100 ns 

SCK T.E.-+SCSLow tKCS 100 ns 

SCK T.E. -~ SAK Low tKSA 260 ns 

PEN, PEX, PER OPERATION 

PARAMETER SYMBOL MIN MAX UNIT CONDITION 

X1 L.E.-'EXT tXE 250 ns 

tCYX = 500 ns 

Address (AB0.151 --~ STB L.E. tAST 200 

Data (DB0.7) -~ STB L.E. tDST 200 

STB Hold Time tSTST 300 

STB -~ Data tSTD 400 

HOLD OPERATION 

PARAMETER SYMBOL MIN MAX UNIT CONDITION 

HOLD Set-Up Time (referenced from 

XOUT L.E.1 
tHDS1 100 ns 

tHDS2 100 ns 

HOLD Hold Time (referenced from WOUT 
L.E.) 

tHDH 100 ns 

ROUT L.E.-~ HLDA tXHA 100 ns 

HLDA High -~ Bus Floating (High Z State) tHABF -150 150 ns 

HLDA Low-~ Bus Enable tHggE 350 ns 

Notes: 

Q1  AC Signal waveform lunless otherwise specified) 

2.4 

0.45 

2.0 MEASURING 2.0 

0.8 ~ POINTS ~ 0.8 

02 Output Timing is measured with 1 TTL + 200 pF measuring points are VOH = 2.OV 

Vpl=O.gV 

0 L.E. = Leading Edge, T.E. =Trailing Edge 

245 



N,PD7800 

tCYX DEPENDENT AC PARAMETERS 

PARAMETER EQUATION MIN/MAX UNIT 

tRX (1/25) T MIN ns 

tAD1 (3/2+NIT -  200 MAX ns 

tRq (T3) (1/2) T- 50 MIN ns 

tRA (Tq) (3/2) T- 50 MIN ns 

tRp (1 + N) T- 150 MAX ns 

tRR 12+N)T- 150 MIN ns 

tRWT (3/2) T - 300 MAX ns 

tAWT1 (2) T -  350 MAX ns 

tMR (1/2) T- 50 MIN ns 

tRM (1/2) T- 50 MIN ns 

tIR (1/2) T- 50 MIN ns 

tRl 11/2) T- 50 MIN ns 

tXy~ (27/50) T MAX ns 

tgp2 T- 50 MIN ns 

tpW (3/2+N)T- 150 MIN ns 

tWp 11/21 T- 100 MIN ns 

tqy~ T- 100 MIN ns 

tWA (1/2) T- 50 MIN ns 

tWW (3/2+NIT -  150 MIN ns 

tIW T MIN ns 

tWl (1/2) T MIN ns 

tHABE (1/2) T- 150 MAX ns 

LAST (2/5) T MIN ns 

tDST (2/5) T MIN ns 

tSTST 13/51 T MIN ns 

tSTD (4/5) T MIN ns 

Notes: Q N =Number of Wait States 

O T = tCYX 

Q Only above parameters are tCYX dependent 

® When a crystal frequency other than 4 MHz is used (tCyX = 500 ns) 
the above equations can be used to calculate AC parameter 

values. 

AC CHARACTERISTICS 

(CONY.) 
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TIMING WAVEFORMS CLOCK TIMING 
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PACKAGE OUTLINE 
µPD7800C 
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NEC Microcomputers, inc. 

PRODUCT DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

N>EC 
~ttPD7801 

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
WITH 4K ROM 

The NEC µPD7801 is an advanced 8~1it general purpose singlechip microcomputer fabricated with 
N•Channel Silicon Gate MOS technology. 

The NEC µPD7801 is intended to serve a broad spectrum of 8-bit designs ranging from enhanced 
single chip applicationsextendin9imo the multichip microprocessor range. All the basic functional 
blocks - 4096 x 8 of ROM program memory, 128 x 8 of RAM data memory, 8~lit ALU, 48 Ii0 
Tines, Serial I/O port, 12-bit timer, and clock generator are provided onchip to enhance stand-alone 
applications. Fully compatible with the industry standard 8080A bus structure expanded system 
operation can be easily implemented using any of the SOSO A78085A peripherals and memory 
products. Total memory space can be increased to 64K bytes. 

The powerful 140 instruction set coupled with 4K bytes of ROM program memory and 128 bytes 
of RAM data memory greatly extends the range of single chip microcomputer applications. Five 
level vectored interrupt capability combined with a 2 microsecond cycle time enable the µPD7801 
to compete with multichip microprocessor systems with the advantage that most of the support 
functions are onchip. 

• NMOS Silicon GateTechnology Requiring +5V Supply 
• Complete Single-Chip Microcomputer with On-Chip ROM, RAM and I!O 

- 4K -Bytes ROM 
- 128 Bytes RAM 
- 48 I/O Lines 

• Internal 12-Bit Programmable Timer 
• On-Chip 1 MHz Serial Port 
• Five Level Vectored, Prioritized Interrupt Structure 

- Serial Port 
- Timer 
- 3 External Irit errupts 

• Bus Expansion Capabilities 
- Fully $080A Bus Compatible 
~- 60K Bytes External Memory Atldress Range 

• On-Chip Clock Generator 
• Wait State Capability 
• Alternate Z80TM Type Register Set 
• Powerful 140 Instruction Set 
• 8 Address Modes; Including Auto-Increment/Decrement 
• Multi-Level Stack Capabilities 
• Fast 2µs Cycle Time 
• Bus Sharing Capabilities 

PE15 
40UT 
D87 
DB6 
DB5 
DBq 
D83 
DB2 
D61 
DBO 

INT2 
INT1 
INTO 

WAIT 
MI 
WR 
~o 
PC7 
PCg 
PC5 
PCq 
PC3 
PC2 
PC7 
PCO 
~.` K 

SI 
Sp 

R~  T 
X2 
Xi 

VSSIOV) 

64 '] VCC (+5V) 
2 
3 
4 
5 
6 

63=PEIq 
627 
61 
60 
59 

PE13 
~PE12 
] PE11 
~ PEtp 

7 58] PEg 
8 57 ~ PEg 
9 56 ] PE7 
10 55 APES 
11 54 ~ PE5 
12 53 ~PEq 
13 52 ] PE3 
14 51 ~ PEg 
15 µPD 50 ~ PE1 
16 
17 7801 

49 
48 

= PEO 
] P87 

16 47 =PBg 
19 46 ] P85 
20 45 ~PBq 
21 44 ] P63 
22 43 = P62 
23 42 ] PBt 
24 41 ~PBp 
25 40 ] PA7 
26 39 ~PA6 
27 38 ] PA5 
28 37 =PAq 
29 36 ] PA3 
30 35 ~PA2 
31 34 = PA1 
32 33 ~PAp 
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µPD78O1 

PIN NO. DESIGNATION FUNCTION 

1, 49-63 ABp-A815 (Tri-State, Output) i6-bit address bus. 

2 EXT (Output) EX is used to simulate µPD7801/7802 
external memory reference operation. EXT distin-
guishes between internal and external memory 
references, and goes low when locations 4096 
through 65407 are accessed. 

3-10 DBO-D67 (Tri-State Input/Output, active high) 8•bit true 
bi-directional data bus used for external data 
exchanges with I/O and memory. 

11 INTO (Input, active high) Level-sensitive interrupt input. 

12 INT1 (Input, active high) Rising-edge sensitive interrupt 
input. Interrupts are initiated on low-to-high transi-
tions, providing interrupts are enabled. 

13 INT2 (Input) INT2 is an edge sensitive interrupt input 
where the desired activation transition is pro-
grammable. By setting the ES bit in the Mask 
Register to a i, INT2 is rising edge sensitive. When 
ES is set to 0, INT2 is falling edge sensitive. 

14 WAIT (Input, active low) WAIT, when active, extends 
read or write timing to interface with slower 
external memory or I/O. WAIT is sampled at 
the end of T2, if active processor enters a wait 
state TW and remains in that state as long as 
WAIT is active. 

15 M1 (Output, active high) when active, M1 indicates 
that the current machine cycle is an OP CODE 
FETCH. 

16 WR (Tri-State Output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or I/O write 
operations. WR goes to the high impedance state 
during HALT, HOLD, or RESET. 

17 RD (Tri-State Output, active low) ~ is used as a 
strobe to ~,cate data from external devices onto the 
data bus. RD goes to the high impedance state 
during HALT, HOLD, and RESET. 

18-25 PCO-PC7 (Input/Gutput) 8-bit I/O configured as a nibble 
I/O port or as control lines. 

26 SCK (Input/Output) SCK provides control clocks for 
Serial Port Input/Output operations. Data on the 
SI line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked 
onto SO line on falling edges. 

27 SI (Input) Serial data is input to the processor 
through the SI line. Data is clocked into the Serial 
Register MSB to LSB with the rising edge of SCK. 

28 SO (Output) SO is the Serial Output Port. Serial data 
is output on this line on the falling edge of SCK, 
MSB to LSB. 

29 RESET (Input, active low) RESET initializes the µPD7801. 

30 STB (Output) Used to simulate µPD7801 Port E opera-
tion, indicating that a Port E operation is being 
performed when active. 

31 X1 (Input) Clock Input 

33-40 PAO-PA7 (Output) 8-bit output port with latch capability. 

41-48 PBO-P87 (Tri-State Input/Output) 8-bit programmable I/O 
port. Each line configurable independently as an 
input or output. 

PIN DESCRIPTION 
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BLOCK DIAGRAM 

*oo 

ono 

*: o 

v 

FUNCTIONAL Memory Map 
DESCRIPTION 

s 
~„~•~,,, 

The µPD7801 can directly address up to 64K bytes of memory. Except for the on-chip 
ROM (0-4095) and RAM (65,408-65,535), any memory location can be used as either 
ROM or RAM. The following memory map defines the 0-64K byte memory space for 
the µPD7801 showing that the Reset Start Address, I nterrupt Start Address, Call 
Tables, etc., are located in the internal ROM area. 

0 

4095 

6096 

65 407 

INTERNAL 

ROM 

10-00951 

65,409 

65.535 

EXTERNAL 

MEMORY 

61 312 z 8 

INTERNAL 

RAM 

128 

129 

730 

131 
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1/0 Ports 

PORT FUNCTIONS 

Port A 

Port B 

Port C 

Port E 

8•bit output port with latch 

8-bit programmable Input/Output port w/latch 

8-bit nibble I/O or Control port 

16-bit Address/Output Port 

Port A 

Port A is an 8-bit latched output port. Data can be readily transferred between the 
accumulator and the output latch buffers. The contents of the output latches can be 
modified using Arithmetic and logic instructions. Data remains latched at Port A unless 
acted on by another Port A instruction or a RESET is issued. 

Port B 

Port B is an 8-bit I/O port. Data is latched at Port B in both the Input or Output modes. 

Each bit of Port B can be independently set to either Input or Output modes. The 

Mode B register programs the individual lines of Port B to be either an Input 

(Mode Bn = 1) or an Output (Mode Bn = 01' 

Port C 

Port C is an 8-bit I/O port. The Mode C register is used to program the upper 6 bits of 
Port C to provide control functions or to set the IIO structure per the following table. 

MODE Cn = 0 MODE C~ = 1 

PCO Output Input 

PC1 Output Input 

PC2 SCS Input Input 

PC3 SAK Output Output 

PCq To Output Output 

PC5 10/M Output Output 

PCg HLDA Output Output 

PC7 HOLD Input Input 

Port E 

Port E is a 16-bit address bus/output port. It can be set to one of three operating modes 

using the PER, PEN, or PEX instructions. 

• 16-Bit Address Bus —the Per instruction sets this mode for use with external I/O or 

memory expansion (up to 60K bytes, externally 1. 

• 4-Bit Output Port/12 Bit Address Bus —the PEN instruction sets this mode which 

allows for memory expansion of up to 4K bytes, externally, plus the transfer of 4-bit 

nibbles. 

FUNCTIONAL 
DESCRIPTION 

(CONY.) 

• 16-Bit Output Port —the PEX instruction sets Port E to a 16-bit output port. The con-

tents of B and C registers appear on PE8-15 and PE0-7, respectively. 
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µPD7801 
FUNCTIONAL Timer Operation 
DESCRIPTION 

(CONY.) 

PRE-
SCALER 

[Q µ5i 

f 

a 
12 BIT DOWN COUNTER 

  STM 

TIMER 
F/F 

BORROW 

TIMER ~ RIG 0 
TIMER 
REG t 

TIMEfi BLOCK DIAGRAM 

INTERNAL BUS 

r0 TO 

A programmable 12-bit timer is provided on-chip for measuring time intervals, generat-
ing pulses, and general time•related control functions. It is capable of measuring time 
intervals from 4µs to 16µs in duration. The timer consists of a prescaler which 
decrements a 12-bit counter at a fixed 4µs rate. Count pulses are loaded into the 
12-bit down counter through timer register (TMO and TM1). Count-down operation is 
initiated upon extension of the STM instruction when the contents of the down 
counter are fully decremented and a borrow operation occurs, an interval interrupt 
(INTT) is generated. At the same time, the contents of TMO and TM1 are reloaded 
into the down-counter and countdown operation is resumed. Count operation may be 
restarted or initialized with the STM instruction. The duration of the timeout may be 
altered by loading new contents into the down counter. 

The timer flip flop is set by the STM instruction and reset on a countdown operation. 
Its output (T01 is available externally and may be used in a single pulae mode or general 
external synchronization. 

Timer interrupt (INTT) may be disabled through the interrupt. 

Serial Port Operation 

SERIAL PORT BLOCK DIAGRAM 
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The on-chip serial port provides basic synchronous serial communication functions 
allowing the NEC µPD7801 to serially interface with external devices. 

Serial Transfers are synchronized with either the internal clock or an external clock 
input (SCK). The transfer rate is fixed at 1 Mbit/second if the internal clock is used 
or is variable between DC and 1 Mbit/second when an external clock is used. The 
Clock Source Select is determined by the Mode C register. The serial clock (internal 
or external SCZI 1 is enabled when the Serial Chip Select Signal (SCSI goes low. At this 
time receive and transmit operations through the Serial Input port (SI)/Serial Output 
port ISOI are enabled. Receive and transmit operations are performed MSB first. 

Serial Acknowledge (SAKI goes high when data transfers between the accumulator 

and Serial Register is completed. SAK goes low when the buffer becomes full after 

the completion of serial data receive or transmit operations. While SAK is low, no 
further data can be received. 

Interrupt Structure 

The µPD7801 provides a maskable interrupt structure capable of handling vectored 
prioritized interrupts. Interrupts can be generated from six different sources; three 
external interrupts, two internal interrupts, and non-maskable software interrupt. 
Each interrupt when activated branches to a designated memory vector location 
for that interrupt. 

INT 
VECTORED MEMORY 

LOCATION PRIORITY TYPE 

I NTT 8 3 I nternal, Timer 
Overflow 

INTS 64 6 Internal, Serial 
Buffer Fufl/Empty 

INTO 4 2 Ext., level sensitive 

INT1 16 4 Ext., Rising edge 
sensitive 

INT2 32 5 Ext., Rising/Falling 
edge sensitive 

SOFTI 96 1 Software Interrupt 

FUNCTIONAL 
DESCRIPTION 
(CONY.) 

256 



ftPD7801 

FUNCTIONAL 
DESCRIPTION 

(CONY.) 

RESET (Reset) 

An active low-signal on this input for more than 4µs forces the µPD7801 

into a Reset condition. RESET affects the following internal functions: 

• The Interrupt Enable Flags are reset, and Interrupts are inhibited. 
• The Interrupt Request Flay is reset. 
• The HALT flip flop is reset, and the Halt-state is released. 
• The contents of the MODE B register are set to FFH, and Port B 

becomes an input port. 
• The contents of the MODE C register are set to FFH. Port C becomes 

an I/O port and output lines go low. 
• All Flags are reset to 0. 
• The internal COUNT register for timer operation is set to FFFH and the 

timer F/F is reset. 
• The ACK F/F is set. 
• The HLDA F/F is reset. 
• The contents of the Program Counter are set to OOOOH. 
• The Address Bus (PEO-151. Data Bus (DBO-7), RD, and WR go to 

a high impedance state. 

Once the RESET input goes high, the program is started at location OOOOH. 

REGISTERS The µPD7801 contains sixteen 8-bit registers and two 16-bit registers. 

0 15 

pC 

SP 

d 70 7, 

Main 

V A 

B C 

D E 

H L 

V' A' 

B` C' 

D' E' 

H' L' 

Alternate 

General Purpose Registers IB, C, D, E, H, L) 

There are two sets of general purpose registers (Main: B, C, D, E, H, L: 
Alternate: B', C', D', H', L'1. TheY can function as auxiliary registers to the 
accumulator or in pairs as data pointers IBC, DE, HL, B'C', D'E', H'L'). Auto Incre-
ment and Decrement addressing mode capabilities extend the uses for the DE, HL, 
D'E', and H'L' register-pairs. The contents of the BC, DE, and HL register-pairs 
can be exchanged with their Alternate Register counterparts using the EXX 
instruction. 
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Vector Register IV1 

When defining a scratch pad area in the memory space, the upper 8-bit memory 
address is defined in the V-register and the lower 8-bits is defined by the immediate 
data of an instruction. Also the scratch pad indicated by the V-register can be used 
as 256 x 8-bii working registers for storing software flags, parameters and counters. 

Accumulator IA► 

All data transfers between the µPD7801 and external memory or I/O are done through 
the accumulator. The contents of the Accumulator and Vector Registers can be 
exchanged with their Alternate Registers using the EX instruction. 

Program Counter (PC) 

The PC is a 16-bit register containing the address of the next instruction to be 
fetched. Under normal program flow, the PC is automatically incremented. However, 
in the case of a branch instruction, the PC contents are from another register or 
an instruction's immediate data. A reset sets the PC to OOOOH. 

Stack Pointer(SP) 

The stack pointer is a 16-bit register used to maintain the top of the stack area (last-
in-first-outl. The contents of the SP are decremented during a CALL or PUSH 
instruction or if an interrupt occurs. The SP is incremented during a RETURN or 
POP instruction. 

Register Addressing 

Register Indirect Addressing 

Auto-Increment Addressing 

Auto-Decrement Addressing 

Register Addressing 

I OPCODE

Working Register Addressing 

Direct Addressing 

Immediate Addressing 

Immediate Extended Addressing 

  OPERAND 

The instruction opcode specifies a register r which contains the operand. 

Register Indirect Addressing 

p memory 

OPCODEI iADDRESS OPERAND 

The instruction opcode specifies a register pair which contains the memory address 
of the operand. Mnemonics with an X suffix are ending this address mode. 

Auto-Increment Addressing 

OPCODE 

p memory 

ADDRESS 

  +1 

OPERAND 

The opcode specifies a register pair which contains the memory address of the 
operand. The contents of the register pair is automatically incremented to point to 
a new operand. This mode provides automatic sequential stepping when working with 
a table. of operands. 

FUNCTIONAL 
DESCRIPTION (CONY.) 

ADDRESS MODES 
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ADDRESS MODES (CONY.) Auto-Decrement Addressing 

OPCODE 

Working Register Addressing 

PC 

PC+1 

OPCODE 

r memory 

displacement 

15 

V Register 
Contents 

8 7 

OPERAND 

memory 

OPERAND 

The contents of the register is linked with the byte following the opcode to form a 
w 

memory address whose contents is the operand. The V register is used to indicate 
the memory page. This address mode is useful as ashort-offset address mode when 
working with operands in a common memory page where only 1 additional byte 
is required for the address. Mnemonics with a W suffix ending this address mode. 

Direct Addressing 

PC OPCODE 

PC + 1 Low Address 

PC + 2 High Address 

operand 

1 byte 

Memory 

Low Operand 

High Operand 

2 byte 

The two bytes following the opcode specify an address of a location containing the 
operand. 

Immediate Addressing 

PC 

PC + 1 

Immediate Extended Addressing 

PC 

PC + 1 

PC+2 

OPCODE 

OPERAND 

OPCODE 

Low Operand 

High Operand 
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Operand Description 

OPERAND DESCRIPTION 

r 

rt 

r2 

V, A, B, C, D, E, H, L 

B, C, D, E, H, L 

A, B, C 

sr 

sr1 

sr2 

PA PB PC MK MB MC TMO TM1 S 

PA PB PC MK S 

PA PB PC MK 

rp 

rpl 

SP, B, D, H 

V, B, D, H 

rpa 

rpal 

wa 

B, D, H, D+, H+, D-, H-

B, D, H 

8 bit immediate data 

word 

byte 

bit 

16 bit immediate data 

8 bit immediate data 

3 bit immediate data 

f F0, F1, F2; FT, FS, 

Notes: 1. When special register operands sr, sr1, sr2 are used; PA=PorS A, PB=Port B, 
PC=Port C, MK=Mask Register, M6=Mode B Register, MC=Mode C 
Register,TMO=Timer RegisterO,TMt=Timer Register 1, S=Serial Register. 

2. When register pair operands rp, rp1 are used; SP=Stack Pointer, B=BC, 
D=D E, H=H L, V=VA. 

3. Operands rPa, rPa 1, wa are used in indirect addressing and auto-increment/ 
auto-decrement addressing modes. 
B=(BC1, D=(DE1, H=(HU 
D+=IDEI+, H+=(HL)+, D-=(DEI- , H-=IHL)- . 

4. When the interrupt operand f is used; FO=INTFO, F1=INTFt, F2=INTF2, 
FT=INTFT, FS=INTFS. 

INSTRUCTION SET 
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INSTRUCTION GROUPS 

MNEMONIC OPERANDS 
NO. 

BYTES 
CLOCK 

CYCLES OPERATION 
SKIP 

CONDITION 

FLAGS 

CV Z 

8-BIT DATA TRANSFER 

MOV r1,A 1 4 r1 «-A 

MOV A, ri i 4 A ~ ri 

MOV sr, A 2 10 sr ~- A 

MOV A, sri 2 10 A ~- sri 

MOV r, word 4 17 r ~ (wordl 

MOV word, r 4 17 (word) ~ r 

MVI r, byte 2 7 r —byte 

MVIW wa, byte 3 13 (V, wal~bVte 

MVIX rpai, byte 2 10 (rpail ~-byte 

STAW wa 2 10 IV, waI~A 

LDAW wa 2 10 A ~ (V, wal 

STAR rpa 1 7 (rpa) ~ A 

LDAX rpa 1 7 A ~ (rpa) 

EXX 1 4 Exchange register sets 

EX 1 4 V,A»V,A 

BLOCK i 13 IC+11 IDEI+~IHL)+,C~-C-1 

16•BIT DATA TRANSFER 

SBCD word 4 20 (word) ~ C, (word + 11 ~ B 

SDED word 4 20 (word) ~- E, (word + 1 I ~- D 

SHLD word 4 20 (word) ~ L, (word + 11 ~ H 

SSPD word 4 20 (wordl•-SPL, Iword+l)«-SPH 

LBCD word 4 20 C ~ (wordl, B ~- (word + 1) 

LDED word 4 20 E «- (word 1, O ~- (word + 1 ) 

LHLD word 4 20 L ~- (word), H .- (word + 1 ) 

LSPD word 4 20 SPL «- Iwordl, SPH ~- (word + 1 

PUSH rP1 2 17 (SP - 1 I ~- rP1 H, ISP - 21 ~- rp1 L 

POP rp1 2 15 
rPi L ~- (SP) 
rP 1 H .- (SP + 11, SP ~ SP + 2 

LXI rp, word 3 10 rp.-ward 

TABLE 1 19 C'-IPC+2+AI 
B~-IPC+2+A+11 
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INSTRUCTION GROUPS (CONY.) 

MNEMONIC OPERANDS 
NO. 

BYTES 
CLOCK 
CYCLES OPERATION 

SKIP 
CONDITION 

FLAGS 

CV Z 

ARITHMETIC 

ADD A,r 2 8 A—A+r I I 

ADD r,q 2 8 r~r+A I I 

ADDX rPa 2 11 A ~- A+ Irpal I I 

ADC A,r 2 8 AAA+r+CY 2 I 

ADC r,A 2 8 r.-r+q+CY I 2 

ADCX rPa 2 11 A ~ A + (rpa) + CY I I 

SUB A,r 2 B A«.A-r I I 

SUB r,A 2 8 r. -r -A 2 a 

SUBX rpa 2 11 A ~- A - Irpal 2 

SBB A, r 2 8 A~-A-r-CY I I 

S86 r,A 2 8 r«.r-A-CV I 

SBBX rpa 2 11 A ~- A - (rpa) - CV I i 

ADDNC A, r 2 8 A «- A+ r No Carry I 2 

ADDNC r, A 2 8 r~ r+ A No Carry I I 

ADDNCX rpa 2 11 A ~ A + (rpa) No Carry 2 2 

SUBNB A, r 2 8 A ~- A- r No Borrow S I 

SUBNB r, A 2 8 r~ r- A No Borrow 2 2 

SUBNBX rpa 2 11 A ~ A - (rpa) No Borrow I i 

LOGICAL 

ANA A,r 2 8 A ~-Anr 

ANA r, A 2 8 r—rnA 

ANAX rpa 2 A ~- A nlrpa) 

ORA A,r 2 8 A ~-AVr 

ORA r, A 2 r~rvA 

ORAX rpa 2 A~Avlrpa) 

XRA A,r 2 8 A~ALr 

XRA r, A z s A~ruA 

XRAX rpa Z A •- A 1f (rpa) 

GTA A,r 2 8 A-r-1 No Borrow 
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INSTRUCTION GROUPS (CONY.) 

SKIP 
FLAGS 

MNEMONIC OPERANDS 
NO. 

BYTES 
CLOCK 

CYCLES OPERATION CONDITION CV 2 

LOGICAL (CONY.) 

GTAX rpa 2 11 A - (rpa) - 1 No Borrow I I 

LTA A, r 2 8 A- r Borrow I I 

LTA r, A 2 8 r- A Borrow i I 

LTAX rpa 2 11 A - (rpa) Borrow I i 

ONA A, r 2 8 Anr No Zero I 

ONAX rPa 2 11 A n (rPa) No Zero f 

OFFA A, r 2 6 Anr Zero 2 

OFFAX rpa ~ 2 11 A n Irpal Zero I 

NEA A, r 2 8 A- r No Zero I I 

NEA r, A 2 8 r- A No Zero I I 

NEAR rpa 2 11 A - (rpal No Zero I I 

EQA A, r 2 8 A- r Zera I I 

EQA r, A 2 8 r- A Zero i I 

EQAX rPa 2 11 A - (rpa) Zero I I 

IMMEDIATE DATA TRANSFER (ACCUMULATOR) 

XR I A, byte 2 7 A ~- A ~F byte I 

ADINC A, byte 2 7 A ~- A +byte No Carry 2 I 

SUINB A, byte 2 7 A~-A-byte No Borrow I I 

ADI A, byte 2 7 A A A +byte I I 

ACI A, byte 2 7 A A A +byte + CY 2 i 

SU I A, byte 2 7 A A A -byte I I 

SBI A, byte 2 7 A ~- A -byte - CV I I 

AN I A, byte 2 7 A ~- A n byte I 

OR I A, byte 2 7 A ~- A V byte ~ I 

GTI A, byte 2 7 A -byte - 1 No Borrow I I 

LTi A, byte 2 7 A -byte Borrow 2 I 

ONI A, byte 2 7 An byte No Zero I 

OFF( A, byte 2 7 An byte Zero 2 

NEI A, byte 2 7 A -byte No Zero I i 

EOI A, byte 2 7 A -byte Zero 2 I 
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INSTRUCTION GROUPS (CONY.) 

MNEMONIC OPERANDS 

NO. 

BYTES 

CLOCK 

CYCLES OPERATION 
SKIP 

CONDITION 

FLAGS 

CV Z 

IMMEDIATE DATA TRANSFER 

XR I r, byte 3 11 r ~ r ~t byte 2

ADINC r, byre 3 11 r~r+byte NoCarry I I 

SUING r, byte 3 ?1 r -byte No Borrow 2 S 

ADI r, byte 3 11 . .-r+byte I = 

qCl r, byte 3 11 r.-r+byte+CY = I 

SU I r, byte 3 i t r~ r -byte + I 

SBI r, byte 3 f1 •-r-byte-CV I 2 

ANI r, byte 3 11 r•-rnbyte 2 

ORJ r, byte 3 11 r •- r v byte 

GTI r, byte 3 71 r -byte - 1 No Borrow I 

LTI r, byte 3 11 r -byte Borrow ? 

ONI r, byte 3 11 rnbyte No Zero I 

OFFI r, byte 3 11 rnbyte Zero + 

NEI r, byte 3 11 r -byte No Zero 2 2 

c01 r, byte 3 11 r -byte Zero I I 

IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) 

XR I xr2, byte 3 17 sr2 — sr2 V byte + 

ADINC sr2, byte 3 17 sr2 ~ sr2 +byte No Carry I I 

SUING sr2, byte 3 17 sr2 ~-- sr2 -byte No Borrow i 

ADI sr2, byte 3 17 s2 ~ sr2 +byte + I 

ACI sr2, byte 3 17 sr2 —sr2 + 6yte + CY I + 

SU I sr2, byte 3 t 7 sr2 —sr2 - bvte 1 i 

SBI sr2, byte 3 17 sr2 ~ sr2 -byte - CV 2 I 

ANI sr2, byte 3 1 7 sr2 ~ sr2 n byte 

OR I sr2, byte 3 17 sr2 — sr2 v byte I 

GTI sr2, byte 3 14 sr2 -byte - ~ No Borrow I ? 

LTI sr2, byte 3 14 sr2 -byte Borrow 2 I 

ONI sr2, byte 3 14 sr2n byte No Zero I 
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INSTRUCTION GROUPS (CONY.) 

MNEMONIC OPERANDS 
NO. 

BYTES 
CLOCK 

CYCLES OPERATION 
SKIP 

CONDITION 

FLAGS 

CV 2 

IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) ICONT.1 

OFFI sr2, byte 3 14 sr2nbyte Zero i 

NEI sr2, byte 3 14 sr2 -byte No Zero I r 

EOI sr2, byte 3 14 sr2 -byte Zero I 

WORKING REGISTER 

XRAW wa 3 14 At -A V (V, wa) i 

ADDNCW wa 3 14 A ~- A + (V, wa) No Carry 1 

SUBNBW wa 3 14 A -- A - IV, wal No Borrow 1 

ADDW wa 3 14 A--A+IV, wal t t 

ADCW wa 3 14 A~A+IV. waI+CY 1 , 

SUBW wa 3 14 A--A-IV, wa) I 1 

SBBW wa 3 14 A ~- A - IV, wa) - CW 

ANAW wa 3 14 A•-AnlV, wa) 

DRAW wa 3 14 A -A VIV, wa) t 

GTAW wa 3 14 A •- (V, wal - 1 No Borrow 1 I 

LTAW wa 3 14 A - IV, wa) Rorrow 2 i 

ONAW wa 3 14 A n (V, wa) No Zero 

OF FAW wa 3 14 AnlV, wa! Zero I 

NEAW wa 3 14 A - (V, wa) No Zero I 

E QAW wa 3 14 A - (V, wa) Zero I , 

ANIW wa, byte 3 I6 IV, wal •-IV, wa)nbyte , 

OR IW wa, byte 3 16 IV, wa) -- IV, wa) V byte I 

GTIW wa, byte 3 13 (V, wa) -byte - 1 No Borrow I t 

LTIW wa, byte 3 13 (V, wa) -byte Borrow I 

ONIW wa, byte 3 13 IV, wale byte No Zero , 

OFFIW wa, byte 3 13 IV, wale byte Zero t 

NEIW wa, byte 3 13 (V, wa) byte No Zero I t 

EOIW wa, byte 3 13 IV, wa) -byte Zero I 

INCREMENT/DECREMENT 

INR r2 1 4 r2 ~ t2 + 1 Carry I 

INRW wa 2 13 IV, wa) - lV, wa) ~ 1 Carry I 
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INSTRUCTION GROUPS (CONY.) 

MNEMONIC OPERANDS 
NO. 

BYTES 

CLOCK 

CYCLES OPERATION 

SKIP 

CONDITION 

FLAGS 

CV Z 

INCREMENT/DECREMENT ICONT.1 

DCR r2 1 4 r2 - r2 - 1 Borrow 1 

DCRW wa 2 13 IV, wa) - IV, wal - 1 Borrow 

INX rp 1 7 rp ~ rp + 1 

DCX rp 1 7 rp -- rp - 1 

pqA 7 4 Decimal Adlust Accumulator I 

STC 2 8 CY - 1 1 

CLC 2 8 CV -0 0 

ROTATE AND SHIFT 

RLD 2 17 Rotate Left Digit 

RRD 2 17 Rotate Right Digit 

RAL 2 8 Am+1-Am, AO-CY, CY-A7 I 

RCL 2 8 Cm+1-Cm, Cp--CY, CV -C7 I 

RAR 2 8 Am-1~-Am, A7--CV,CY--AO 

RCR 2 8 Cm - 1 - Cm, C7 - CY, CV - Cp I 

SHAL 2 8 Am+1~Am, AO ~-O,CY-A7 I 

SHCL 2 8 Cm + 1 - CM, Cp - O, CY - C7 I 

SHAR 2 8 Am-1-Am,A7-0,CY-AO t 

SHCR 2 8 Cm - 1 - Cm, C7 -- 0, CY - CO I 

JUMP 

JMP word 3 70 PC -- word 

JB 1 4 PCH'-  B, PCL ~- C 

JR word 1 73 PC ~- PC + 1 + Idispl 

JRE word 2 73 PC~PC+2+jdisp 

1 
CALL 

CALL word 3 16 
ISP - 11 ~ IPC - 31F{, ISP - 21 -

(PC - 31L, PC'-word 

CA LB 1 13 
ISP - 11 -- IPC - 11H. ISP - 21 -
IPC - 11L, PCH -- B, PCL - C 

CALF word 2 i6 
ISP-1I--IPC-21F{,ISP-21~IPC-21L 
PC15 - 11 ~-00007 , PC10 _ 0 - fa 

CALT word 1 19 
ISP-71-1PC-111-{,ISP-2I-IPC-11L 
PCL--1128-2ta), PCH-1129+22a) 

SOFTI 1 19 
ISP- 11--PSW,SP-2, ISP- 3) ~-PC 
PC - 00601{, S I R O- 1 
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INSTRUCTION GROUPS (CONY.) 

MNEMONIC OPERANDS 

NO. 

BYTES 

CLOCK 

CYCLES OPERATION 

SKIP 

CONDITION 

FLAGS 

CY Z 

RETURN 

RET ] 11 
PCL ~- ISPI, PCH ~ fSP + 11 

SP~SP-2 

RETS 1 11+a 
PCL ~- (SPI, PCH ~- ISP + 11, 
SP—SP+2, PC'-PC+n 

R ETI 1 15 
PCL ~-ISPI, PCH ~-ISP+iI 
PSW~-lSP+21, SP—SP+3, SIRQ~-0 

SKIP 

81T bit, wa 2 10 Bit test 
!V, walnit 
= 11 

SKC ~ 8 Skip if Carry CV = 1 

SKNt7 8 Skip if No Carry CV = 0 

SKZ 2 8 Skip if Zero Z = 1 

SKNZ 2 8 Skip if No Zero Z = 0 

SKIT f 
_ 8 

Skip if INT X = 1, 
then reset INT X 

f = 1 

SKN IT f 2 8 
Skip if No INT X 
otherwise reset INT X 

f= 0 

CPU CONTROL 

NOP 1 4 No Operation 

EI 2 8 Enable Interrupt 

DI 2 8 Disable Interrupt 

HLT 1 6 Halt 

SERIAL PORT CONTROL 

SIO 1 4 Start (Trigger) Serial 1!O 

STM 1 4 Siart Timer 

INPUT/OUTPUT 

IN byte 2 10 
A615-g ~ B,A67-0 —byte 
A — D87d 

OUT byte 2 10 
A B 15-8 `- B A B 7{1 — bYte 

D87-0 — A 

PEX 2 11 PEt5S—B,PE7.0—C 

PEN 2 11 PE15-12` 874 

PER 2 11 Pon E AB MoAe 
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Program Status Word (PSW) Operation 

OPERATION D6 D5 D4 D3 D2 DO 

REG, MEMORY IMMEDIATE SKIP Z SK HC L1 LO CY 

ADD 
ADC 
SUB 
SBB 

ADDW 
ADCW 
SUBW 
SBBW 

ADDX 
ADCX 
SUBX 
SBBX 

ADI 
ACI 
SUI 
SBI 

- 0 T 0 0 

ANA 
ORA 
XRA 

ANAW 
ORAW 
XRAW 

ANAX 
ORAX 
XRAX 

ANI 
ORI 
XRI 

ANIW 
ORIW I 0 • 0 0 • 

ADDNC 
SUBNB 
GTA 
LTA 

ADDNCW 
SUBNBW 
GTAW 
LTAW 

ADDNCX 
SUBNBX 
GTAX 
LTAX 

ADINC 
SUINB 
GTI 
LTI 

GTIW 
LTIW 

I 2 0 0 1 

ONA 
OFFA 

GNAW 
OFFAW 

ONAX 
OFFAX 

ONI 
OFFI 

ONIW 
OFFIW 

I • 0 0 

NEA 
EQA 

NEAW 
EQAW 

NEAX 
EQAX 

NEI 
EOI 

NEIW 
EOIW 

I I 0 0 I 

INR 
DCR 

INRW 
DCRW 1 - - 0 0 • 

DAA 0 0 0 

RAL, RAR, RCL, RCR 
SHAL,SHAR,SHCL,SHCR 

• 0 • 0 0 y 

RLD, RRD • 0 • 0 0 • 

STC • 0 • 0 0 t 

CLC • 0 • 0 0 0 

MV I A, byte • 0 • 1 0 

M V I L, byte 
LXI H, word 

• 0 • 0 1 

BIT 

SKC 
SKNC 
SKZ 
SKNZ 
SKIT 
SKNIT 

• • 0 0 • 

BETS • t • 0 0 • 

All other instructions • 0 • 0 0 • 

Flag affected according to result of operation 
1 Flag set 
0 Flag reset 
• Flag not affected 
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ABSOLUTE MAXIMUM Operating Temperature   —10°C to+70°C 
RATINGS* Storage Temperature   -65°C to+125°C 

Voltage On Any Pin  -0.3V to +7.OV 

COMMENT: Stress above those fisted under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

DC CHARACTERISTICS -70t~+~o°c,v~~=+5.ov~lor 

PARAMETER SYMBOL 

LIMITS 

UNITS 
TES7 

CONDITIONS MIN TVP MAX 

Input Low Voltage VIL 0 0.8 V 

Input High Voltage 
VIH1 2.0 VCC V Except SCK, X1 

VIHy 3.8 VCC V SCK, X1 

Output Low Voltage VpL 0.45 V IpL = 2.0 mA 

Output High Voliage 
VOH1 2.4 V IOH = -100µA 

VOH2 2.0 V IOH =-500 µA 

Low Level Input Leakage Current ILIL -10 µA VIN =0V 

High Level lnput Leakage Current ILIH 10 µA VIN =VCC 

Low Level Output Leakage Current ILOL --10 µA VOUT = 0.45V 

High Level Output Leakage Current ILOH 10 µA VUUT =VCC 

VCC Power Supply Current ICC 110 200 mA 

CAPACITANCE Ta = 25°C, v~~ = GND = OV 

PARAMETER SYMBOL 

LIMITS 

UNITS 
TEST 

CONDITIONS MIN TVP MAX 

Input Capacitance CI 10 pF 
fc = 1 MHz 
All pins not 
under test at OV 

Output Capacitance CO 20 pF 

Input/Output Capacitance CIO 20 pF 
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-10 to +70° C, V CC = +5.0 V ± 10 

CLOCK TIMING 

PARAMETER SYMBOL 

LIMITS 

UNITS 

TEST 

CONDITIONS MIN MAX 

X1 Input Cycle Time LCYX 22~ 1000 ns 

X1 Input Low Level 

Width 
tXXL 106 ns 

X1 Input High Level 
Width 

tXXH 106 ns 

40UT Cycle Time tCy4 454 2000 ns 

40UT Low Level Width t44L 150 ns 

40UT High Level Width t~l{ 150 ns 

BOUT Rise/Fall Time t~ ip 40 ns 

READ/WRITE OPERATION 

PARAMETER SYMBOL 

LIMITS 

UNITS 

TEST 

CONDITIONS MIN MAX 

RD L.E. -~ 40UT L.E. tR4 100 ns 

tCYq.= 500 ns 

Address (PE0-151 ~ Data 
Input 

tAD1 550 + 500 x N ns 

RD T.E. -~ Address tRq 2001731; 700174) ns 

TR C L.E. ~ Data Input tRp 350 + 500 x N ns 

TiIST,E. -~ Data Hold 
Time 

tRDH 0 ns 

~6Low Level Width tqR 850+500 x N ns 

RD L.E. -~ WAIT L.E. tgy,1T 450 ns 

Address (PEO-151 ~ 

WAIT L.E. 
tAWT1 650 ns 

WAIT Set Up Time 

(Referenced from 

40UT L.E.) 

tVV7S 290 ns 

WAIT Hold Time 

(Referenced from 

40UT L.E.) 

tWTH 0 ns 

M1 ~FC6L.E. tMR 200 ns 

Rb T.E. ~ M1 tRM 200 ns 

10/Fvlvl-~Fi6L.E. t IR 200 ns 

Fib T.E. ~ 10/~N tRl 200 ns 

40UT L.E.-~~ L.E. t4W 40 125 ns 

Address IPEO-15 ) -' 
40UT T.E. 

tA4 100 300 ns 

Address (PEO.15 ) -' 
Data Output 

tAD2 450 ns 

Data Output ~V~Ti 
T.E. 

tpyy 600 + 500 x N ns 

~10R T,E. -+ Data 
Stabilization Time 

ty~p 150 ns 

Address (PE0_15) -• 
WR L.E. 

tgyy 400 ns 

~ T.E. ~ Adddress 
Stabilization Time 

tyyq 200 ns 

WR Low Level Width tyyyy 600 + 500 x N ns 

10/1 ~ L.E. tly~ 500 ns 

wR T,E. ~ ID/RA tyyl 250 ns 

AC CHARACTERISTICS 
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SERIAL I/O OPERATION 

PARAMETER SYMBOL MIN MAX UNIT CONDITION 

SCK Cycle Time tCYK 
800 ns SCK Input 

900 4000 ns SCK Output 

SCK Low Level Width tKKL 
350 ns SCK Input 
400 ns SCK Output 

SCK High Level Width tKKH 
350 ns SCK Input 
400 ns CS K Output 

SI Set-Up Time (referenced from SCK T.E.) tSIS 140 ns 

SI Hold Time (referenced from SCK T.E.) tglH 260 ns 

SCK L.E. -~ SO Delay Time tKp 180 ns 

SCS High-+SCK L.E. tCSK 100 ns 

SCK T.E. -+ SCS Low iKCS 100 ns 

SCK T.E. -~ SAK Low tKgq 260 ns 

HOLD OPERATION 

PARAMETER SYMBOL MIN MAX UNIT CONDITION 

HOLD Set-Up Time (referenced from 

GOUT L. E.1 
tHDSt 200 ns 

tCY~ = 500 ns 

tHDS2 200 ns 

HOLD Hold Time (referenced from 00UT 
L.E.) 

tHDH 0 ns 

BOUT L.E. ~ HLDA t DHA 110 100 ns 

HLDA High -~ Bus Floating (High Z State) tHAgF -150 150 ns 

HLDA Low ~ Bus Enable tHggE 350 ns 

Notes 

01  AC Signal waveform (unless otherwise specified) 

2.4 

0.45 

2.0 MEASURING 2.0 

0.8 ~ POINTS 
~ 

0.8 

02 Output Timing is measured with 1 TTL + 200 pF measuring points are VOH = 2.OV 

VOL = 0.8V 

L.E. =Leading Edge, T.E. =Trailing Edge 
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ipy~ DEPENDENT AC PARAMETERS AC CHARACTERISTICS 

PARAMETER EQUATION MIN/MAX UNIT 

tRq (1/5) T MIN ns 

tADI (3/2 + N) T - 200 MAX ns 

tRA (T31 11/21 T- 50 MIN ns 

tRA ITgI (3/2) T- 50 MIN ns 

tRp 11 + N) T- 150 MAX ns 

tRR (2+NIT- 150 MIN ns 

tRyyT 13/21 T- 300 MAX ns 

tgyyTl l21 T - 350 MAX ns 

tMR 11/21 T- 50 MIN ns 

tRM (1/2) T- 50 MIN ns 

tIR (1/2) T- 50 MIN ns 

tRl 11/2) T- 50 MIN ns 

t~W (1/4) T MAX ns 

tA~ (1/5) T MIN ns 

igp2 T- 50 MIN ns 

tpyy (3/2+NIT- 150 MIN ns 

i Wp (1/2) T- 100 MIN ns 

tAW T- 100 MIN ns 

tWA (1/2) T- 50 MIN ns 

tWy~ (3/2+NIT - 150 MIN ns 

tlW T MIN ns 

tyyl (1/2) T MIN ns 

tHABE 11 /2) T - 150 MAX ns 

Notes: U  N =Number of Wait States 

O T - tCY~ 

Only above parameters are iCy~ dependent 

® When a crystal frequency other than 4 MHz is used (tCy~ = 500 ns) 
the above equations can be used to calculate AC parameter 

values. 

CLOCK TIMING 

 ~cvx 

~xx~   bcxH 

f c~ •~- tf 

(CONY.) 

TIMING WAVEFORMS 
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TIMING WAVEFORMS 
(CONY.) 

~~~ 

Lcrm 

t~N 

f f, 

READ OPERATION 

f ff 

WRITE OPERATION 

„~,~~E o~~. r,~E~ ~o,M ~~ E,..a~Fo 
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SERIAL I/O OPERATION 

~CVK 

SCK 

50 

SCS 

SAK 

ftKO TKO 

-i--1KC5 

TKSA-a 

HOLD OPERATION 

I  „ I 
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PACKAGE INFORMATION 
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NEC Microcomputers, Inc. 

PRODUCT DESCRIPTION 

FEATURES 

~~c 
/u PD7802 

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER 
WITH 6K ROM 

The NEC µPD7802 is an advanced 8-bit general purpose single-chip microcomputer fabricated with 
N-Channel Silicon Gate MOS technology, 

The NEC µPD7802 is intended to serve a broad spectrum of 8-bit designs ranging from enhanced 
single chip applications extending into the multichip microprocessor range. All the basic func-
tional blocks — 6144 x 8 of ROM program memory, 64 x 8 of RAM data memory, 8-bit ALU, 48 
I/O lines, Serial I/O port, 12bit timer, and clock generator are provided onchip to enhance stand-
alone applications, Fully compatible with the industry standard 8080A bus structure, expanded 
system operation can be easily implemented using any of the 8080A/8085A peripherals and 
memory products. Total memory space can be increased to 64K bytes. 

The powerful 140 instruction set coupled with 6K bytes of ROM program memory and 64 bytes 
of RAM data memory greatly extends the range of single chip microcomputer applications. Five 
level vectored interrupt capability combined with a 2 microsecond cycle time enable the µPD7802 
to compete with multichip microprocessor systems with the advantage that most of the support 
functions are onchip. 

• NMOS Silicon Gate Technology Requiring +5V Supply 
• Complete Single-Chip Microcomputer with On-Chip ROM, RAM and I/O 

— 6K Bytes_ROM 
— 64 Bytes RAM 
— 48 I/O lines 

• Internal 12-Bit Programmable Timer 
• QnLhip 1 MHz Serial Port 
• Five Level Vectored, Prioritized Interrupt Structure 

— Serial Port 
— Timer 
— 3 External Interrupts 

• Bus Expansion Capabilities 
— Fully 8080A Bus Compatible 
— 58K Bytes External Memory Address Range 

• On-Chip Clock Generator 
• Wait State Capability 
• Alternate Z80TM Type Register Set 
• Powerful 140 Instruction Set 
• 8 Address Modes; Including Auto-Increment/Decrement 
• Multi-Level Stack Capabilities 
• Fast 2µs Cycle Time 
• Bus Sharing Capabilities 

PIN CONFIGURATION PE15 C vccl+5v) 1 ~sa7 
mOUTC 2 63 C PEtq 
D87 C 3 62 ] PE13 
DB6 C 4 61 C PE12 
D85 [ 5 60 ] PE11 
D84 C 6 59 C PE10 
D63 C 7 58] PEg 
D82C 8 57 CPEg 
D81 C 9 56 ] PE7 
DBOC 10 55 CPES 

INT2 C 11 54 7 PE5 
INT7 C 12 53 C PEq 
INTO C 13 52 ' PE3 
WAITC 14 51 =PE2 

MI C 15 50 7 PE1 
w—FC 16 

µPp 
49 CPEg 

~ C 17 
780,2

48 ] PB7 
PC7 C 18 47 =PB6 
PCg C 19 46 ~ P85 
PC5 C 20 45 C PBq 
PC4 C 21 44 ] P83 
PC3 C 22 43 C  P82 
PC2 C 23 42 ] PB1 
PC1 C 24 41 CPep 
PCp ~ 25 40 ] PA7 
~~ C 26 39 CPA6 

SI C 27 38 7 PA5 
SO C 28 37 CPgq 

RR EST C 29 38 '3 PA3 
X2 C 30 35 CPA2 
X1 C 31 34 '~] PAt 

VSS(OV) C 32 33 ~ ]PAp 
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PIN NO. DESIGNATION FUNCTION 

1, 49-63 ABp-A615 (Tri-State, Output) 16-bit address bus. 

2 BOUT (Output) BOUT Provides a prescaled output 
clock for use with external 1/O devices or 
memories. BOUT frequency is fXTAL/2• 

3-10 DBp-D67 (Tri-State Input/Output, active high) 8-bit true 
bi-directional data bus used for external data 
exchanges with I/O and memory. 

11 INTp (Input, active high) Level-sensitive interrupt input. 

12 INT1 (Input, active high) Rising-edge sensitive interrupt 
input. Interrupts are initiated on low-to-high transi-
tions, providing interrupts are enabled. 

13 INT2 (Input) INT2 is an edge sensitive interrupt input 
where the desired activation transition is pro-
grammable. By setting the ES bit in the Mask 
Register to a 1, INT2 is rising edge sensitive. When 
ES is set to 0, INT2 is falling edge sensitive. 

14 WAIT (Input, active low) WAIT, when active, extends 
read or write timing to interface with slower 
external memory or I/0. WAIT is sampled at 
the end of T2, if active processor enters a wait 
state Tyy and remains in that state as long as 
WAIT is active. 

15 M1 (Output, active high) when active, M1 indicates 
that the current machine cycle is an OP CODE 
FETCH. 

16 WR (Tri-State Output, active low) WR, when active, 
indicates that the data bus holds valid data. Used 
as a strobe signal for external memory or I/O write 
operations. WR goes to the high impedance state 
during HALT, HOLD, or RESET. 

17 RD (Tri-State Output, active low) RD is used as a 
strobe to date data from external devices onto the 
data bus. RD goes to the high impedance state 
during HALT, HOLD, and RESET. 

18-25 PCp-PC7 (Input/Output) 8-bit I/O configured as a nibble 
I/O port or as control lines. 

26 SCK (Input/Output) SCK provides control clocks for 
Serial Port Input/Output operations. Data on the 
SI line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked 
onto SO line on falling edges. 

27 SI (Input) Serial data is input to the processor 
through the SI line. Data is clocked into the Serial 
Register MSB to LSB with the rising edge of SCK. 

28 SO (Output) SO is the Serial Output Port. Serial data 
is output on this line on the falling edge of SCK, 
MSB to LSB. 

29 RESET (Input, active low) RESET initializes the µPD7801. 

30 X2 (Output) Oscillator output. 

31 X1 (Input) Clock Input 

33-40 PAp-PA7 (Output) 8-bit output port with latch capability, 
41-48 PBp-P67 (Tri-State Input/Output) 8-bit programmable I/O 

port. Each line configurable independently as an 
input or output. 

PIN DESCRIPTION 
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FUNCTIONAL Memory Map 
DESCRIPTION 

µPD7802 

  ~"~>F ,sF 

~ ~ 
«oso «son Pe ~ s em Mi wn~r n[iFT Dour cc ~ 
~ < < i ~ i ~ ~ 

The µPD7802 can directly address up to 64K bytes of memory. Except for the on-chip 
ROM (0-6144) and RAM (65, 471-65, 535), any memory location can be used as 
either ROM or RAM. The following memory map defines the 0-64K byte memory 
space for the µPD7802 showing that the Reset Start Address, Interrupt Start Address, 
Call Tables, etc., are located in the Internal ROM area. 

0 

6144 

6145 

65,470 
65,471 

65,535 

INTERNAL 
ROM 

(0$1441 q 

EXTERNAL 

~ MEMORV R 

61,312 x 8 

INTERNAL 
RAM 

INTp 

INT1 

0 RESET 

128 

129 

130 

131 

t -0 

= 63 
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I/O PORTS 

PORT FUNCTIONS 

Port A 

Port B 

Port C 

Port E 

8-bit output port with latch 

8-bit programmable Input/Output port w/latch 

8-bit nibble I/O or Control port 

16-bit Address/Output Port 

Port A 

Port A is an 8-bit latched output port. Data can be readily transferred between the 
accumulator and the output latch buffers. The contents of the output latches can be 

modified using Arithmetic and Logic instructions. Data remains latched at Port A 
unless acted on by another Port A instruction or a RESET is issued. 

Port B 

Port B is an 8-bit I/O port. Data is latched at Port B in both the Input or Output modes. 
Each bit of Port B can be independently set to either Input or Output modes. The 

Mode B register programs the individual lines of Port B to be either an Input 

(Mode Bn = 11 or an Output (Mode Bn = 01' 

Port C 

Port C is an 8-bit I/O port. The Mode C register is used to program the upper 6 bits of 
Port C to provide control functions or to set the I/O structure per the following table. 

MODE Cn = 0 MODE Cn = ~ 

PCp Output Input 

PC1 Output Input 

PC2 SCSlnput Input 

PC3 SAK Output Output 

PCq To Output Output 

PC5 10/M Output Output 

PCg HLDA Output Output 

PC7 HOLD Input Input 

Port E 

Port E is a 16-bit address bus/output port. It can be set to one of three operating modes 
using the PER, PEN, or PEX instructions. 

• 16-Bit Address Bus —the PER instruction sets this mode for use with external I/O 
or memory expansion (up to 60K bytes, externallyl. 

4-Bit Output Port/12 Bit Address Bus —the PEN instruction sets this mode which 
allows for memory expansion of an additional 4K bytes, externally, plus the 
transfer of 4-bit nibbles. 

FUNCTIONAL 
DESCRIPTION 
(CONY.) 

16-Bit Output Port —the PEX instruction sets Port E to a 16-bit output port. The con-
tents of B and C registers appear on PE8-15 and PE0.7, respectively. 
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FUNCTIONAL TIMER OPERATION 
DESCRIPTION 

(CONY.) ~—

PRE-
SCALER 

14 µs1 a 
12 BIT GOWN COUNTER 

STM  _r_ 
r1

BORROW 

TIMER 
F/F 

TIMER ~ REG 7 TIMER 
REG 1 

~~
TIMER BLOCK DIAGRAM 

µ PD7802 

INTERNAL BUS 

~~TO 

A programmable 12-bit timer is provided on-chip for measuring time intervals, generat-
ing pulses, and general time-related control functions. It is capable of measuring time 
intervals from 4µs to 16 ms in duration. The timer consists of a prescaler which 
decrements a 12-bit counter at a fixed 4µs rate. Count pulses are loaded into the 
12-bit down counter through timer register (TMO and TM1). Count-down operation is 
initiated upon extension of the STM instruction when the contents of the down 
counter are fully decremented and a borrow operation occurs, an interval interrupt 
(INTT) is generated. At the same time, the contents of TMO and TM1 are reloaded 
into the down-counter and countdown operation is resumed. Count operation may be 
restarted or initialized-with the STM instruction. The duration of the timeout may be 
altered by loading new contents into the down counter. 

The timer flip flop is set by the STM instruction and reset on a countdown operation. 
Its output (T0) is available externally and may be used in a single pulse mode or general 
external synchronization. 

Timer interrupt (INTT) may be disabled through the interrupt. 

SERIAL PORT OPERATION 

  —~""  Ao 

SERIAL PORT BLOCK DIAGRAM 
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The on•chip serial port provides basic synchronous serial communication functions 
allowing the NEC µPD7802 to serially interface with external devices. 

Serial Transfers are synchronized with either the internal clock or an external clock 
input (SCK). The transfer rate is fixed at 1 Mbit/second if the internal clock is used 
or is variable between DC and 1 Mbit/second when an external clock is used. The 

Clock Source Select is determined by the Mode C register. The serial clock (internal 

or external ~) is enabled when the Serial Chip Select Signal (SCS) goes low. AL this 
time receive and transmit operations through the Serial Input port (SII/Serial Output 
port ISO) are enabled. Receive and transmit operations are performed MSB first. 

Serial Acknowledge (SAK) goes high when data transfers between the accumulator 
and Serial Register is completed. SAK goes low when the buffer becomes full after 
the completion of serial data receive or transmit operations. While SAK is low, no 
further data can be received. 

INTERRUPT STRUCTURE 
The µPD7802 provides a maskable interrupt structure capable of handling vectored 
prioritized interrupts. Interrupts can be generated from six different sources; three 
external interrupts, two internal interrupts, and anon-maskable software interrupt. 

Each interrupt when activated branches to a designated memory vector location 

for that interrupt. 

INT 
VECTORED MEMORY 

LOCATION pR10RITY TYPE 

INTT 8 3 Internal, Timer 
Overflow 

INTS 64 8 Internal, Serial 
Buffer Full/Empty 

INTO 4 2 Ext., level sensitive 

INT1 16 4 Ext., Rising edge 

sensitive 

INT2 32 5 Ext., Rising/Falling 
edge sensitive 

SOFTI 96 1 Software Interrupt 

FUNCTIONAL 
DESCRIPTION 
(CONY.) 
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FUNCTIONAL RESET (Resell 
DESCRIPTION An active low•signal on this input for more than 4µs forces the µPD7802 

(CONY.) into a Reset condition. RESET affects the following internal functions: 

• The Interrupt Enable Flags are reset, and Interrupts are inhibited. 
• The Interrupt Request Flag is reset. 
• The HALT flip flop is reset, and the Halt-state is released, 
• The contents of the MODE B register are set to FFH, and Port B 

becomes an input port. 
• The contents of the MODE C register are set to FFH. Port C becomes 

an I/O port and output lines go low. 
• All Flags are reset to 0. 
• The internal COUNT register for timer operation is set to FFFH and the 

timer F/F is reset. 
• The ACK F/F is set. 
• The HLDA F/F is reset. 
• The contents of the Program Counter are set to OOOOH. 
• The Address Bus (PE0.15), Data Bus (DB0.71, RD, and TWI go to 

a high impedance state. 

Once the RESET input goes high, the program is started at location OOOOH. 

REGISTERS The µPD7802 contains sixteen 8•bit registers and two 16•bit registers. 

15 

PC 

SP 

0 70 

V A 

B C 

D E 

H L 

V' A' 

B' C' 

D' E' 

H' L' 

Main 

Alternate 

General Purpose Registers IB, C, D, E, H, L) 

There are two sets of general purpose registers (Main: B, C, D, E, H, L; 
Alternate: B', C', D', H', L'1. They can function as auxiliary registers to the 
accumulator or in pairs as date pointers IBC, DE, HL, B'C', D'E', H'L'). Auto Incre• 
ment and Decrement addressing mode capabilities extend the uaes for the DE, HL, 
D'E', and H'L' register pairs, The contents of the BC, DE, and HL reglster•pe(rs 
can be exchanged with their Alternate Register counterparts ueing the EXX 
instruction, 
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Vector Register (V) FUNCTIONAL 
When defining a scratch pad area in the memory space, the upper 8-bit memory 
address is defined in the V-register and the lower 8-bits is defined by the immediate 
data of an instruction. Also the scratch pad indicated by the V-register can be used 
as 256 x 8•bit working registers for storing software flags, parameters and counters. 

Axumulator lAl 

All data transfers between the µPD7802and external memory or I/O are done through 
the accumulator. The contents of the Accumulator and Vector Registers can be 
exchanged with their Alternate Registers using the EX instruction. 

Program Counter (PC) 

The PC is a 16•bit register containing the address of the next instruction to be 
fetched. Under normal program flow, the PC is automatically incremented. However, 
in the case of a branch instruction, the PC contents are from another register or 
an instruction's immediate data. A reset sets the PC to OOOOH. 

Stack Pointer (SP) 

The stack pointer is a 16-bit register used to maintain the top of the stack area Ilast-

in•first-outl• The contents of the SP are decremented during a CALL or PUSH 
instruction or if an interrupt occurs. The SP is incremented during a RETURN or 

POP instruction. 

Register Addressing 

Register Indirect Addressing 

Auto-Increment Addressing 

Auto-Decrement Addressing 

Register Addressing 

OPCODE 

Working Register Addressing 

Direct Addressing 

Immediate Addressing 

Immediate Extended Addressing 

r 

OPERAND 

The instruction opcode specifies a register r which contains the operand. 

Register Indirect Addressing 

rp memory 

OPCODEi - 1ADDRESS OPERAND 

The instruction opcode specifies a register pair which contains the memory address 
of the operand. Mnemonics with an X suffix are ending this address mode. 

Auto-Increment Addressing 

OPCODE  

rp 

ADDRESS 

memory 

 'LOPERAND 

The opcode specifies a register pair which contains the memory address of the 
operand. The contents of the register pair is automatically incremented to point to 
a new operand. This mode provides automatic sequential stepping when working with 
a table of operands. 

DESCRIPTION (CONY.) 

ADDRESS MODES 
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ADDRESS MODES (CONY.) Auto-Decrement Addressing 

(OPCODEI 

Working Register Addressing 

PC 

PC+1 

OPCODE 

r 

1 

displacement 

15 

V Register 
Contents 

memory 

OPERAND 

memory 

OPERAND 

The contents of the register is linked with the byte following the opcode to form a 
memory address whose contents is the operand. The V register is used to indicate 
the memory page. This address mode is useful as ashort-offset address mode when 
working with operands in a common memory page where only 1 additional byte 
is required for the address. Mnemonics with a W suffix ending this address mode. 

Direct Addressing 

PC OPCODE 

PC + 1 Low Address 

PC + 2 High Address 

operand 

1 byte 

Memory 

Low Operand 

High Operand 

2 byte 

The two bytes following the opcode specify an address of a location containing the 
operand. 

Immediate Addressing 

PC 

PC + 1 

Immediate Extended Addressing 

PC 

PC+1 

PC+2 

OPCODE 

OPERAND 

OPCODE 

Low Operand 

High Operand 
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Operand Descr ption 

OPERAND DESCRIPTION 

r 

rl 

r2 

V, A, 8, C, D, E, H, L 

B, C, D, E, H, L 

A, 8, C 

sr 

sr1 

sr2 

PA PB PC MK MB MC TMO TM1 S 

PA PB,PC MK S 

PA PB PC MK 

rp 

rpl 

SP, B, D, H 

V, B, D, H 

rpa 

rpal 

wa 

B, D, H, D+, H+, D-, H-

B, D, H 

8 bit immediate data 

word 

byte 

bit 

16 bit immediate data 

8 bit immediate data 

3 bit immediate data 

f F0, F1, F2, FT, FS, 

Nutes: 1. When special register operands sr, sr1, sr2 are used; PA=Port A, PB=Port B, 
PC=Port C, MK=Mask Register, M6=Mode B Register, MC=Mode C 
Register, TMO=Timer Register 0, TM1=Timer Register 1, S=Serial Register. 

2. When register pair operands rp, rp1 are used; SP=Stack Pointer, B=BC, 
D=DE, H=H L, V=VA. 

3. Operands rPa, rPat, wa are used in indirect addressing and auto increment/ 

auto-decrement addressing modes. 

8=(BC1, D=(DE), H=(HL) 
D+=IDE)+, H+=(HLI+, D- =IDEI- , H- =(HLI- . 

4. When the interrupt operand f is used; FO=INTFO, F1=INTF1, F2=INTF2, 
FT=INTFT, FS=INTFS. 

INSTRUCTION SET 
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INSTRUCTION GROUPS 

MNEMONIC OPERANDS 

NO. 

BYTES 

CLOCK 

CYCLES OPERATION 

i 

SKIP 

CONDITION 

FLAGS 

CV Z 

8-BIT DATA TRANSFER 

MOV r1,A 1 4 r1 --A 

MOV A, r1 1 4 A—~1 

MOV sr, A 2 10 sr — A 

MOV A, sr1 2 10 A — sr1 

wtOV r, word 4 17 ~ Iwordl 

MOV word, r 4 17 fwordl ^ r 

MVI r, byte 2 7 r~byte 

MVIW wa, byte 3 13 (V, wal—byte 

MVIX rpal, byte 2 10 (rpa1) byte 

STAW wa 2 10 (V, we) ~ A 

LDAW wa 2 1U A»IV, wal 

STAR rpa 1 7 Irpel ~ A 

LDAX rpe 1 ; A ~ (rpe) 

EXX 1 ~~ Exchange register sets 

EX 1 4. V, A » V, A 

BLOCK 1 13 IC*1) IDEI+— IHLI+, C ~ C -- 1 

'd8~1T DATA TRANSFER 

SBCD word 4 20 Iwordl ~- C, (word + 11 «~ B 

SDED word 4 20 Iwordl ~ E, Iword + 11 ~ D 

SH LD word 4 20 Iwordl ~ L, Iword + 11 ~ H 

SSPD word 4 20 Iwordl ~ SPL, Iword + 11 ~ SPH 

LBCD word 4 20 C ~ (wortl 1, B ~ Iword + 1 ) 

LDED word 4 20 E ~ Iwordl, D ~- Iword + 11 

LHLO word 4 20 L •- Iwordl, H ~ (word + 1 

LSPD word 4 20 SPL ~ Iwordl, SPH ~- Iword + 1 

PUSH rPl 2 1 ~ ISP - 11 — rPl H, ISP - 2) — rpl L 

POP rp1 2 15 rp1 L ̀  ISPI 

rPid~ISP+II, SP~SP+2 

LX I rp, word 3 10 rp ~ word 

TABLE 1 19 
C»IPC+2+A1 
B~-IPC+2+A+11 
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INSTRUCTION GROUPS (CONY.) 

MNEMONIC OPERANDS 
NO. 

BYTES 
CLOCK 
CYCLES OPERATION 

SKIP 
CONDITION 

FLAGS 

CY Z 

ARITHMETIC 

ADD A, r 2 8 A--A+r 2 I 

ADD r,A ~ 8 r r+A _ 

A ODX rpa 2 11 A -- A+ Irpal I I 

ADC A, r 2 8 A—A+r+CV I 2 

ADC r,A 2 8 r—r+A+CY I 2 

A DCX rpa 2 11 A ~ A + (rpa) + CV I I 

SUB A, r 2 6 A —A -r . I 

SUB r,A 2 8 r —r -A I 

SUBX rpa 2 11 A A A- (rpa) 2 I 

SBB A, r 2 8 A~-A-r-CV 

SBB r,A 2 8 r~r-A-CY I I 

SBBX rpa 2 ii A—A-Irpal-CV 2 I 

ADDNC A, r 2 8 A A A+ r No Carry I 

ADDNC r, A 2 8 r `- r+ q No Carry S I 

A DDNCX rpa 2 11 A A A+ (rpa) No Carry 2 I 

SUBNB A, r 2 8 A A A- r No Borrow 2 2 

SUBNB r, A 2 8 r ~- r- A No Borrow I 2 

SU BNBX rpa 2 11 A ~-- A - Irpal No Borrow I I 

LOGICAL 

ANA A, r 2 8 A ~Anr 

ANA r, A 2 8 r rnA 

A NAX rpa 2 A — A n Irpa I 

ORA A, r 2 8 A—AVr 

ORA r, A 2 8 r~rvA 

ORAX rpa 2 A ~AVlrpa) 

XRA A, r 2 A —AYr 

XRA r, A 2 6 A --rVA 

XRAX rpa 2 A ~ A V (r pal 

GTA A,r 2 8 A -r-1 No Borrow 
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INSTRUCTION GROUPS (CONY.) 

MNEMONIC OPERANDS 
NO. 

BYTES 
CLOCK 

CYCLES OPERATION 
SKIP 

CONDITION 

FLAGS 

CV Z 

LOGICAL (CONY.) 

GTAX rpa 2 11 A - (rpal - 1 No Borrow I I 

LTA A, r 2 8 A- r Borrow i I 

LTA r, A 2 8 r- A Borrow I I 

LTAX rpa 2 i t A- Upal Borrow I I 

ONA A, r 2 8 An r No Zero 2 

ONAX rPa 2 i t A nbpa) No Zero I 

OFFA A,r 2 8 Anr Zero I 

Of FAX rpa 2 11 A n (rpal Zero I 

NEA A, r 2 8 A- r No Zero I I 

NEA r, A 2 8 r- A Nu Zero I I 

NEAR rpa 2 11 A - Irpel No Zero I i 

EQA A, r 2 8 A- r Zero i I 

EQA r, A 2 8 r- A Zero i 2 

EQAX rpa 2 11 A - (rpal Zaro I I 

IMMEDIATE DATA TRANSFER (ACCUMULATOR) 

XRI A, byte 2 7 A~ A V byte I 

ADINC A, byte 2 7 A •- A +byte No Cerry S I 

SUINB A, byte 2 7 A A A -byte No Borrow i I 

ADI A, byte 2 7 A~-A+byte I I 

ACI A, byte 2 7 A ~- A +byte + CV I I 

SU I A, byte 2 7 A ~- A -byte i i 

SBI A, byte 2 7 A ~- A -byte - CY 2 I 

ANI A, byte 2 7 A ~ An byte i 

OR 1 A, byte 2 7 A~ A V byte i 

GTI A, byte 2 7 A -byte - 1 No Borrow i i 

LTI A, byte 2 7 A -byte Borrow S 2 

ON I A, byte Z 7 A n byte No Zero i 

OFfI A, byte 2 7 An byte Zero ! 

NEI A, byte 2 7 A -byte No Zero I i 

EOI A, Dyts 2 7 A- by[e Zero i i 
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INSTRUCTION GROUPS (CONY.) 

MNEMONIC 
NO. 

OPERANDS ~ BYTES 
CLOCK 

CYCLES OPERATION 
SKIP 

CONDITION 

FLAGS 

CV 2 

IMMEDIATE DATA TRANSFER 

XRI r, byte 3 t 1 r -r Vbyte 

ADINC r, byte 3 11 r «. r +byte No Carry 

SU I NB r, byte 3 11 r -- r -byte No Borrow 

ADI r, byte 3 11 r ~ r +byte 

ACI r, byte 3 11 r~r+byte+CV • 

SU I r, byte 3 11 r r -byte - 

SBI r, byte 3 1t r«-r-byte-CY . . 

ANI r, byte 3 11 r•-rnbyte • 

(URJ r, byte 3 11 r -- r ~ byte 

GTI r, byte 3 11 r -byte - 1 No Borrow 2 I 

LTI r, byte 3 11 r -byte Borrow 

ONI r, byte 3 11 rnbyte No Zero 

OFF( r, byte 3 tt rnbyte Zero 1 

NEI r, byte a 11 r -byte No Zero , 

EOI r, byte 3 11 r -byte Zero I I 

IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) 

XRI sr2, byte 3 17 sr2 - sr2 V byte I 

ADINC sr2, byte 3 17 sr2-sr2+byte No Carry I 2 

SUINB sr2, byte. 3 17 sr2 ~ sr2 -byte No Borrow I i 

ADI sr2, byte 3 17 sr2 ^sr2 +byte . I 

ACI sr2, byte 3 1 7 sr2 ~ sr2 +byte + CY I I 

SUI sr2, byte 3 17 sr2 ~ sr2 -byte 

SBI sr2, byte 3 17 sr2 -sr2 -byte - CV i 

ANI sr2, byte 3 1 7 sr2 ^- sr2 n byte 

OR I sr2, byte 3 17 sr2 - sr2 v byte 

GTI sr2, byte 3 14 sr2 -byte - 1 No Borrow 

LTI sr2, byte 3 14 sr2 -byte Borrow . 

ONI sr2, byte 3 14 sr2n byte No Zero I 
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~ PD7802 

INSTRUCTION GROUPS (CONY.) 

MNEMONIC OPERANDS 

NO. 

BYTES 

CLOCK 

CYCLES OPERATION 

SKIP 

CONDITION 

FLAGS 

CV Z 

IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) (CONY.) 

OFFt sr2, byte 3 14 sr2nbyte Zero 

NEI sr2, byte 3 14 sr2 -byte No Zero S I 

EOI sr2, byte 3 14 sr2 -byte Zero t I 

WORKING REGISTER 

XRAW wa 3 14 A~ A V IV, wa) I 

ADDNCW wa 3 14 A ~- A + IV, wa) No Carry I I 

SUBNBW wa 3 14 A ~ A - IV, wal No Borrow i S 

ADOW wa 3 14 A—A+IV, wa) I I 

ADCW wa 3 74 A—A+IV, waI+CV I 2 

SUBW wa 3 14 A ~ A - IV, wal I I 

SBBW wa 3 14 A~-A-(V, wal - CW I I 

ANAW wa 3 t4 A~AnIV, wa) I 

DRAW wa 3 14 A~ A V (V, wa) I 

GTAW wa 3 74 A ~- IV, wal - 7 No Borrow I I 

LTAW wa 3 14 A - IV, wal Borrow 2 2 

GNAW wa 3 14 A nIV, wa) No Zero I 

OFFAW wa 3 74 AnlV, wal Zero I 

NEAW wa 3 14 A - IV, wa) No Zero . 

EQAW wa 3 14 A - IV, wal Zero . I 

ANIW wa,byte 3 16 IV,wal ~-lV,walnbyte I 

ORIW wa, byte 3 16 (V, waI~IV, wal Vbyte I 

GTIW wa, byte 3 13 (V, wal -byte - 1 No Borrow f 

LTIW wa, byte 3 13 IV, wa) -byte _. Borrow t S 

ONIW wa, byte 3 73 (V, wale byte No Zero I 

OFFIW wa, byte 3 13 IV, wale byte Zero I 

NEIW wa, byte 3 13 IV, wal -byte No Zero 2 I 

EOIW wa, byte 3 13 IV, wa) -byte Zero t t 

INCREMENT/DECREMENT 

I NR r2 1 4 r2 -- r2 + 1 Carry I 

INRW wa 2 13 IV, wa) ~ IV, wa) + 1 Carry I 
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etc PD7802 

INSTRUCTION GROUPS (CONY.) 

MNEMONIC OPERANDS 
NO. 

BYTES 
CLOCK 

CYCLES OPERATION 
SKIP 

CONDITION 

FLAGS 

CV Z 

INCREMENT/DECREMENT ICONT.1 

DCR r2 1 4 r2 - r2 - 1 Borrow . 

DCRW wa 2 13 IV, wa) ~- (V, wa) - 1 Borrow 

INX rp 1 7 rp-rp+1 

DCX rp 1 7 rp ~ rp - 1 

DAA 1 4 Decimal Adjust Accumulator . , 

STC 2 8 CY -- 1 1 

CLC 2 6 CV -0 0 

ROTATE AND SHIFT 

RLD 2 17 Rotate Left Digit 

RRD 2 17 Rotate Right Digit 

RAL 2 8 Am+1-Am, AO-CY,CY-A7 I 

RCL 2 8 Cm+1-Cm, Cp-CY, CV ~C7 

RAR 2 B Am -1 -Am, A7--CV,CY ~-AO I 

RCR 2 8 Cm - 1 ~- Cm, C7 ~- CV, CY - CO I 

SHAL 2 8 Am+1~-Am, A0~0,CY~A7 

SHCL 2 8 Cm+1.-CM,Cp~O,CY-C7 I 

SHAR 2 8 Am-1~-Am, A7 •-O, CV -AO I 

SHCR 2 8 Cm -1«-Cm, C7~O,CV ~Cp I 

JUMP 

JMP word 3 10 PC ~ word 

JB 1 4 PCH ~-B, PCL-C 

JR word 1 13 PC ~ PC + 1 + jdispl 

JRE word 2 13 PCB-PC+2+jdisp 

CALL 

CALL word 3 16 
(SP - 11 ~ IPC - 31H, (SP - 21 
(PC - 31 L, PC -word 

CA LB 1 13 
(SP - 1) ~ (PC - 1) f1, (SP - 21 --
(PC - 11L, PCH ~- B, PCL ~ C 

CALF word 2 16 
ISP-11--(PC-21H,ISP-2I~-IPC-21L 
PC15~ 11 •-00001,PC 10-O~fa 

CA LT word 1 19 
(SP-11^-IPC-I1H,ISP-2I-IPC-11L 
PCL~1128-2ta1, PCH--.1129+2ta) 

SOFTI 1 19 
ISP - 11 ~ PSW, SP - 2, (SP - 31 - PC 
PC ~- OO60H, S I R Q~ 1 

292 



~, PD7802 

INSTRUCTION GROUPS (CONY.) 

MNEMONIC OPERANDS 

NO. 
BYTES 

CLOCK 

CYCLES OPERATION 

SKIP 
CONDITION 

FLAGS 

CY Z 

RETURN 

RET 1 11 
PCL ^- ISP1, PCL{ ~- (SP+ 11 
SP -̂SP -2 

RETS 1 11+a 
PCL ~-- (SPI, PCR ~— ISP + 11, 
SP^-SP+2, PC ~--PC+n 

RETI 1 75 
PCL—~ ISPI, PCL{^- (SP+1) 
PSW-ISP+21, SP^-SP+3, S I RO~-O 

SKIP 

BIT bit, wa 2 10 Bit test (U• ~^'al bit 
= 1 i 

SKC 2 8 Skip if Carry CY = 1 

SKNC 2 8 Skip if No Carry CV = 0 

SKZ 2 8 Skip if Zero Z = 1 

SKNZ 2 8 Skip if No Zero Z = 0 

SKIT i 2 8 
Skip if INl" X= i, 
then reset INT X 

f= 1 

SKN IT f 2 8 
Skip if No INT X 
otherwise reset INT X 

f= 0 

CPU CONTROL 

NOP 1 4 No Operation 

EI 2 8 Enable Interrupt 

DI 2 8 Dlsab le Interrupt 

HLT 1 6 halt 

SERIAL PORT CONTROL 

SIO 1 4 Start (Trigger) Serial I/O 

STM 1 4 Start Timer 

INPUT/OUTPUT 

IN byte 2 10 
A815-8 — B,AB7{I ~- byte 
A ~- D87-0 

OUT byte 2 10 AB15-8 `- B,AB7~ --byte 

D87{I — A 

PEX 2 ii PE15$—B, PE~-0 ^-C 

PEN 2 it PE15-12` 67-0 

~ PER 2 11 Pon E AB Mode 
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µ PD7802 

Program Status Word (PSW) Operation 

OPERATION D6 D5 D4 D3 D2 DO 

R EG, MEMORY IMMEDIATE SKIP Z SK HC L1 LO CV 

ADD 

ADC 

SUB 

SBB 

ADDW 

ADCW 

SUBW 

SBBW 

ADDX 

ADCX 

SUBX 

SBBX 

ADI 

ACI 

SUI 

SBI 

0 0 0 . 

ANA 

ORA 

XRA 

ANAW 

DRAW 

XRAW 

ANAX 

ORAX 

XRAX 

ANI 

ORI 

XRI 

ANIW' 

ORIW ? 0 • 0 0 • 

ADDNC 

SUBNB 

GTA 
LTA 

ADUNCW 

SUBNBW 

GTAW 
LTAW 

ADDNCX 

SUBNBX 

GTAX 
LTAX 

ADINC 

SUING 

GTI 
LTI 

GTIW 
LTIW 

I 2 0 0 

ONA 

OFFA 

GNAW 

OFFAW 

ONAX 

OFFAX 

ONI 

OFFI 

ONIW 

OFFIW 
I • 0 0 

NEA 
EQA 

NEAW 
EQAW 

NEAR 
EQAX 

NEI 
EOI 

NEIW 
EQIW ~ ~ ` 

G 0 1 

INR 
DCR 

INRW 

DCRW ~ 2 I 0 0 

DAA 0 i 0 0 . 

R AL, RAR, RC L, RCR 
SHAL,SHAR,SHCL,SHCR 

. p • 0 0 

R LD, RRD • C • 0 0 

STC • 0 • 0 0 1 

CLC • 0 • 0 0 0 

MV I A, byte • 0 • 1 0 

MVI L, byte 

LXIH,word • 0 • 0 1 • 

BIT 

SKC 

SKNC 

SKZ 

SKNZ 

SKIT 
SKNIT 

• I • 0 0 • 

R ETS • t • 0 0 

All other instructions • 0 • 0 0 • 

I Flag affected according to result of operation 
1 Flag set 

0 Flag reset 

• Flag not affected 
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N, PD7802 

ABSOLUTE MAXIMUM Operating Temperature   -10°C to+70°C 
RATINGS* Storage Temperature   -65°C to+125°C 

Voltage On Any Pin  -0.3V to +7.OV 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Ta = 25°C 

DC CHARACTERISTICS -10 to+~o°c,v~~=+5.ov~ for 

PARAMETER SYMBOL 

LIMITS 

UNITS 
TEST 

CONDITIONS MIN TVP MAX 

Input Low Voltage VIL 0 0.8 V 

Input High Voltage 
VIH1 2.0 VCC V Except SCK, X1 

VIH2 3.8 VCC V SCK, X1 

Output Low Voltage VpL 0.45 V IpL = 2.0 mA 

Output High Voltage 
VOH1 2.4 V IOH = —100 µA 

VOH2 2.0 V IOH =-500 µA 

Low Level lnputLeakageCurrent ILIL —10 µA VIN=OV 

High Level lnput Leakage Current ILIH 10 µA VIN 'VCC 

Low Level Output Leakage Current ILOL —10 µA VOUT = 0 45V 

High Level Output Leakage Current ILOH 10 µA VOUT = VCC 

VCC Power Supply Current ICC 110 200 mA 

CAPACITANCE Ta=25°C,vCC=GNO=ov 

PARAMETER SYMBOL 

LIMITS 

UNITS 
TEST 

CONDITIONS , MIN TVP MAX 

Input Capacitance CI 10 pF 
fc = 1 MHz 
All pins not 
under test at OV 

Output Capacitance Cp 20 pF 

Input/Output Capacitance CIO 20 pF 
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~t PD7802 

-1 o to +7o°c, vcc = +5.ov ~ to ~o 
CLOCK TIMING 

PARAMETER SVMBOL 

LIMITS 

UNITS 
TEST 

CONDITIONS MIN MAX 

Xi Input Cycle Time tCYX 227 1000 ns 

X1 InDut Low Level 

W idih 
tXXL 106 ns 

X1 Input High Level 
Width 

LXXH 106 ns 

40UT Cycle Time tCy© 454 2000 ns 

40UT Low Level Width t44L 150 ns 

40UT High Level Width t~H 150 ns 

40UT Rise/fall Time tr,tf 40 ns 

READNVRITE OPERATION 

PARAMETER SYMBOL 

LIMITS 

UNITS 
TEST 

CONDITIONS MIN MAX 

RD L.E. -'40U7 L.E. tR4 100 ns 

tcyQ =500ns 

Address (PEO-151 ~ Data 
Input 

tppi 550 + 500 x N ns 

RD T.E. ~ Address tRq 't00(7g1; 700174) ns 

RD L.E. ~ Data Input tRD 350 + 500 x N ns 

RST,E.-+Data Hold 
Time 

tRDFi 0 ns 

~6Low Level Width tRR 650+500 x N ns 

RD L.E.-~ WAIT L.E. tgbY7 450 ns 

Address (PEO-151 -' 
WAIT L.E. 

tAWTt 650 ns 

WAIT Set Up Time 
(Referenced from 

40UT L.E.) 

tYV7g 290 ns 

WAIT Hold Time 
(Referenced from 

40UT LE.) 

tVV7H 0 ns 

M1 -~AD~L. E. tMR 200 ns 

R6 T.E. -~M1 tRM 200 ns 

10/Fd -+AD L.E. tIR 200 ns 

~i6T.E.-~IOiNI tRl 200 ns 

40UT L.E. ~~ L.E. 24W 40 125 ns 

Address (PE0_15) -+ 

40UT T.E. 
tA4 100 300 ns 

Address (PEO-15) ~ 
Data Output 

tAD2 450 ns 

Data Output ~VJF3' 
T.E. 

tpyy 600 + 500 x N ns 

Wf4 T.E. Data 
Stabilization Time 

tyyD 150 ns 

Address (PE0_15) ~ 
WR L.E. 

tqy~ 400 ns 

POFf T.E. -~ Address 
Stabilization Time 

tyyq 200 ns 

WR Low Level Width tyyyy 600 + 500 x N ns 

ID/Ar ~ L.E. tlyy 500 ns 

~ T.E.-+10/Af tyyl 250 ns 

AC CHARACTERISTICS 
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SERIAL I/O OPERATION 

PARAMETER SYMBOL MIN MAX UNIT CONDITION 

SCK Cycle Time tCYK 
800 ns SCK Input 
900 4000 ns SCK Output 

SCK Low Level Width tKKL 
350 ns SCK Input 
400 ns SCK Output 

SCK High Level Width tKKH 
350 ns SCK Input 
400 ns CS K Output 

SI Set-Up Time (referenced from SCK T.E.) tSIS 140 ns 

SI Hold Time (referenced from SCK T.E.) tglF{ 260 ns 

S K L.E. -. SO Delay Time tK0 180 ns 

SCS High -. SCK L.E. tCSK 100 ns 

SCK T.E. -~ SCS Low tKCS 100 ns 

SCK T.E.-~ SAK Low tKSA 260 ns 

HOLD OPERATION 

PARAMETER SYMBOL MIN MAX UNIT CONDITION 

HOLD Set-Up Time (referenced from 

GOUT L.E.) 
tHOS1 200 ns 

tCY~ = 500 ns 

tHDS2 200 ns 

HOLD Hold Time (referenced from 00UT 
L E 1 tHDH 0 ns 

OUT L.E. ~ HLDA t DHA 110 100 ns 

HLDA High ~ Bus Floating (High 2 State) tHggF -150. 150 ns 

HLDA Low -+Bus Enable tHggE 350 ns 

Notes: 

01  AC Signal waveform (unless otherwise specified) 

2.4 

0.45 

2.0 MEASURING 2.0 

0.8 ~ POINTS ~ 0.8

Q2 Output Timing is measured with i TTL + 200 pF measuring points are VOH = 2.OV 
VOL=0.8V 

t~ L.E. =Leading Edge, T.E. =Trailing Edge 
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tCy~ DEPENDENT AC PARAMETERS 

PARAMETER EQUATION MIN/MAX UNIT 

tRp (1/5) T MIN ns 

tAD i (3/2 + N) T - 200 MAX ns 

tRA IT3) (1/2) T- 50 MIN ns 

tRA ITg1 (3/2) T- 50 MIN ns 

tRp 11 + N) T- 150 MAX ns 

tpR (2+ N) T- 150 MIN ns 

tRWT 13/21 T - 300 MAX ns 

tgWT1 121 T - 350 MAX ns 

tMR 11/21 T- 50 MIN ns 

tRM 11/21 T- 50 MIN ns 

tIR (1/2) T- 50 MIN ns 

tRl (1/2) T- 50 MIN ns 

t~y~ (1/4) T MAX ns 

tgyy (1/5) T MIN ns 

tgp2 T- 50 MIN ns 

tpyy 13/2+N)T- 150 MIN ns 

ty~p (1/2) T- 100 MIN ns 

tAW T- 100 MIN ns 

tyyA (1/2) T- 50 MIN ns 

twyy (3/2+NIT- 150 MIN ns 

tiW T MIN ns 

tyyl 11/21 T MIN ns 

tHABE 11/2) T- 150 MAX ns 

Notes: Q1  N =Number of Wait States 

OO T = tCy~ 

03 Only above parameters are tCy~ dependent 

® When a crystal frequency other than 4 MHz is used (tCy~ = 500 nsl 
the above equations can be used to calculate AC parameter 

values. 

CLOCK TIMING 

AC CHARACTERISTICS 

(CONY. ) 

TIMING WAVEFORMS 
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TIMING WAVEFORMS 
(CONY.) 

b„T 

.~~, 

~OIY• 

GOUT 

-~  tbOL 

~i 

CYO 

~~M 

fir 

READ OPERATION 

;.,~ 

.~T~,.E o.,L..»E. ~o,~ ~~E,~,.LEo. 

WRITE OPERATION 

I  T  —I wwiT —I

—► t {f 

wog ~Eo 

•wCTivE OMLv wMEM i0A i5 EHMLEG. 

~""' \ 
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SERIAL I/O OPERATION 

tCVK 

SCK 

SI 

50 

SCS 

SAK 

~-~KKL - ~ r~KKM-~ 

-~~SIS~-~iSiH 

f~KO iK0 

~CSK iKCS 

~KSA-~ 

HOLD OPERATION 

~a~o~—*~ 
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NEC Microcomputers, Inc. 

SINGLE CHIP 8•BIT 
MICROCOMPUTER 

NBC 
µ PD8021 

DESCRIPTION The NECµPD8021 is a stand alone 8-bit parallel microcomputer incorporating the 
following features usually found in external peripherals. The µPD8021 contains: 
1 K x 8 bits of mask ROM program memory, 64 x 8 bits of RAM data memory, 21 

I/O tines, an 8-bit interval timer/event counter, and internal clock circuitry. 

FEATURES 8-Bit Processor, ROM, RAM, I/O, Timer/Counter 

• Single+5V Supply I+4.5V to+6.5V) 
• NMOS Sil icon Gate Technology 
• 8.38 µs Instruction Cycle Time 

• All Instructions 1 or 2 Cycles 

Instructions are Subset of µPD8048/8748/8035 

• High Current Drive Capability — 2 I/O Pins 

• Clock Generation Using Crystal or Single Inductor 

• Zero-Cross Detection Capability 

• Expandable I/O Using µ8243's 

• Available in 28 Pin Plastic Package 

PIN CONFIGURATION 
P22 

P23 

PROG 

P00 

P01 

P02 

P03 

PO4 

POS 

P06 

P07 

ALE 

T1 

uSS 

6 
~ µPD 

8021 

9 

10 

,i 

1z 

13 

14 

?6 

25 

24 

23 

22 

21 

20 

t9 

is 

t7 

16 

~cc 

P21 

P20 

P17 

P16 

P15 

P14 

P13 

P12 

P11 

P10 

RESET 

XTAL 2 

XTALi 

Rev/1 
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µ P D8021 
6G r BRIT RAM 
DATA MEMORY 

°z<. aeiT 
MASK ROM 

PROGRAM MEMORY 

CLOCK 

—'T• 

~~ 

aelT 

PROCESSOR 

Z1 IIO 
LINES 

BRIT 
iNTERVA TIMERi 
EV ENi COJNTER 

BLOCK DIAGRAM 

Operating Temperature   0°C to+70°C ABSOLUTE MAXIMU~A 
Storage Temperature (Ceramic Package)   -65°C to +150°C RATI DIGS' 

(Plastic Package)   -65°C to +125°C 

Voltage on Any Pin   -0.5 to +7 Volts 0 

Power Dissipation  i Watt 

Note: 01  With Respect to Ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" maY cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25°C 

Ty = 0°C to +70°C; VCC = +5.5V ± iV; VSS = OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Low Voltage 
(All Except XTAL 1, XTAL 21 VIL "0.5 + 0.8 V 

Input High Voltage 
(AII Except XTAL 1, XTAL 2) 

VIH 2.0 VCC V 
+ 

VCC = 5.OV _ 10°6 

Input High Voltage 
(All Except XTAL 1, XTAL 2) VIH1 3.0 VCC V VCC = 5.5V ± 1V 

Output Low Voltage VOL 0.45 V IOL = 1.6 mA 

Output Low Voltage 

IP10. P11) VOL1 2.5 V IpL = 7 mA 

Output High Voltage 
(AII Unless Open Drain) VOH 2.4 V IOH = 50µA 

Output Leakage Current 
(Open Drain Option -Port 01 

I 
OL

-10 µA VCC%VIN%VSS 
+0.45V 

VCC Supply Current ICC 60 mA 

Ta = 0° C to +70° C: VCC = 5.5V ± t V; VSS = OV 

PARAMETER SYMBOL 

LIMITS 

UN17- TEST CONDITIONS MIN TVP MAX 

Cycle Time TCy 8.36 50.0 µs 3.58 MHz XTAL Q1
for TC~, Min. 

Oscillator Frequency Variation 
(Resistor Model 

GF —20 +20 % F = 2.5 MHz 

Note: 01 Conird outputs: CL = 80 pF; RL = 2.2K/4.3K 

DC CHARACTERISTICS 

AC CHARACTERISTICS 
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µ PD8021 

PIN IDENTIFICATION PIN 

FUNCTION NO. SYMBOL 

1-2, 
26-27 

P20-P23 
(Port 21 

P20-P23 comprise the 4-bit bi-directional I/O port 
which is also used as the expander bus for the 
µPD8243. 

3 PROG PROG is the output strobe pin for the µPD8243. 

4-11 P00-P07 
(Port 01 

One of the two 8-bit quasi bi-directional I/O ports. 

12 ALE Address Latch Enable output lactive-high). Occurring 
once every 30 input clock periods, ALE can be used 
as an output clock. 

13 T1 Testable input using transfer functions JT1 and JNT1. 
T1 can be made the counter/timer input using the 
STRT CNT instruction. T1 also provides zero-cross 
sensing for low-frequency AC input signals. 

14 VgS Processor's ground potential. 

15 XTAL 1 One side of frequency source input using resistor, 
inductor, crystal or external source.lnon-TTL 
compatible VIHI. 

16 XTAL 2 The other side of frequency source input. 

17 RESET Active high input that initializes the processor and 
starts the program at location zero. 

18-25 P10-P17 
(Port 1) 

The second of two 8-bit quasi bi-directional I/O ports. 

28 VCC +5V power supply input. 

FUNCTIONAL DESCRIPTION The NECµPD8021 is a single component, 8-bit, parallel microprocessor using 
N-channel silicon gate MOS technology. The self-contained 1 K x 8•bit ROM, 
64 x 8-bit RAM, 8-bit timer/counter, and clock circuitry allow the µPD8021 to 
operate as a single-chip microcomputer in applications ranging from controllers to 
arithmetic processors. 

The instruction set, a subset of the µPD8048/8748/8035, is optimum for high-volume, 
low cost applications where I/O flexibility and instruction set power are required. The 
µPD8021 instruction set is comprised mostly of single-byte instructions with no 
instructions over two bytes. 
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µ PD8021 
MNEMONIC FUNCTION 

' 
DESCRIPTION D7 Dg 

INSTRUCTION CODE 
D6 Dq D3 OZ Dt Dg CYCLES BYTES 1 

FLAG 
C 

DATA MOVES 

MOV A, =data IAI ~ tlata Move Immediate the specified data into 0 0 1 0 0 0 7 1 2 2 
the Attumulator, d7 dg d5 dq d3 dZ dt dp 

MOV A, Rr IAI ~- IRrI; r= 0- 7 Move the contents of the designated 
registers into the Accumulator. 

1 1 1 1 1 r r r 1 1 

MOV A, @ Rr IAI «. IIRrl1: r = 0 - t Move Indirect [he contents of data 
memory location imo [he Accumulator. 

1 1 1 t 0 0 0 r 1 t 

MOV Rr, =data IRrI - data; r = 0 - 7 Move Immediate the specified data into 1 0 t 1 1 2 2 
the designated register. d7 dg d5 dq dg dZ tl1 d0 

MOV Rr, A IRrI ~- IAI; r= 0- 7 Move Accumulator Contents into the 
designated register. 

1 0 1 0 1 r r r i 1 

MOV @ Rr, A I IRrll ~- IAI; r= 0- 1 Move Indirect Accumulator Contents 
into data mert~ory location. 

t 0 1 0 0 0 0 r 1 1 

MOV @ Rr, =data IlRrll ~--data; r = 0 - 1 Move Immediate the specified data into 1 0 1 1 0 0 0 2 2 
data memory. d7 dg d6 dq d3 dZ d1 dp 

MOVP A, @ A IPC 0 - 71 ~ IAI Move tlata in the current page into [he 1 0 1 0 0 0 t 1 2 1 
IA)~-IIPCII Accumulator. 

XCR A, Rr (AI :. IRrI; r= 0- 7 Exchange the Accumulator antl desig- 
natetl register's contents. 

0 0 1 0 t r r r 1 1 

XCH A, @ Rr IAI ~ IIRrl1; r= 0- t Exchange Indirect contents of Accumu- 
lator and loration in data memory. 

0 0 t 0 0 0 0 r 7 1 

XCHD A, @ Rr (A O - 31 ~ IIRr11 0 - 311: 
r = 0 - 1 

Exchange Indirect 4-bit contents pf 
Accumulator and data memory. 

0 0 1 1 0 0 0 r 1 1 

FLAGS 

CPL C ICI ~ NOT ICI Complement Content of carry bit. 1 0 1 0 0 1 1 1 I 1 

CLR C ICI ~ 0 Clear content of carry bit to 0. 1 0 0 1 0 1 1 t 1 1 

INPUT/OUTPUT 

ANLD Pp, A IPpI ~- IPpI AND IA 0-31 
p = 4 - 7 

Logical and contents of Accumulator with 
designated port I4 - 71. 

1 0 0 t i 1 p p 2 1 

IN A, Pg IAI ~- IPpI: p = 1 - 2 Input data from designated port 11 - 2) 
into Accumulator. 

0 0 0 0 1 0 p p 2 1 

MOVD A, PP IA 0 - 31 ~-- IPpI: p = 4 - 7 
IA 4 - 71'-0 

Move contents bf designated port 14 - 71 
into Accumulator. 

0 0 0 0 t 1 P P 2 1 

MOVD Pp, A IPPI •- A O- 3; p= 4- 7 Move contents of Accumulator ro desig- 
oared Port 14 - 71. 

0 0 i 1 1 t p P t 1 

OR LD PP, A IPpI ~- IPpI OR IA 0 - 31 
p = 4 - 7 

Logical or Contents of Accumulator 
with designated Port 14 - 71. 

1 0 0 0 1 1 p P 1 1 

OUTL Pp, A IPpI ~-- IAI; p= 1- 2 Output contents of Accumulator to 
designated port I7 - 21. 

0 0 1 1 1 0 p p i 1 

REGISTERS 

INC Rr IRrI ~- IRrI + 1; r = 0 - 7 Increment by / coments of designated 
reyistar. 

0 0 0 t 1 r r r 1 1 

INC @ Rr IlRrll ~- IlRrll + 1; 
r = 0 - 1 

Increment Indirect by 1 the contents of 
data memory location. 

0 0 0 t 0 0 0 r 1 1 

SUBROUTINE 

CALL addr QSP11 ~- IPCI, (PSW b - 71 Dell designated Subroutine. alp ag ag 1 0 1 0 0 2 2 

ISPI ~ (SPI + 1 a7 a6 a5 a4 a3 a2 at a0 
(PC8-101-addr8-70 
IPCO-71~addr0-7 
IPC 11) •- DBF 

RET (SPI'- IBPI - 1 
IPCI ~-- IISPII 

Return from Subroutine without restor- 
ing Program Status Word. 

1 0 0 0 0 0 1 1 2 1 

TIMER/COUNTER 

MOV A, T IAI •-ITI Move contents of Timer/Counter into 0 1 0 0 0 0 1 0 1 1 
Acc mulator. 

MOV T, A ITI •-IAI Move eoments of Accumulator imo 0 1 1 0 O 0 1 0 t t 
Timer/Counter. 

STOP TCNT Stop Count for Event Counter. 0 t 1 0 0 1 0 1 1 t 

STRT CNT Start Count for Event Counter. 0 1 0 0 0 1 0 1 t , 

STRT T Stan Count for Timer. 0 1 0 1 0 1 0 1 7 1 

MISCELLANEOUS 

NOP NP Operation performed. 0 0 0 0 0 0 0 0 1 7 

Notes: Q Instruction Code Designations r and p Corm the binary representation of the Registers and Ports involvetl. 
Q The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in. 

03 References to me address and data ere specified in bytes 2 and/or 1 of the instruction. 

® Numeriral,Subseripts apcearing in the FUNCTION cdumn reterertce the specific bits affected. 

Symbol Definitions 

SYMBOL DESCRIPTION 

A The'Accumulator 

addr Program Memory Address 112 bits) 

C Carry Fkg 

CLK Clock Signal 

CNT Event Counter 

D Nibble Designator 14 bits) 

data Number or Expression 18 bits) 

P "In-0age" Operation Designator 

Pp Port Designator Ip = 1, 2 or 4 - 71 

Rr Register Designator Ir = 0, 1 or 0 - 71 

SYMBOL DESCRIPTION 

T Timer 

T1 Txtable Flag 1 

X External RAM 

= Prefix for Immediate Data 

@ Prefix for Indirett Address 

S Program Counter's Current Value 

Ix) Contents of External RAM Location 

(1x1) Contents of Memory Location Addressed 
by the Contents of External RAM Location 

Replaced BV . 
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INSTRUCTION SET µ PD8021 

MNEMONIC FUNCTION DESCRIPTION D7 D6 

INSTRUCTION CODE 
D5 Dq D; OT Dt Op CYCLES BYTES 

FLAG 
C 

ACCUMULATOR 

ADD A, =data IAI ~ IAI +data Add immediare the spec.f ietl Data to the 0 0 0 0 0 0 1 1 2 T 
Accumulator. d7 dg d5 db d3 tlT d1 d0 

Atld A, Rr IAI ~- IAI + IRrI 
for r = 0 - 7 

Add contents of designa[etl register to 
the Accumulator. 

0 1 1 0 1 r r r 1 1 

ADD A, @ Rr IAI ^- IAI + I IRrll 
for r = 0 - 1 

Add Indirect the contents the data 
memory location Lo the Accumulator. 

0 1 1 0 0 0 0 r 1 1 

ADDC A, = tlare IAI ~ IAI +ICI +data Atld immediate with carry the specified 0 0 0 1 0 0 1 1 2 2 
data to the Accumulator. d7 dg d5 dq d; tlT dl d0 

ADDC A, Rr IAI ~- IAI +ICI + IRrI 
fnr r = 0 - 7 

Atld with carry the contents at the 
designated regisrer to the Accumulator. 

0 1 1 1 1 r r r 1 1 

ADDC A, @ Rr IAI ^- IAI +ICI + Ilgrll 
for r= D- 1 

Add indirect with carry the contents of 
Aare memnry l«anon ro the 

0 7 1 1 D 0 0 r 1 1 

Accumulator. 

ANL A, =data IAI ~ IAI AND data Logical and specified Immediate Data 0 1 0 1 0 0 1 1 2 2 
with Accumulator. d7 tl6 d5 dq d; tlT dl dp 

ANL A, Rr IAI ^IAI AND IRfI 
tar r = 0 - 7 

Logical and contents of designated 
regisrer with Accumulator. 

0 1 0 1 1 r r r 1 1 

ANL A, @ Rr IAI ̂ -IAI AND Il Rrll 
for r = 0 - 1 

Logical and Indirect the contents of data 
memory with Accumulator. 

0 1 0 1 0 0 0 r 1 1 

CPL A IAI ~ NOT IAI Complement the contents of the 0 0 1 1 0 1 1 1 1 t 
Accumulator. 

CLR A IAI ~ 0 CLEAR the contents of the Accumulator. 0 0 1 0 0 1 1 1 i 1 

DA A DECIMAL ADJUST the contents of the 0 1 0 1 0 1 1 1 1 1 
Attumulator. 

DEC A IAI —IAI - 1 DECREMENT by 1 the Accumulator's 
contents. 

0 0 0 0 0 1 1 1 1 1 

INCA IAI ~ IAI + 1 Increment by 1 the Accumulator'S 
contents. 

0 0 0 1 0 1 1 1 1 1 

ORL A, =data IAI ~ IAI OR data Logical OR specified immediare data 0 1 0 0 0 0 1 1 2 2 
with Accumulator tl7 dg d5 dq d; tlT d1 tl0 

ORL A, Rr IAI ~ IAI OR IRr) 
forr=0-7 

Logical OR contents of tlesigna[ed 
regisrer with Accumulator. 

0 1 0 0 1 r r r 1 1 

ORL A @ Rr IAI —IAI OR IlRrll 
for r =0 - 1 

Logical OR Indirect the contents of data 
memory location with Accumulator. 

0 1 0 G 0 0 0 r 1 1 

RL A (AN + 11~ IANI 
IADI — IA71 
forty=0-6 

Rotate Accumulator left by 1~bit with- 
out carry. 

1 1 1 0 0 1 1 1 i 1 

RLC A IAN + i) ~- (ANI; N= 0-6 
IA01 —ICI 

Rotate Accumulator left by i-bl[ through 
carry. 

1 1 1 1 0 1 1 1 1 1 

ICI ~ IA71 

RR A (ANI ~- IAN + tl; N= 0-6 
IA71 ~ IA01 

Rotate Accumulator right by 1-bit 
without carry. 

0 1 1 1 0 1 1 1 1 1 

RRCA (ANI ~-IAN +11;N=0-6 
IA71 '- ICI 

Rotate Accumulator right by l -bit 
through carry. 

0 1 1 0 0 1 1 1 1 1 

ICI — IApI 
SWAP A (Aq-7) ~ IAD - 31 Swap the 2q-bit nibbles in the 0 1 0 0 0 1 1 1 1 1 

Accumulator. 

XRL A, =data IAI —IAI XOR data Logical %OR specified immediate data 1 1 0 1 0 0 1 1 2 2 
with Accumulator. d7 d6 d5 dq d; tlT tll tl0 

XRL A, Rr IAI ~ IAI XOR IRrI 
for r = 0 - 7 

Logical XOR Contents of designated 
register with Accumulator. 

1 1 0 1 1 r r r i 1 

XRL A, @ Rr IAI ~ IAI XOR IlRrll 
for r = 0 - 1 

Logical XOR Indirect the contents of tla[e 
memory location with Accumulator. 

1 1 0 1 0 0 0 r 1 t 

BRANCH 

DJNZ Rr, atltlr IRrI ~ Igrl - 1; r = 0 - 7 Decrement the specif led register and 1 1 1 0 1 r r 2 2 
If IRrI * 0 rest contents. a7 a6 a5 aq a3 aT a1 a0 
IPC 0 - 71 —addr 

JC atltlr IPC 0 - 71 •- atltlr if C = / Jump to specifietl address if carry flag 1 1 1 1 0 1 1 0 T T 
IPCI ~- IPCI + 2 if C = 0 is set a7 a6 a5 aq a3 aT a1 a0 

JMP atltlr IPC 8 - 101 —addr 8 - 10 Direct Jump to specified address within al0 e9 aB 0 0 1 0 0 2 2 
IPC 0 - 7) ~ addr 0 - 7 the 2K address block. a7 a6 a5 aq a; aT a1 a0 
IPC 11) ^- DBF 

JMPP @ A IPC 0 - 71 ~- (IAI) Jump indirect to specified adtlress with 
adtlress page. 

1 0 1 1 0 0 1 / 2 1 

JNC addr IPC 0 - 71 ~ addr if C = 0 Jump to specified address if carry flag is 1 1 1 0 0 1 1 0 2 T 
IPCI ~- (PC) +2 if C = 1 low. a7 a6 a5 a4 a3 a2 •1 •0 

JNTi addr IPC 0 - 71 ~ addr if Tt = 0 Jump ro specified adtlress if Test 1 is low. 0 1 0 0 0 1 1 0 2 T 
IPCI ~ (PCI + 2if T1 = 1 a7 a5 a5 aq a3 •2 •t ap 

JNZ addr IPC 0- 71 —atltlr if A= 0 Jump to specified atltlrass it 1 0 0 1 0 1 1 0 2 2 
IPCI ~ IPCI + T if A = 0 Accumularor Is non-zero. a7 a6 a5 aq a; a2 a1 a0 

!TF atltlr IPC 0 - 71 ~ addr if TF = 1 Jump to specified adtlress if Timer Flag 0 0 0 i 0 1 1 0 2 T 
IPCI IPCI+2if TF=O is set to 1. a7 •6 a5 aq a; aT a7 ap 

JTt atltlr IPC 0 - 71 ̂ - addr if T1 = 1 Jump to specif i•d adtlreu if Test 1 is a 1. 0 1 0 1 0 1 1 0 2 2 
IPCI—IPCI+2if T1-0 a7 a6 a5 aq a; aT al ap 

J2 atltlr IPC 0 - 71 ̂ - addr if A = 0 Jump to specified adtlress if Accumulator 1 1 0 0 0 1 1 0 2 T 
(PCI —IPCI + 2 if A = 0 is 0. a7 •6 •5 aq a3 •Z •1 a0 
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µ PD8021 

A 

i -  ~ 

E 

ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX. 

B 2.49 0.098 

C 2.Sa 0.10 

D 0.5±0.1 0.02'-0.004 

E 33.02 1.3 

F 1.5 0.059 

G 2.54 MIN, 0.10 MIN. 

H 0.5 MIN. 0.02 MIN. 

1 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 0.8 

l 13.2 0.52 

+0.10 +0.004 
M 0.25. 0.05 

0'01 
0.002 

0 °  —15°

PACKAGE OUTLINE 
µPD8021C 
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NEC Microcomputers, Inc. 

SINGLE CHIP 8-BIT MICROCOMPUTER 
WITH ON-CHIP A/D CONVERTER 

NBC 
µ PD8022 

DESCRIPTION The NEC µPD8022 is designed for low cost, high volume applications requiring large 
ROM space, analog to digital conversion capability, a capacitive touchpanel keyboard 
interface and/or a power line time base. The µPD8022 satisfies these requirements by 
integrating on onechip, an 8•bit µPD8021 type processor with 2K of ROM, a 2 channel 
8-bit A/D converter, a high impedance comparator input port, and a zero crossing 
detector. 

FEATURES • 8-Bit Processor, ROM, RAM, I/O and Clock Generator 

• Single +5V Supply (4.5V to 6.5V) 

• NMOS Silicon Gate Technology 

• 2K x 8 ROM, 64 x 8 RAM, 26 I/O Lines 

• On Chip 8-Bit A/D Converter with 2 Input Channels 

• 8.3µs Instruction Cycle Timer 

Instructions are a Subset of µPD8048; Superset of µPD8021 

• Internal Timer/Event Counter 

• External and Timer/Counter Interrupts 

• On-Chip Zero-Cross Detector 

• High Impedance Comparator Port with Variable Threshold 

• Clock Generator Using a Crystal or Single Inductor 

• High Current Drive Capability on 2 I/O Pins 

• Expandable I/O Utilizing the µPD8243 

• Available in 40-Pin Plastic Dual-In-Line Package 

PIN CONFIGURATION P2s ~ 
P27 

AVC~~ 
VAREF 

AN1 
ANOC 

AVSS [ 

TO C 
VTH 

Po C P, C 
P2 C 
P3 C 
Pa C 
Ps C 
Ps C 
P7 C 

ALE [ 
T1 C 

VSS C 

] ~cc 
] P25 
] P24 
]PROG 

] P22 

1 
2 
3 
q 
5 
6 
7 

ao 
39 
38 
$7 

36]P23 
35 
34]P21 

8 33 ] P20 
9 32 ] P77 

10 µPD 31 ] P16 
1 1 8022 30 ] P15 
12 29 ] P14 
13 28 ] P13 
1a z7 ] P1z 
15 26 ] P11 
16 25 ] P10 
17 24 ~ RESET 
18 23 ]XTAL 2 
19 22 ]XTAL t 

20 21 ] SUBST 
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µP08022 BLOCK DIAGRAM 

r 

PORT' 0 VTH 

RESET -+ 2048 w 8 64x8 HI~IMPEDANCE 

PROG ~- CLOCKICONTROL MASK ROM RAM COMPARATOR 

ALE f - PROGRAM MEMORY DATA MEMORY PORT 

8-BIT 

PROCESSOR 

INTERRUPT 

LOGIC 

Operating Temperature 

8 BIT 

TIMER/EVENT 
COUNTER 

16 
DIGITAL I;O LINES 

PORT t PORT2 

TWO CHANNEL 
B BIT 

SUCCESSIVE APPROX 
AiD CONVERTER 

ANO AN1 VAREF 

Storage Temperature (Plastic Package)  

Voltage on Any Pin  

Power Dissipation  

Note: ~ With Respect to Ground. 

~_AV CC

f 
AVSS 

0°C to+70°C ABSOLUTE MAXIMUPJI 

-65°C to+125°C RATINGS* 

-0.5 to +7 Volts 

1 Watt 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

`Ta = 25° C 

Ta = 0°C to 70°C, VCC = 5.5V . 1 V, Vgg = OV 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Low Voltage VIL -0.5 0.8 V VTH Floating 

Input Low Voltage 
(Port 01 

VI L1 -0.5 VTH-0.1 V 

Input High Voltage 
(All except XTAL 1, RESET) 

VIH 2.0 VCC V VCC=5.OV 
~- 10% 
VTH Floating 

Input High Voltage 
(All except XTAL 1, RESET) 

VIHi 3.0 VCC V VCC=5.5V 
~ 1V 
VTH Floating 

Input High Voltage 
(Port 01 

VIH2 VTH'0. 7 vCC v 

Input High Voltage 
(RESET, XTAL 1 ) 

VIH3 3.0 VCC V 

Port 0 Threshold Voltage VTH 0 0.4 VCC V 

Output Low Voltage VOL 0.45 V IOL = 1.6 mA 

Output Low Voltage 
(P10,P71) 

VOL1 0.25 V IpL = 7 mA 

Output High Voltage 
(All unless open drain 
option for Port O) 

VOH 2.4 V IOH = 50 µA 

Input Current IT11 IL1 {200 µA VCC 3 VIN 
VSg+0.45V 

Output Leakage Current 
(Open drain option for 
Port 01 

ILO ±10 µA VCC VIN 
~ VSS + 0.45V 

VCC Supply Current ICC 100 mA 

DC CHARACTERISTICS 
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µ PD8022 

PIN IDENTIFICATION PIN 
FUNCTION 

N0. SYMBOL 

8 TO Active low interrupt input if enabled. Also testable using the 
conditional jump instructions JTO and JNTO. 

19 T1 Zero-cross detector input. After executing a STRT CNT instruc-
tion this becomes the event counter input. Also testable using 
the conditional jump instructions JT1 and JNT1. Optional ROPA 
mask pull-up resistor available. 

6 ANO Analog input to the A/D converter after execution of the SEL 
ANO instruction. 

5 AN1 Analog input to the A/D converter after execution of the SEL 
AN1 instruction. 

22 XTAL 1 Input for internal oscillator connected to one side of a crystal or 
inductor. Serves as an external frequency input also (Non-TTL 
compatible VIHI• 

23 XTAL 2 Input for internal oscillator connected to the other side of a 
crystal or inductor. This pin is not used when employing an 
external frequency source. 

37 PROG Strobe output for the µPD8243 I/O expander. 

18 ALE Active high address latch enable output occurring once every 
instruction cycle. Can be used as an output clock. 

24 RESET Active high input that initializes the processor to a defined 
state and starts the program at memory location zero. 

40 VCC +5V power supply. 

3 AVCC +5V A/D converter power supply. 

20 VSS Power supply ground potential. 

7 AVSS A/D converter power supply ground potential . Sets conversion 
range lower limit. 

4 VAREF Reference voltage for A/D converter. Sets conversion range 
upper limit. 

9 VTH Port 0 comparator threshold reference input. 

21 SUBST Substrate connection used with bypass capacitor to VSS for sub-
strate voltage stabilization and improvement of A/D accuracy. 

10-17 P00-P07 Port 0. 8-bit open drain I/O port with comparator inputs. The 
reference threshold is set via VTH. Optional ROM mask pull-up 
resistors available. 

25-32 P10-P17 Port 1. 8-bit quasi-bidirectional port. TTL compatible. 

1-2 
33-36 
38-39 

P20-P27 Port 2. 8-bit quasi-bidirectional port. TTL compatible. P20-P23 
also function as an I/(1 expander port for the µPD8243. 
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µ PD8022 
Ta = 0'"C to 70°C, VCC = 5.5V ± t V, Vgg = OV 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

CVcte Time tCy 8.38 50.0 µs 3.58 MHz XTAL 
for t0V min. 

Zero-Cross Detection 
Input(Ttl 

VTf 1 3 VACpp AC coupled 

Zero-Cross Accuracy AZC ±135 mV 60 Hz Sine Wave 

Zero-Cross Detection 
Input FrequencylTil 

FTC 0.06 1 kHz 

Port Control Setup 
Before Falling Edge of 
PROG 

tCp 0.5 µs tCy = 8.38 µs, 
CL = 80 pF 

Port Control Hold 
After Falling Edge of 
PROG 

tpC 0.8 µs tCy = 8.38 µs, 
CL = 80 pF 

PROG to Time P2 Input 
Must be Valid 

ipR 1.0 µs tCy = 8.38 µs, 
CL = 80 pF 

Output Data Setup Time tpp 7.0 µs tCy = 8.38 µs, 
CL=80pF 

Output Data Hold Time tpp 8.3 µs 1Cy = 8.38 µs, 
CL=80pF 

Input Data Hold Time tpF 0 150 µs tCy = 8.38 µs, 
CL=80pF 

PROG Pulse Width tpp ~ 8.3 us tCy = 8.38 µs, 
CL =80DF 

ALE to Time P2 Input 
Must be Valid 

tpgL
~ 

3.6 µs 
~ 

tCy = 8.38 µs, 
CL = 80 pF 

Output Data Setup Time tpL 0.8 µs tCy = 8.38 µs, 
CL=80pF 

Output Data Hold Time tLp 7.6 µs tCy = 8.38 µs, 
CL=80pF 

Input Data Hold Time tpFL 0 µs tCy = 8.38 µs, 
CL=80pF 

ALE Pulse Width tLL 3.9 23.0 µs tCy = 8.38 µs 
for min. 

ALE 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 
INPUT 

PROG 

PORT 2 TIMING 

AC CHARACTERISTICS 

TIMING WAVEFORM 
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µ PD8022 
A/DCONVERTER Ta =o°C to 70°C,VCC =5.5V±1V,VSS =OV,AVCC =5.5V~1V,AVSS =ov 

CHARACTERISTICS A~cci2 ` VAREF~AVCC 

PARAMETER SYMBOL 
LIMITS 

UNITS 
TEST 

CONDITIONS MIN TVP MAX 

Resolution 8 BITS 

Switch Point Accuracy ASP +.''/x LSB O7 

Absolute Accuracy Aqg -1 LSB 

Sample Setup Before 
Fal ling Edge of ALE 

tgg 0.20 tCY 

Sample Hold After 
Fall ing Edge of ALE 

tSH 0.10 tCy ~1

Input Capacitance 
IANO, AN1) 

Cqp 1 pF 

Conversion Time tCNV 4 4 tCY 

Conversion Range AVSS VAREF V 

Reference Voltage VAREF AVCC;2 AVCC V 

Note: U  The analog signal on ANO and AN1 must remain constant during the sample time 

i SS ~ tSH' 

TIMING WAVEFORM 

FF 

rFE— 

Q Fp— 

G 03 

p 02 

01 

ALE 

ANALOG 
INPUT 

~ Lsa 
_--..I 

r --r 
t t 

r- I t_ 1 
I t
r t 

~-J SWITCH POINT 
—~—I ACCURACY 

r-
t 
I 

r 
I I t 
t  t

I 

IDEAL TRANSITION 

t 2 
256 256 

ANALOG INPUT IOF FULL SCALEI 

3 253 254 255 FS 
256 256 256 256 

APJALOG INPUT 
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µ PD8022 

The instruction set of the µPD8022 is a subset of the µPD8048 instruction set except 
for three instructions, SEL ANO, SEL AN1, and RAD, which are unique to the 
µPD8022. The µPD8022 instruction set is also a superset of the µPD8021, meaning 
that the µPD8022 will execute ALL of the µPD8021 instructions PLUS some 
additional instructions which are listed below. For a summary of the µPD8021 instruc-
tion set, please refer to that section. Symbols used below are defined in the same man-

ner as in that section. Also note that the instructions listed below do not affect any 

status flags. 

INSTRUCTION SET 

MNEMONIC FUNCTION DESCRIPTION 

INSTRUCTION CODE 

CYCLES BYTES D~ Dg D5 Dq D3 D2 Dt DO 

JTO addr (PCO-~) -addr if 
TO = t 
(PCI ~- IPCI + 2 
if TO=0 

Jump to specified address if 
TO is high 

0 

a~ 

0 

ag 

1 

ag 

1 

aq 

0 

a3 

1 

ay 

1 

at 

0 

a0 

2 2 

' 

JNTO addr (PCO-~) ~- addr if 
TO = 0 
(PC) ~- IPCI + 2 
ifT0=1 

Jump to specified address if 
TO is low 

0 

a~ 

0 

ag 

1 

a5 

0 

aq 

0 

ag 

1 

a2 

1 

ai 

0 

a0 

2 2 

RAD IA1 ~- (CRR) Move to A the contents of 
the A/D conversion result 
register (CRR) 

1 0 0 0 0 0 0 0 2 1 

SEL ANO Select ANO as the input 
for the A/D converter 

1 0 0 0 0 1 0 1 1 1 

SEL AN1 Select AN1 as the input 
for the A/D converter 

1 0 0 1 0 1 0 1 1 1 

EN I Enable the external 
interrupt input TO 

0 0 0 0 0 1 0 1 t 1 

DIS 1 Disable the external 
interrupt input TO 

0 0 0 1 0 1 0 1 1 1 

EN TCNTI Enable internal timer/ 
counter interrupt 

0 0 1 0 0 1 0 1 1 1 

DIS TCNTI Disable internal timer/ 
counter interrupt 

0 0 1 1 0 1 0 1 1 1 

R ETI ISPI ~ 19P1 - 1 
IPCI ~ IISPI) 

Return from interrupt and 
reenable interrupt input 
logic 

1 0 0 1 0 0 1 1 2 t 

Plastic 

ITEM MILLIMETER6 INCHES 

A 51.5 MA% 3.039 MAX 

B 163 OON 

C 3.51 X0.1 0.191 0.001 

0 0.5' 0.1 0.019' 0.001 

E 19.36 1.9 
F 1.3 MIN O.GI]MIN 

G 3.51 MIN 9.10 MIN 

H 0.5 MIN 0.019 MIN 

I 5.33 MA% O.M6 MAX 
~ 5.]2 MA% 0.225 MAX 

X 15.N 0.600 
~ 13.3 0.530 

~o.l .O.Oa 
M 0.35 

0.05 ~ 0.010. 0.003 

PACKAGE OUTLINE 
µPD8022C 

8022DS-12-80. CAT 
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NEC ~f'licrocomputers, Inc. 

DESCR IPTION 

FEATURES 

PIN CONFIGURATION 

i7 ~~ 

µ PD8041 

UNIVERSAL PR<)GRAMMABLE PERIPHERAL 
INTERFACE - 8-BIT MICROCC3MPUTER 

The µPD8041 is a programmable peripheral interface intended for use in a wide range 
of microprocessor systems. Functioning as a totally self-sufficient controller, the 
µPD8041 contains an 8-bit CPU, 1 K x 8 program memory, 64 x 8 data memory, 1/0 
lines, counter/timer, and clock generator in a 40-pin DIP. The bus structure, data regis-
ter, and status register enable easy interface to 8048, 8080A, or 8085A based systems. 

• Fully Coihpatible with 8048, 8080A and 8085A Bus Structure 
• 8-Bit CPU with 1 K x 8 ROM, 64 x 8 RAM, 8-Bit Timer/Counter, 18 I/O Lines 

• 4-Bit Status and 8-Bit Data Register for Asynchronous Slave-to-Master Interface 
• Interrupt, DMA, or Polled Operation 
• Expandable I/O 
• Two Interrupts 
• 40-Pin Plastic or Ceramic DIP 

• Single +5V Supply 

TO 

X1 

X2 

RESET 
SS 

CS 

EA 

RD 

AO 

WR 

SYNC 

Op 

D1 

D2 

D3 

Dq 

D5 

Dg 

D7 

uSS 

16 

t7 

18 

19 

20 

µPD 

B041 

an 
39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

ACC 
T1 

P27 

P26 

P25 

P24 

P17 

P16 

P15 
P14 

P13 

P12 

P11 

P10 

ADD 
PROD 

P23 

P22 

P21 

P20 
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NP PD8041 BLOCK DIAGRAM 
CRVBTAL. LO.OR CLOCK 

t } REST PROD 55 SYNC EA 

TIMING 

MASTER SV STEM INTERF ALE PERIPRERAL INTERFACE 

b 
CB 

Rp 
wR 

CONTROL LOGIC 

ACCUMULATOR 

DECODER 
N  

DpOt

L 

DATA BUS 
BUFFER 
REGISTER 

STATU 5 
REGISTER 

PROGRAM 
STATUS 

ITIONAL CO
BRANCN 
LOGIC 

eBIT 
TIMER/ 

EVENT COUNTER 

n n' 

P BU51

PORT t-) 
a NDER 

NTER FACE 

BUFFER 

B~BIT INTERNPL BUS 

PROGRAM 

RESIDENT 
PROM 

PROGRAM MEMORY 
pN~6 

POWER -f v~v•SV SU P
EL vsTANoev 

L ~ GROUND 

Operating Temperature   0°C to +70°C 

Storage Tempelauue (Ceramic Package)   - 65°C to+250°C 

Storage Tempel ature (Plastic Package)   - 65°C to +125~C 

Voltage on Any Pln   - 0.5 to +7 Volts 

Power Dissipation 1  5 Watt 

COMMENT Stress ahOve those I,sred under "Absolute Maximum Rabngi' may cause permanent 

damage to the device. ih,s Is a stress rating only and funct,onal operation of the device at these or 

any other conditions above those indicated in the operatwnal sections of this specification is not 

implied. Exposure to absolute maximum rating condrtwns for extended periods may affect device 

rellabll it y. 
Note. Qt Wlth .aspect to ground. 

'T a = 25"C 

Ta = 0"C to ~ 70"C; VDO =VCC `+5V ~ 10%: V55 = OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TVP MAX 

Input Low Voltage 
(All except X1 and X21 

VIL -0.5 +O.S V 

Input Low Voltage VIL( -0.5 0.6 V 
(Xl and X2, RESET) 

Input High Voltage VIH 2.0 VCC V 
(All except Xl, X2, RESET) 

Input High Voltage VIH( 3.8 VCC V 
1X2, X2, RESET 

Output Low Voltage 

(Dp-D7, SYNC) 

VpL 0.45 V IOC = 2.0 mA 

Output Low Voltage 
(All other outputs except PROGI 

VpLI 0.45 V IOC = t.0 mA 

Output low Voltage (PROGI VpL2 0.45 V IpL = 1.0 mA 

Outpu[ Hiph Voltage (Dp-D71 VOH 2.4 V IOM =-400 µA 

Output High Valtape 
(All other outputs) 

VDHI 2.4 V IDH =-50µA 

Input Leakage Current 
(T0, Tl, PD, WR, CS, EA, Ap) 

IIL :10 µA VSg C VIN e 

VCC 

Output Leekaga Current 
(Dp-D7; Hlgh Z Sutal 

IDL x10 µA Vgg+0.45 < 

VIN c VCC 

Vpp Supply Current Ipp 15 mA 

Total Supply Current IOC+ Ipp 135 mA 

Low Input Source Current 

(P70-P77: P20-P27) 

ICI 0.5 mA VIL=O.SV 

Low Input Source Current 
(SS; RE$~1 

IL11 0.2 mA VIL-O.SV 

V 

BTAC 

REGISTER BANK B 

DATA MEMORY 

RESRIDMNi 

H.e 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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f,tPD8041 
PIN IDENTIFICATION PIN 

NO. SYMBOL FUNCTION 

1,39 Tp, T1 Testable input pins using conditional transfer functions 
JTO, JNTO, JT1, JPJT1. T1 can be made the counter/ 
timer input using the STRT CNT instruction. 

2 X1 One side of the crystal input for external oscillator or 
frequency source. 

3 

~4

~ X2 The other side of the crystal input. 

RESET Active-low input for processor initialization. RESET is 
also used for power down. 

5 SS Singie Step input (active-local. SS together with SYNC 
output allows the µPD8041 to "single-step" through 
each instruction in program memory. 

6 CS Chip Select input (active-low). CS is used to select the 
appropriate µPD8041 on a common data bus. 

7 EA External Access input (active-high) is used for ROM 
verification. 

8 RD Read strobe input (active-low). RD will pulse low 
when the master processor reads data and status 
words from the DATA BUS BUFFER or Status 
Register. 

9 ~ Ap Address input which the master processor uses to 
indicate if a byte transfer is a command or data. 

10 WR Write strobe input (active-low). WR will pulse low 
when the master processor writes data or status words 
to the DATA BUS BUFFER or Status Register. 

11 SYNC The SYNC output pulses once for each µPD8041 
instruction cycle. It can function as a strobe for 
external circuitry. SYNC can also be used together 
with SS to "single-step" through each instruction 
in program memory. 

12-19 DO-D7 BUS The 8-bit, bi-directional, tri-state DATA BUS BUFFER 
lines by which the µPD8041 interfaces to the 8-bit 
master system data bus. 

20 VgS Processor's ground potential. 

21-24, 
35-38 

P20-P27 PORT 2 is the second of two 8-bit, quasi-bi-directional 
I/O ports. P20-P23 contain the four mos! significant 
bits of the program counter during external memory 
fetches. P20-P23 also serve as a 4-bit 1/O bus for the 
µPD8243,INPUT/OUTPUT EXPANDER. 

25 PROG Program Pulse. PROG is used as an output strobe for 
the µPD8243. 

26 VDD VDD is +5V for normal operation of the µPD8041. 
Vpp is also the Low Power Standby input. 

27-34 Ptp-Pt7 PO R'7 1 is the first of two 8-bit quasi-bi-directional 

I/O ports. 

40 VCC Primary power supply. VCC must be +5V for the 
operation of the µPD8041. 
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µ PD8041 
Ty = 0° C to +70° C; V DD = V CC = ~ 5 V ; V gg = 0 V 

PARAMETER SYMBOL 

LIMITS 

UNITS 
TEST 

CONDITIONS MIN MAX 

DBB READ 

CS, AO Setup to RD 1 tAR 0 ns 

CS, AO Hold after RD T tRA 0 ns 

RD Pulse Width tRR 250 ns tCy = 2.5µs 

CS, AO to Data Out Delay tqp 150 ns 

RD 1 to Data Out Delay tRp 150 ns 

RD T to Data Float Delay tpF 10 100 ns 

Recovery Time between tRV 1 µs 
Reads and/or Writes 

Cycle Time tCy 2.5 µs 6 MHz Crystal 

DBB WRITE 

CS, Ap Setup to W R 1 tqy~ 0 ns 

CS, AO Hold after WR T tWA 0 ns 

WR Pulse Width t1NW 250 ns tCy = 2.5 µs 

Data Setup to WR T tpW 150 ns 

Data Hold after WR T tyyp 0 ns 

The µPD8041 is a programmable peripheral controller intended for use in master/slave 
configurations with 8048, 8080A, 8085A, 8086 as well as most other 8-bit and 16-bit 
microprocessors. The µPD8041 functions as a totally self-sufficient controller with its 
own program and data memory to unburden the master CPU effectively from I/O 
handling and peripheral control functions. The µPD8041 is an intelligent peripheral 

device which connects directly to the master processor bus to perform control tasks 
which offload main system processing and more efficiently distribute processing 
functions. 

t5 Ap 

DATA Bus 
IOUTiUTI 

~s ro

DATq BUS 
I INRUTI 

AC CHARACTERISTICS 

FUNCTIONAL 
DESCRIPTION 

READ OPERATION —DATA BUS BUFFER REGISTER TIMING WAVEFORMS 

 X 

~. RA~y 
RR— 

--III 

~RD--~ ~►- IDF 

DATA VALID 

WRITE OPERATION —DATA BUS BUFFER REGISTER 

DATA CAN CRANG 

 x 

s--~~OW--a ►tWD~ 

DATA CAN CRANG 

SYSTEM 

ADDRESS BUS 

READ CONTROL 

5 STEM 

ADDRESS BUS 

WRITE CONTROL 
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INSTRUCTION SET µ PD8041 

MNEMONIC FUNCTION DESCRIPTION 07 D5 

INSTRUCTION CODE 

D5 Da D3 DZ DI Dp CYCLES BYTES 

FLAGS 

C AC FO Fl IBF OBF 

ACCUM 4ATOR 

ADD A, = dnta 

ADD A, R. 

ADD A, @ Rr 

ADUC A, =data 

A DDC A, qr 

ADOC A, @ Rr 

ANL A, =data 

ANL A, Rr 

ANL A, @ Rr 

CPL A 

CLR A 

DAA 

DECA 

INCA 

ORL A, =data 

ORL A, Rr 

ORL A, @ Rr 

RL A 

RLC A 

RR A 

RRC A 

SWAP A 

%RL A, =data 

%RL A, Rr 

%RL A, @ Rr 

iAl ~ I AI a Oata 

IAI - IAI a IRrI 
for r = 0 - 7 

IAI . IAI a IIR.11 
for r - 0 1 

IAI - IAI a ICI +data 

IAI - IAI +ICI + IRrI 
for r = 0 7 

141 IAI +ICI + IIR.11 
m, r • 0 1 

IAI - IAI AND tlata 

IAI -IAI AND IRrI 
lor. = 0 7 

IAI ~- IA! AND IIR111 
for r = 0 1 

IAI -NOT IAI 

IAI - 0 ~ 

IAI - IAI t 

IAI - IAI r 1 

Iql ~ IAI OR data 

IAI - IAI OR IRrI 
for r = 0 ] 

IAI - IAI OR IlRrll 
for r = 0 t 

IAN + 11 - IANI 
IA01-IA ) 1 
farN=0 6 
IAN a 11 - IANI: N= 0 6 
IA01 - ICI 
ICI IA]I 

IANI - 14N + 11: N= 0 6 
IA)1 - IA01 

IANI -IAN . 11: N= 0 6 
IA)1 ~ ICI 
ICI- IApI 

IA0.)1 •~ IAD 7! 

IAI - IAI XOR data 

IAI -IAI %OR IRrI 
torn = 0 - ] 

IAI - IAI XOR IlRrll 
for r = 0 - 1 

Add Immediate the spttdkd Data to the 
Accumulator. 

Atld contents OI tlesiynatetl reguter to 
ma Accumulato.. 

Atld Induect the contents the data 
memory location t0 the Accumulator. 

Adtl Immediate wim carry the sOttibed 
data to the Accumulator. 

Add won carry me contents of the 
tlesignatetl registe. to the Accumulator. 

Add Indirect with carry the Contents of 
Bala mempry lotal,on tome 
Accumulator. 

Logical and specdilN Immediate Oata 
witn Accumulator. 

Logical antl contents of tles~gnated 
.egister w~lh Accumulator. 

Logual and Induect me contents of data 
memory with Accumulator. 

Complement the contents of me 
Accumulator. 

CLEAR me contests p1 the Aaumulator 

DECIMAL ADJUST me contents al lne 
Attumulasor. 

DECREMENT nyl lne accum~laters 

Increment byl ine accumulators 

Logical OR or specfied immedwte data 
with Accumulator 

Logical ORcontents of tlesignatetl 
register with Accumulatnr-

lage;al OR Intluttt the contents of tlata 
memory location wim Accumulator. 

Rotate Accumulator lelt by I~bu without 
carry. 

Rotate Accumulator lelt by I~bu tnrougn 
carry. 

Rotate Accumulator rignl by 1-bu 
wilnout <a v 

Rotate Accumulator r~gnt by t~bu 
tnrpug <a v 

Swap Ine Tq-bit nibbles in the 
ACtumulatpr. 

Logical XOR spttdied immetliate data 
w~tn Accumulator. 

Loylcal %OR contents of tlesignaud 
register with Accumulator. 

Logical %OR Intluttt me contents of data 
memory Ipcatron wpm Accumulator 

0 
a7 

0 

0 

0 
d] 

0 

0 

0 
d7 
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0 

0 

0 

0 

0 

0 
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tl] 
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I 
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I 
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I 

t 

BRANCH 

OJNZ Rr, atltlr 

JBb ode. 

JC atldr 

JFO add 

JFl addr 

JMP atldr 

JMPP @ A 

JNC addr 

JNIBF addr 

JOef 

IRrI ~ IRrI - 1; r = 0 - 7 
II IRrI s 0: 
IPco n—atle. 
IPc o - n — assn d Bb = 1 
IPCI • IPCI + Z d Bb • 0 

IPC 0 - 71 -add if C = 1 
IPCI -IPCI . 2.f C = 0 

IPC O 71 - atltlr d F0 = 1 
IPCI -IIPCI a 1 d FO = 0 

IPC 0 - ]) -addr if F 1 1 
IPCI • IPCI a 2 d F 1 • 0 

IPC 8 - 101 - addr 8 ~ f0 
IPC 0 - 71 - setlr 0- 7 
IPC 111 • DBF 

IPC 0- 71 ~ IIAII 

IPC 0 - 71 ~ atltlr it C = 0 • 
IICI ~ IPCI a 2 it C = 7 

IPC 0- 71 ~ atldr ii IBF = 
IPCI ~ IPCI * 1 if IBF = 1 

IPC 0 - 71 « addr if OBF = 1 
1nC1 - 1PC1 +] it OBF o 

Dttr<ment the specditM regster and 
test contents. 

mmp tp :vttdlee address n 
Accumulator bit n ul. 

Jump to sptt~l.etl address ii carry flag 
is ut. 

Jump to specified atldress d Flag FD ~s 
ut. 

Jump to specd~ed adtlress if Flag Flu 
t 

Onttt Jump to spttibetl address wrtMn 
me 7K address block. 

Jump intluect to specifietl address wlm 
with adtlresi pa¢. 

Jump to spacititM atldrns ii carry flap if 
low. 

Jump to spttiiiM aedrns If input Ouf}n 
full flap is low. 

Jump to Rsecil i•d atldrns if output 
button foil ag Hr. 
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N, PD8041 INSTRUCTION SET (CONY.) 

MNEMONIC FUNCTION D7 DS 

INSTRUCTION CODE 

D5 Dq D3 Dz DI DO CYCLES BYTES 

FLAGS 

C AC FO Fl IBF OBF 

BRANCH ICONT.I 

JN TO addr 

JNTt add' 

JNZ add. 

JTF and. 

JTO aMi 

Ji1 addr 

JZ adtlr 

IPC 0 ~ ]1 • addr it TO - 0 
IPCI IPCI + 1 if TO = 1 

IPC 0 - ]I -ader rl TI = 0 
IPCI ~ IPCI a 2 rf T1 = I 

IPC 0~ 71 -addr rf A• 0 
IPCI ~ IPCI + 7 rf A = 0 

IPC 0 71 -seer it TF = 1 
IPCI ~ IPCI a 2d TF = 0 

IPC 0 - 71 ̂ addr it TO = 1 
IPCI^IPCI+1d TO=0 

(PC 0 71 ^addr it Tl = 1 
IPCI - IPCI a 2 rl Tt = 0 

IPC 0- 71 -- addr if A = 0 
IPCI - iPCI r Z.f A ~ 0 

Jump tp spec if red address if Test 0 rs law. 

JumO sp specified address d Tess 1 rs low. 

Jump so specriretl address d accumulasor 
is non zero. 

Jump to specriretl address if Timer Flag 
rs set to t. 

Jump to spec if red address ii Test 0 is a 1 , 

Jump to specdied address rl Test I is a t. 

Jump to specified atldress if Accumulate, 
is 0. 

0 
a7 
0 

aJ 

t 
a] 

0 
a7 

0 
a7 

0 
a] 

1 
a7 

0 
a6 

1 
a6 

0 
a6 

0 
a6 

0 
a6 

i 
a6 

1 
a6 

1 
a5 

0 
i5 

0 
a5 

0 
a5 

1 
a5 

0 
a5 

0 
a5 

0 
aq 

0 
aq 

1 
aq 
1 
aq 

1 
aq 

1 
aq 

0 
aq 

0 
a; 

0 
a3 
0 
a; 

0 
a3 

0 
a; 

0 
a; 

0 
a3 

1 
a2 

I 
a2 
t 

a2 

I 
a] 

1 
a2 

1 
a2 

1 
a2 

1 
at 

1 
a1 

t 
at 

t 
ai 

1 
at 

1 
at 

s 

0 
a0 

0 
a0 

0 
a0 

0 
a0 

0 
a0 

0 
a0 

0 
ap 

2 

7 

2 
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J 

1 

Z 

2 

2 

2 

CON7 ROL 

EN I 

DIS I 

SE L R00 

$EL R81 

1851 - 0 

IR51 ~ t 

Enable the External Imeriups inpvs. 

Disable she Eaternar lnserrupt input 

Select Bank O Ilacasions 0- ]1 pi Data 
Memory. 

Selecs Bank t Ilocat~ons 2q 311 of 
Dasa Memory. 

0 
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t 

1 
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I 

t 

DATA MOVE$ 

MOV A. =data 

MOV A, Rr 

MOV A, @ Rr 

MOV A, PSW 

MOV Rr, =data 

MOV Rr, A 

MOV @ Rr. A 

MOV @ Rr, v data 

MOV PSW. A 

MOVP A, @ A 

MOVPJ A. @ A 

XCH A, Rr 

%CH A, @ Rr 

XCHD A.@Rr 

IAI - eats 

IAI - IRrI, r = 0 - ] 

IAI - Il Rrll; r = 0 t 

IAI - IPSWI 

IRrI - data: r = 0 -) 

IRrI ^ IAI; r= 0-] 

IlRrll -IAI:. - 0 1 

IlRrll - data. r - 0 - 1 

IPSWI -IAI 

IPC O 71 -IAI 
IAI • IIPCII 

IPC 0- ]I -IAI 
IPC R 101 -Ott 
IAI • IIPCII 

IAI « IR11: r= 0- 7 

IAI .' IIRrl1: r = 0 - 1 

IA0-JI :IIRrll O-JII: 
r - 0 _ t 

Move Immetl~ate sne specrf red data rnso 
sne 4ccumulator 

Move she contents of the eesignasee 
registers mto the Accumulator. 

Move Indirect the contents of tlata 
memory Iocati0n rnt0 the Accumulator. 

Move contents of the Program Status 
Word rnso the Accumulator. 

Move Immetliate the specriretl data rnso 
she desrgnatetl regisser 

Move Accumulator Consents mtp sne 
designated register. 

Move Indirect Accumulator Consents 
mtp tlata memory locatron. 

Move Immediate sne speciiied tlasa rnso 
tlasa memory. 

Move contents of Accumulator into me 
program status wortl. 

Move data rn the cu«ent page into she 
Accumulator. 

Move Program Bata ~n Page 3 rnso the 
Accumulator. 

Exchange the Accumulator antl 
designated register's contents. 

E.change Inerrect contents of Accu mu- 
later ana lotatron rn eats memory. 
Eacnange lndrrecs q-bit contenss of 
Accumulator and data memory. 

0 
d] 

1 

I 

I 

1 
d7 
t 

I 

1 
d7 
t 

1 

1 

0 

0 

0 

0 
d6 

1 

1 

1 

0 
d6 

0 

0 

0 
a6 

t 

0 

1 

0 

0 

0 

I 
d5 

1 

1 

0 

1 
d5 

t 

1 

1 
e5 

0 

1 

I 

I 

t 

1 

0 
dq 

1 

1 

0 

1 
dq 

0 

0 

1 
tlq 

1 

0 

0 

0 

0 

t 

0 
tl; 

1 

0 

0 

t 
d; 

1 

0 

0 
d3 

0 

0 

0 

t 

0 

0 

0 
dz 

r 

0 

1 

e2 

r 

0 

0 
ez 

1 

0 

0 

r 

0 

0 

t 
tli 

r 

0 

1 

tl t
r 

0 

0 
tlt

1 

1 

i 

r 

0 

0 

t 
tl0 

r 

r 

1 

dp 

r 

~ 

e0 

1 

1 

i 

r 

r 

r 

1 

t 

I 

1 

1 

1 

I 

1 

t 

2 

1 

I 

I 

t 

2 

1 

i 

I 

Z 

l 

t 

1 

t 

t 

1 

t 

I 

t 

FLAGS 

CPL C 

CPL FO 

CPL Ft 

CLR C 

CLR FO 

CLR FI 

ICI •~ NOT ICI 

IF01 •-NOT IF01 

IF11 -NOT IF11 

ICI • C 

IF01^0 

IFtI 0 

Complemens Consent of carry bit. 

Complement Content of Flag F0. 

Complement Contens of Flag Ft 

Clear content of carry bd to 0 

Clnr contens ai ftag0 too 

Clear content of Flaplto 0. 

t 

t 

I 

1 

t 

1 

0 

0 

0 

0 

0 

0 

t 

0 

t 

0 

0 

1 

0 

t 

i 

t 

0 

0 

0 

0 

0 

0 

0 

0 

I 

t 

I 

t 

t 

1 

t 

0 

0 

I 

0 

0 

t 

t 

1 

t 

t 

I 

I 

t 

I 

I 

t 

I 

I 

I 

t 

I 

t 

1 
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INSTRUCTION SET (CONY.) Nr PD8041 

MNEMONIC FUNCTION DESCRIPTION D7 D6 

INSTRUCTION CODE 

D5 Da D3 D2 D/ DO CYCLES BYTE$ 

FLAGS 

C AC FO FI IBF OBF 

INPVT/OUTPUT 

ANL Pp, = tlata IPpI ~ IPpI AND Bala Logical and Immediate specified tlata 1 0 0 1 1 0 p p 2 2 
_. 1 2 warn designated Pon It or 21 0] rag d5 dq dJ tl2 d1 tlp 

ANLD Pp. A IPpI - IPpI AND IA 0 
0 a ] 

31 Logkal antl contents of Accumulator 
with tlespnated Dort Ie — 71. 

1 0 0 1 I 1 p p 2 t 

IN A, Pp IAI - IPpI: P' 1 2 Input data tram tles~gnated part I1 21 
into Accumulator. 

0 0 0 0 1 0 p v 2 1 

IN A, DBB IAI —IDBBI Input strobed DBB date into 0 0 1 0 0 0 t 0 I I 
IkcpmulMor and pear IBP 

MOVO A, Pp IA 0 ~~ J7 — IPpI; p - ! 
IA 0 ]I —0 

J Move contents of tles~gnatetl port la JI 
into Accumulator. 

0 0 0 0 1 I 
-

p o 2 1 

MOVO Pp, A IPpI — A O J: D= 4 ) Move contents o1 Accumulator to 
designated port l0 JI. 

0 0 1 1 1 1 p p 1 1 

ORLD PD. A IPp) — IP01 OR IA 0 
p = < J 

31 Logical or contents of Accumulator with 
designated port Ie JI 

i 0 0 0 1 1 p p 1 1 

ORL Pp, =data IPpI • IPpI OR data Logical or Immedwte specil,etl data with 1 0 0 0 1 0 p p 2 2 
p = 1 2 tles~9natetl port 11 21 d] dB tl5 tlA dJ tl2 dl tlp 

OUT DBB, A IDBBI IAI Output contents of Accumulator onto 0 0 0 0 0 0 1 0 I 1 
DBB antl tat OBf. 

OVTL Pp, P IPpI - IAI: p= 1 2 Output contents of Accumulator to 
tles~gnated por[ 11 21. 

0 0 1 1 1 0 D D I I 

REGISTERS 

DEC R. iR~ l iR.i . ~Rii I . . = 0 7 Dec~emenl by I contents of des ~ynaled 1 I 0 0 1 r r 1 t 
,e9~ster 

INC Rr IRrI - IRrI a1. r= 0 7 Increment by 1 cements of des~gnatetl 
reg~sser 

0 0 0 I 1 . r I 1 

i VC .:~. Its IlRrll - IlRrll t; 
r = O I 

Increment Induect by 1 me contents of 
data memory location. 

0 0 0 t 0 0 0 ~ I I 

SUBROUTINE 

CALL atltlr IISPII - IPCI, IPSW a )1 Call designated Subroutine. a10 aq ag 1 0 1 0 0 - 2 

ISPI ISPIr 1 a] a6 a5 a a3 a2 al a0 
IPC 8 101 - atltlr 8 10 
IPCO 71—addr0 7 
IPC 111 - DBF 

RET ISPI • ISPI 1 
IPCI ~ IISPII 

Return Irom Subroutme without 
restoring Program $taws Word. 

I 0 0 0 0 0 I I 2 I 

RETR ISPI - ISPI 1 Return from Subroutine restoring I 0 0 1 0 0 1 I 2 1 
IPCI •- IISPII Prlsgram Status Wortl. 
IPSW 4 ]I - IISPII 

TIMER/COUNTER 

EN TCNTI Enable Insemal interrupt Flag fog 0 0 I 0 0 1 0 i I t 
T~merlCounser ou taus. 

DIS TCNTI Double Inte.nal inter.upt FIe9 fo. 0 0 I 1 0 1 0 I I I 
Timer/Counter output. 

MOV A, T IAI - ITI Move contents o1 Timer/Counte. into 0 1 0 0 0 0 I 0 t 1 
Accumulator. 

MOV T, A ITI - IAI Move content. of Accumulator mw 0 1 1 0 0 0 t 0 t t 
Timer/Counter. 

$TOP TCNT $too Count for Event Counter. 0 1 1 0 0 t 0 I I 1 

$TRY CNT Start Count for Evem Count<r. 0 1 0 0 0 1 0 I I I 

$TRY T $ran Count lo. Timer. 0 1 0 1 0 1 0 I I I 

MISCELLANEOUS 

NOP No Ocentipn perlormed. 0 0 0 0 0 0 0 0 t ~ 

Notes Q  Instruttion Code Designations r and p form the binary representation of the Registers and Ponf inwlved. 

O The tlot under the appropriate flag bit irMicatas that its content is subjett tp change by the instruction it appears in. 

Q Refaronces to the tdtlress and data ere specified in bytes 2 antl or 1 of the instruction. 

Numerlul Subscripts appearing in the FUNCTION column reference the spacifi<bits afiactetl. 

Symbol Definitions: 

SYMBOL DESCRIPTION 

A The Accumulator 
AC The Auxiliary Carry Flag 

addr Program Memory Address (12 bits) 
Bb Bit Designator (b = 0 — 71 
BS The Bank Switch 

BUS The BUS Port 
C Carry Flag 

CLK Clock Signal 
CNT Event Counter 

D Nibble Designator 14 bits) 
data Number or Expression IB bits) 
DBF Memory Bank Flip-Flop 

Fp, Ff Flags 0, 1 
I Interrupt 
P "In-Page" Operation Designator 

IBF Input Buffer Full Flag 

SYMBOL DESCRIPTION 

Pp Port Designator IP = 1, 2 or 4 — 71 
PSW Program Status Word 
Rr Register Designator (r = 0, 1 or 0 — 71 
SP Stack Pointer 
T Timer 

TF Timer Flag 
Tp, T~ Testable Flags 0, 1 

X External RAM 

# Prefix for Immediate Data 
@ Prefix for Indirect Address 
$ Program Counter's Current Value 

(xl Contents of External RAM Location 
(1x1) Contents of Memory Location Addressed 

Dy the Contents of External RAM Location. 
•- Replaced By 

OBF Output Buffer Full 
DBB Data Bus Buffer 
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µ PD8041 

A 

-r-, R - - - -; ~---~-- ~ - 1 e 

~~~ ~:~ I   E D  ~ 

(Plastic) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

8 1.62 0.064 

C 2.54 ± 0.1 0.10 ~ 0.004 

D 0.5 '- 0.1 0.019 ' 0.004 

E 48.26 1.9 
F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

1 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

+ 0.1 a 0.004 
M 0.25 

- 0.05 
0.010 

- 0.002 

J 

G 

(Ceramic) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX. 2.03 MAX. 
6 1.62 MAX. 0.06 MAX. 
C 2.54 « 0.1 0.1 ~ 0.004 

D 0.5 0.1 0.02 0.004 
E 48.26 0.1 1.9 0.004 
F 1.02 MIN. 0.04 MIN. 

G 3.2 MIN. 0.13 MIN. 

H 1.0 MIN. 0.04 MIN. 
I 3.5 MAX. 0.14 MAX. 
J 4.5 MAX. 0.18 MAX. 
K 15.24 TYP. 0.6 TYP. 
L 14.93 TYP. 0.59 TYP. 
M 0.25 0.05 0.01±0.0019 

~-K 
-L 

PACKAGE OUTLINE 
µPD8041C 

µPD8041D 

0-10°
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NEC Microcomputers, Inc. 
NBC 

µPD8041 A 
N,PD8741 A 

UNIVERSAL PROGRAMMABLE PERIPHERAL 
INTERFACE - 8-BIT MICROCOMPUTER 

DESCRIPTION The µPD8041A/8741A is a programmable peripheral interface intended for use 
in a wide range of microprocessor systems. Functioning as a totally self-sufficient 
controller, the µPD8041A/8741A contains an 8-bit CPU, 1 K x 8 program 
memory, 64 x 8 data memory, I/O lines, counter timer, and clock generator in a 

40-pin DIP, The bus structure, data registers, and status register enable easy interface 
to 8048, 8080A or 8085A based systems. The µPD8041 A's program memory is fac-
tory mask programmed, while the µPD8741A's program memory is UV EPROM to 
enable user flexibility. 

FEATURES • Fully Compatible with 8048, 8080A, 8085A and 8086 Bus Structure 
• 8-Bit CPU with 1 K x 8 ROM, 64 x 8 RAM, 8-Bit TimerCounter, 

18 I/O Lines 
• 8-Bit Status and Two Data Registers for Asynchronous Slave-to-Master 

Interface 

• Interchangeable EPROM and ROM Versions 
• Interrupt, DMA or Polled Operation 
• Expandable I/O 

• 40-Pin Plastic or Ceramic Dip 

• Single +5V Supply 

PIN CONFIGURATION T~ 

X1 
X2 

RESET 
SS 

C£ 
EA 

RD 
AO 
WR 

SYNC 
Dp 
D1 
D2 
D3 
O4 
D5 

Dg 
D7 

ASS 

10 
t t 

t? 
t3 
to 

t6 
17 
tc 

19 

2L' 

µPD 

8041 A/ 

8741A 

40 
39 
38 
37 

36 

34 

33 

32 
3t 
30 
79 
22 
~~ 

26 
25 
24 

23 
2c 

27 

~cc 
T1 
P27/DACK 
P26/DRO 
P25/I BF 
Pty/OBF 

P17 

P16 
P15 
P14 
P13 
P12 
P11 
P10 
ADD 
PROD 

P23 
P22 
P2t 
P20 
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µPD8041 A/8741 A 

PIN 

FUNCTION NO. SYMBOL 

1,39 T0, T 1 Testable input pins using conditional transfer functions 
JTO, JNTO, JT1, JNT1. T1 can be made the counter/timer 
input using the STRT CNT instruction. The PROM pro-
gramming and verification on the µPD8741 A uses Tp. 

2 X 1 One side of the crystal input for external oscillator or 
frequency source. 

3 X2 The other side of the crystal input. 

4 RESET Active-low input for processor initialization. RESET is also 
used for PROM programming, verification, and power down. 

5 SS Single Step input (active•lowl. SS together with SYNC out-
put allows the µPD8741 A to "single-step" through each 
instruction in program memory. 

ti CS Chip Select input (active-local. CS is used to select the 
appropriate µPD8041A/8741A on a common data bus. 

7 EA External Access input (active-highl. A logic "1" at this input 
commands the µPD8041A/8741A to perform all program 
memory fetches from external memory. 

8 RD Read strobe input (active-low). RD will pulse low when the 
master processor reads data and status words from the DATA 
BUS BUFFER or Status Register. 

9 AO Address input which the master processor uses to indicate if 
a byte transfer is a command or data. 

10 W R Write strobe input (active-local. WR will pulse low when the 
master processor writes data or status words to the DATA 
BUS BUFFER or Status Register. 

11 SYNC The SYNC output pulses once for each µPD8041A/8741A 
instruction cycle. It can function as a strobe for external 
circuitry. SYNC can also be used together with SS to 
"single-step" through each instruction in program memory. 

12.19 DO-D7 BUS The 8-bit, bi-directional, tri•state DATA BUS BUFFER lines 
by which the µPD8041A/8741A interfaces to the 8-bit 
master system data bus. 

20 VSS Processor's ground potential. 

21-24, 
35.38 

P20-P27 PORT 2 is the second of two 8-bit, quasi-bi-directional I/O 
ports. P20-P23 contain the four most significant bits of the 
program counter during external memory fetches. P20-P23 
also serve as a 4-bit I/O bus for the µPD8243, INPUT/ 
OUTPUT EXPANDER. P24-P27 can be used as port lines or 
can provide Interrupt Request (IBF and OBF) and DMA 
handshake lines (DRG and DACK1. 

25 PROG Program Pulse. PROG is used in programming the µPD8741A. 
IL IS also used as an output Strobe for the µPD8243. 

26 VDD VDD is the programming supply voltage for programming 
the µPD8741A. It is +5V for normal operation of the 
µPD8041A/8741A. VDp is also the Low Power Standby 
input for the ROM version. 

27-34 P10-P17 PORT 1 is the first of two 8-bit quasi-bi-directional I/O ports. 

40 VCC Primary power supply. VCC must be +5V for programming 
and operation of th¢ µPD8741A and for the operation of the 
µPD8041A. 

PtN IDENTIFICATION 
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f,~,PD8041 A/8741 A 

FUNCTIONAL The µPD8041A/8741A is a programmable peripheral controller intended for use 
DESCRIPTION in master/slave configurations with 8048, 8080A, 8085A, 8086 — as well as most 

other 8-bit and 16-bit microprocessors. The µPD8041Al8741A functions as a 
totally self-sufficient controller with its own program and data memory to effectively 
unburden the master CPU from I/O handling and peripheral control functions. The 
µPD8041A/8741A is an intelligent peripheral device which connects directly to the 
master processor bus to perform control tasks which off load main system processing 
and more efficiently distribute processing functions. 

µPD8041 A/8741 A The µPD8041 A/8741A features several functional enhancements to the earlier 
FUNCTIONAL µPD8041 part. These enhancements enable easier master/slave interface and increased 

ENHANCEMENTS functionality. 

1. Two Data Bus Buffers. Separate Input and Output data bus buffers have been 
provided to enable smoother data flow to and from master processors. 

INPUT DATA 

BUS BUFFER 

181 

D 0-D 7 

OUTPUT DATA 

BUS BUFFER 

181 

INTERNAL 
DATA BUS 

2. 8-Bit Status Register. Four user-definable status bits, STq-ST7, have been 
added to the status register. ST4-ST7 bits are defined with the MOV STS, A 
instruction which moves accumulator bits 4-7 to bits 4-7 of the status register. 
STO-ST3 bits are not affected. 

STS STg ST5 STq Ft Fp IBF OBF 

D7 D6 D5 D4 D3 D2 D1 DO 

MOV STS, A Instruction OP Code 90H 

3. RD and WR inputs are edge-sensitive. Status bits IBF, OBF, F 1 and INT are 
affected on the trailing edge at RD or WR. 

RD or WF 
Flags affected 
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~,tPD8041 A/8741 A 

4. P24 and P25 can be used as either port lines or Buffer Status Flag pins. This 
feature allows the user to make OBF and IBF status available externally to 
interrupt the master processor. Upon execution of the EN Flags instruction, 
P24 becomes the OBF pin. When a "1" is written to P24, the OBF pin is 
enabled and the status of OFB is output. A "0" written to P24 disables the 
OBF pin and the pin remains low. This pin indicates valid data is available from 

the µPD8041 AJ8741 A. EN Flags instruction execution also enables P25 indi-
cate that the µPD8041Ai8741A is ready to accept data. A "1"written to P25 
enables the IBF pin and the status of IBF is available on P25. A "0" written to 

P25 disables the IBF pin. 

EN Flags Instruction Op code — F5H. 

5. P26 and P27 can be used as either port lines or~DMA handshake lines to allow 
DMA interface. The EN DMA instruction enables P2B and P27 to be used as 
DRO (DMA Request) and DACK (DMA acknowledge) respectively. When a 
"1" is written to P2g, DRO is activated and a DMA request is issued. Deacti-
vation of DRO is accomplished by the execution of the EN DMA instruction, 
DACK anded with RD, or DACK anded with WR. When EM DMA has been 
executed, P27 (DACK) functions as a chip select input for the Data Bus 
Buffer registers during DMA transfers. 

EN DMA Instruction Op Code — E5H. 

CRv3TAE. RfLOCK 

I 1 
~ T T3TT RRot ss s. rx, EA 

MASTER ST NTERf ACE 

c3 —
M 

gDwR 

of e 

coryrROL lock 

OECODERO C 

iEMGU.TARr 

oo-oT 

n 

DBBOUT 

OBB~ry 

oas 
STATUS 

REGISTER 

MOGRAM 
STATUS 

µPD8041A/8741A 
FUNCTIONAL 
ENHANCEMENTSICONT.) 

BLOCK DIAGRAM 
RFRIRNERAI INTERiwtE 

CONOITIONAI 
uANCN 

.OGK 

aalT 
IYER/ 

VENT COUNTER 

E~B~T INTERNAL BUS 

•~dn 

n 

qRT} 
su 

EUEE R 

pRT A) 
ExfANDFR 
IMEREACE 

hMn ~ 

n 

fMTI 
EUE 

BDffER 

~]

V V 

dIT 
MOGRAM 
COUNTER 

RESIDENT 
RornROM 

MOGRAM MEMORY 
Ioa.a 

vOp ~ HOORAH fOMER SUMIT 

fOWFR VOO ~~ •3v $~/RLT 

vfi ~ UOUNO 

V 
MULTIfLEKER 

REG16TER EA 

3TAD 

REGISTER MNKO 

OATH MEMORY 

RESIDENT 
RAM 
a.a 
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~PD8041 A/8741 A 

ABSOLUTE MAXIMUM Operating Temperature   0°C to+70°C 
RATINGS" Storage Temperature (Ceramic Package)   - 65°C to+150°C 

Storage Temperature (Plastic Package)   - 65°C to +125°C 

Voltage on Any Pin   - 0.5 to +7 Volts 

7  5 Watt 

DC CHARACTERISTICS 

Power Dissipation 

COMMENT Stress above those i~sted under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other condroons above those indicated in the operational sections of this speci}ication is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
rehabdrty. 

Note O7 With respect to ground. 

'T a = 25°C 

Ta : 0'C ~° •70"C: VDD =VCC ` *SV ~ 10%; Vgg = OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Low Voltage 
(All except Xt and X21 

VIL -0.5 +0.8 V 

Input Low Voltage VIL1 -0.5 0.6 V 
IX t and X2, RESET) 

Input High Voltage VIH 2.0 VCC V 
(All except Xt, X2, RESET) 

Input High Voltage VIHt 3.8 VCC V 
IX t , X2, RESET) 

Output Low Voltage 
(DO.D7, SYNC) 

VpL 0.45 V IOL = 2.0 mA 

Output Low Voltage 
(All other outputs except PROG) 

VOLt 0.45 V IpL = 7.0 mA 

Output Low Voltage IPROG) VOL2 0.45 V IOL = 1.0 mA 

Output High Voltage (DO-D71 VpH 2.4 V IOH =--000 µA 

Output High Voltage 
(Alt other outputs) 

Vpl.{t 2.4 V IOH =-50 µA 

Input Leakage Current 
(T0, Tt, RD, WR, CS, EA, A0) 

IIL t10 µA VSS ~ VIN ~ 
VCC 

Output Leakage Current 
(DO-D7; High Z State) 

IOL t10 µA Vgg+0.45 G 

VIN ~ VCC 

Vpp Supply Current Ipp 15 mA 

Total Supply Current tCC+Ipp t25 mA 

Low Input Source Current ILI 0.5 mA VIL=0.8V 

Low Input Source Current IL11 0.2 mA VIL=0.8V 
(SS; RESET) 
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N,PD8041 A/8741 A 

Ta = 0° C to +70° C: V DD =' V CC = +5 V ~ 10%; V gg = O V 

PARAMETER SYMBOL 

LIMITS 

UNITS 
TEST 

CONDITIONS 

µPD8041A µPD8747A 

MIN' MAX MIN ~. MAX 

DBB READ 

C5, Ap Setup to RD 1 tqR 0 60 ns 

CS, Ap Hold after RD-t tRq 0 30 ns 

RD Pulse Width tRR 250 300 2 x tCy ns tCy = 2.5µs 

CS, Ap to Data Out Delay tqp 225 370 ns CL = 150 pF 

RD 1 to Data Out Delay tRp 225 200 ns CL = 150 pF 

RD t to Data Float Delay tpF 100 740 ns 

Cycle Time tCy 2.5 15 2.5 75 µs 6 MHz Crystal 

DBB WRITE 

CS, AO Setup to WR 1 tgyy 0 60 ns 

CS, AO Hold after WR t tWq 0 30 ns 

WR Pulse Width tyyyy 250 300 2 x LCy ns tCy = 2.5 µs 

Data Setup to WR 1 tpyy 150 250 ns 

Data Hold after WR t tyyp 0 30 ns 

~S o~ Pp 

AC CHARACTERISTICS 

READ OPERATION —DATA BUS DUFFER REGISTER TIMING WAVEFORMS 

~► AR~ 

RD 

DATA aU5 
IOUTPUTI 

CS Ap 

IAD 

RD 

WR 

DATA BUS 
IIlMUTI 

-~RAv 

DATA vALiO  ̀✓

WRITE OPERATION —DATA BUS BUFFER REGISTER 

IWW 

DATq CAN CMANO 

f ,WAy 

i WD~ 

DATA CAN CNANG 

SYSTEM 

aDORESS aUS 

READ CONTROL 

SYSTEM 

ADDRESS aUS 

WRITE CONTROL 
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µ,PD8041 A/8741 A 

INSTRUCTION SET 

MNf MONK FUNCTION 

' 

DE6CRIVTION D7 D6 

INSTRUCTION CODE 

OS Oa D7 O= D7 Op CYCLES BYTES 

FLAGS 

C AC FO F1 IRf p8F ST).1

ACCUMt LATOR 

ADD 4. -' a-rla 141 - IAI • tlala Aaa ImmlerFle m! w«n,ea Data to me 0 0 0 0 0 0 1 Z Z 

ADD A, Rr IAI ~ IAI IRrI 
for r • 0 1 

Attumuraror, 

40e tonrems of ees~gnalea reg~sler Io 
Ine Accumuralor. 

tl7 e6 

0 1 

a5 

1 
ea 
0 

e] 
I 

e= 

r 
OI 

r 
ap 
, 1 ~ • 

ADO 4. @ Rr 141 • IAI . IlRrll 
for r = 0 1 

Aee In0~recl Ine Contents Ine tlala 
memorv'locanon to lne Accumulator. 

0 1 1 0 D 0 0 r 1 

ADUC A, = eara IAI ~ IAI •ICI • eels Aee Immeerele wrm carry lne ipec~lrte 0 0 0 1 0 0 1 ~ 
Bala to Ine Accumuralor. a1 e6 e5 eA e] ez et a0 

A DOC A, Rr IAI ~ IAI •ICI • IRrI 
for r = 0 7 

Aee wiln carry Ine contents 01 Ine 
ees~gnaleo rprste• to lne Accumuralor 

0 1 1 1 1 r r t I 

AO('C 4. @ Rr iAl ~ IAI •ICI • Ilprll 
Ior • - 0 + 

Aee Inp~r<Cl w~ln Grry Ine tMtents OI 
tla;a mempry r«al~on Io Ine 

0 1 I 1 0 0 0 r 1 I 

Ac[umuralor. 

ANL A, eara i4r ~ IAI ANO Cdra LOg~cal anC ipecC~ltl Immea~ale Dara 0 0 I 0 0 1 1 2 
w~ln 4ccumu Ulor o1 e6 tl5 ea o7 07 el e0

ANL A, R~ IAI ~ IAI AND IR•I 
lorr ~ 0 1 

Log~car antl contents of eesrgnatea 
.eq.irer w•rn Accumuralor. 

0 1 0 I 1 r r I I 

ANL 4. @ Rr AND IrR•II 
Ior , -101 + 

Logrcar antl me„ect In<cmlenla oI eara 
memo.v w~ln Accumuralor 

0 I 0 I 0 0 0 r 1 

Cvl A rAr ~ NOT rAl Comoremenr me conrenls of me 0 0 I 1 0 I t t t I 

CLR 4 IAr ~ 0 CLEAR the <onrenli ur me 4ccumuratpr 0 0 1 0 0 t 1 1 1 I 

DAA DECIMAL ADJUST me conrenls of lne 0 1 0 1 0• 1 1 I t I 

DFC A IAI ~ rAl 1 DECREMENT nv t Ine azcumulatnr 1 
conrenl 

0 0 0 0 0 1 1 1 1 1 

INCA IAI ~ rAl • t nr ny 1 Ine accum0lalpr s 0 0 0 I 0 1 1 1 1 1 

OE1L A, =eara IAI ~ IAr OR eara Loq cal sOR or ipec~lrea immeerate eale 0 I 0 0 0 0 1 1 z z 
wrtn Aaumurelor e1 e6 e5 aF e7 e7 01 e0 

ORL A, Rr IAI ~ IAI OR rRrl 
Ior r • 0 ) 

Logrtal ORconrents of ees~gnalM 
register w~ln Accumuralor 

0 1 0 0 1 r r I I 

ORL A.@Rr IAI IAI OR IIR•Ir 
1a r • 0 1 

Logxar OR lnerrecl lne contents of eaO 
memo v ocarron wren Accumuralor 

0 1 0 0 0 0 0 r I t 

RL A IAN • 11 ~ rANI 
IA01 •- IA71 
or N.0 6 

Rorare Accumuralor tell by t Orl w~Inour 
ca Y 

1 t t 0 0 t 1 1 t t 

RLC A IAN • II IANI. N- 0 6 
1401 • ICI 

golale 4ttumuralor rely Iw 1 p•1 Inrwgn 
ca v 

1 I I 1 0 1 1 1 I I 

ICI 1471 

RR A IANI ~ IAN • 11. N• 0 6 
IA11 ~ IApI 

Rotate 4ccumurespr ngnr pv I Dn 
w~lnoutt ry 

0 t 1 1 0 1 1 t 1 I 

RRC A IANI -IAN • 11. N• 0 6 Rolale Accumuralo• r,yrt Dv Tpe 0 1 1 0 0 1 1 1 1 1 
1411 ICI Inrougn carry 
I C1 ~ IA01 

$wAp A IAa, 71 ." IAD 71 Swap Ine Iaprl nibpn m lne 0 1 0 0 0 1 1 1 I I 
Accumuralor. 

XRL A ~ Cola IAI ~ IAI XOR eara Log~<al XOR spKeree rmmlerale eara 1 1 0 1 0 0 1 z z 
wrin Accumuralor 07 e6 e5 ea 07 07 et e0 

zRr A. R. IAI~ IAI %ORlprl 
ter r + 0 _ 7 

Logrul xOR Contents of pls~gnFlee 
rlq~sllr wen Accumuralor. 

1 1 0 1 1 . . r 1 I 

xRl A, @ Rr IAI IAI %OR IIRrD 
for r • 0 - 1 

Logical %OR Ine~recl Ine conrenls of eara 
memory «alron wrin Accumuralor 

1 1 0 1 0 0 0 ~ 1 

BRANCN 

DJNI Rr. seer IRrI ~ IRrI 1, r = 0 - 7 Oecremenl me glc~l~M register ane 1 0 1 r r r 1 ] 
11 IRrI e 0 less contents a1) aG a5 +a a7 •I 1 a0 
IFC O 11 - seer 

Jfio ,aa• IFD 0 11 - aed rl Be = 1 hmp ro apecrnee aeeresi n oz np 0 0 0 Z > 
I VCI • IVCI • Z d Bo = 0 Accumuralor on n ¢I. ry a6 ag 

al 

ag a1 a ap 

1C sae• IFC o ~ 11 ~ see rl e • 1 Jump to speceree seems rl carrr Iraq 1 0 0 1 z 

IPCI • IVCI • 7 r1 G ~ 0 n srl. all a6 a5 aF a7 a1 a0 

JF O sad IPC O )I - aeb .I FO - 1 Jump to 1pacrnee aeeran a Flag FO n 0 0 1 0 ] ] 
IFCI • IIPCI • 2 e FO • 0 ul. a1 •6 a5 as aq a1 

al 

sp 

JF 1 aper IFC 0 11 •- sed A f l= 1 Jump to aplc~nFe ae0rna .I F lag F 1 rs o 1 1 0 1 0 1 l 

IKI • IPCI • 3 rl Fl • 0 t a1 a6 a5 N +7 FZ •1 •0 

1Mv sear IK R 101 • seer 8 10 Orrecl Jump to 1pacrlrae aeertss wnM^ a10 aq Fg 0 0 1 0 0 Z z 

IFC 0 - II -Fed 0 - 1 me 7K seeress w«t. y a6 a5 a) F7 a7 al a0 
IFC 111 ~ OBF 

JaaIF P A IFC 0~ 11 . IIAII Jumo ~ner.ecl to apecrlrle seeress wrin 
won seems wqF. 

1 0 1 1 0 0 1 1 Z I 

1NC goer IFC 0- 71 ~ aed rI C• 0 A 
IKI ~ IFCI • 7 rl C . 1 

Jump to apFce•ao tl daR rl carrr llp N 
ow 

1 1 
+F 

t 0 0 
•a 

1 
•a 

1 0 
•0 

7 z 

JMIlF sOOr IFC 0- 11 •- seer r118F = hmp to gcilia0 aeerw rl local oullar l a 1 0 1 0 1 1 0 7 Z 

IKI « IFCI • Z r1 IOF • 1 lull Rp rs low. ry ag F5 y a7 F7 al a0 

JOBF IFC 0 - 71 ~ beer it O!F 1 Jump to paciiiae seems rl w1Wl 1 0 0 0 0 1 1 0 Z 7 

IKI - IICI • I rl O!F • 0 pupae lull Iq• n vl. a7 M s6 Y a] n sl a0 
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N+PD8041 A/8741 A 

INSTRUCTION SET (CONY.) 

MNEMONIC (UNCTION D7 O6 

I NSTRUCTION CODE 

OS O. U3 D= D1 00 CYCLES BYTES 

FLAGS 

C AC f0 F! lef 08F 574.7 

BRAN NICONT.1 

JN to odor 

JNi I am. 

JNt ,tlm 

JiF nen. 

JTO amp 

JTI arter 

u +tldr 

me o n ~ addr a To , o 
IPc, . Iva . j n To - I 

Ivc o n• odor .I n= o 
IPa IPa • • n TI I 

IPc o n• aem a A• o 
IPa IPCI . $.l A = 0 

IPC 0 ]I • add. .l Tf - 1 
IPa ~ IPCI j.I TF • 0 

IPC 0 ]I • addr .1 TO = 1 
IPCI ~ IPCI • $ .l TO • 0 

IPC 0 71 ~ ader ,1 TI - 1 
IPCI ~ IPCI 2.I TI 0 

Ivc o - n • wa .I = o 
IPa IPCt $~I A A O 

Jump w Foes d,ro atlereas a Txl O ~s low 

mmp w +pec,l,ee aamxF l Tx. I ~, low 

Jumo Io spec~l,ed atldresF a accummaw, 
,s non ar.o 

Jumo ,o specil.etl address l T,mer Flag 
s se, lot 

Jump to wec~l,ed adtlrxs .1 ixt 0 ~s a 

Jump ,o tprcil~etl adtlresi .l Tesr I ~a a I 

Jumo ,n +peol,ea aatlrxa a Accumula,or 
.z0 

o 
a $

o 
a] 

I 
+] 

G 
a] 

0 
a] 

0 
a] 

a 

0 
, 6

I 

as 

O 
ab 

0 
a5 

0 
aD 

a5 

aD 

, 5

o 

+$ 

o 
+$ 

0 
a5 

al$ 

0 
a$ 

o 

a5 

0 
as

o 
+e 

I 
ae 

I 
a4 

I 
a4

1 
a4 

o 
a 

0 
a 7

D 
a7

o 
a7 

0 
a7 

0 

+] 

0 
a3 

O 

a] 

a $

I 

+$ 

1 
a$ 

1 
aj 

a7 

+$ 

a$ 

a, 

I 

all
a l

t 
al 

I 

+I 

I 

+t 

t 

o 
,p 

o 
+D 

o 
a0 

0 
ap 

0 

a0 

0 

>0 

o 

a0 

j 

$ 

j 

j 

j 

7 

] 

] 

$ 

$ 

j 

j 

$ 

$ 

CONTROL 

EN i 

Dls I 

SEL RBO 

SEL R81 

EN DMA 

EN FLAG$ 

IBSI ~ 0 

(851 ~ 1 

Enable me E.,er na' Inlerrup, ~^pul 

o,.ao'r rnr f.rernal Inlr u . np„r 

Select Ban 1, 0 uocabona 0 p]I oI Gam 
Memory. 
Select Bank 0 Iloutlons Z4 - 311 of 
Deb Memory 

Enable DMA NandsDake 

Enable Interrupt to Maner Devitt 

0 

o 

I 

1 

1 

1 

0 

0 

t 

1 

1 

1 

0 

o 

0 

0 

1 

1 

0 

I 

0 

1 

1 

0 

0 

o 

0 

0 

0 

0 

I 

, 

t 

1 

i 

1 

0 

o 

0 

O 

0 

0 

, 

I 

I 

1 

1 

1 

I 

, 

I 

1 

1 

1 

I 

, 

t 

1 

1 

1 

DATA MOVE$ 

MOV A. =data 

MOV A. Rr 

MOV A, @ Rr 

MOV <. PSW 

MOV Rr, . Wb 

MOV Rr. A 

MOv @ Rr, A 

MOV @ Rr, r data 

MOV PSW. A 

MOVP A, @ A 

MOVP3 A,@A 

%CR A. Rr 

%CR A. @ Rr 

%CRD A.PRr 

IAI ~ data 

IAI - ;Rrl. r 0 ] 

IAI - IlRrll. r - 0 1 

IAI IPSWI 

IRrI ~ e+la.. - 0 1 

IR.I - IAI. r- 0 ] 

IlRrll - IAI. r- 0 1 

IIRrI l -dab. , - 0 I 

IPSWI ~ ,AI 

IPC 0 71 -IAI 
IAI- IIPCII 

IPCO. ]I-IAI 

IPCB 101•-Oil 
IAI -IIPCII 

IAI ~ IRrI, r . 0 - 1 

IAI = IlRrl 1, r - 0 1 

IAO-31~IIRr110-l11. 
r . p _ I 

Mov metl~ale Ina tpec Ted dara ~^,0 
,ne Accumulalor 

MDvr lne <onrenls of lne tles~gnale0 
reg~slers ~nlo Ina Accumulalor 

More Induecl Ina COn,enta OI data 
memo y ocat~on ,nlO lne Accumulator 

Move con.enit of lne Program $IituF 
Word ~nlo Ina Accumulator 

Mov< Immetl~ale Ina Flaecrl,ee Bata •nlo 
lne des~gnaletl req'sler 

MOre Accumulalor Conlentz •nlo Ina 
ees~gnaletl reg~s,e,

Move lne,recl Accumulalor Contents 
,nor duo memory i«xron 

Move Immed~ale lne Fpec~r~e0 tlala Imo 
Bala memory 

Move conlenlF of Accumulator ,nlo me 
program Flaws word 

Mo•~e dab ~n Ina current page ~nlo lne 
Accumulalor 

Move Program dab in Pagel ~nlo ln< 
AccumuNtor 

Ee<Mnge ine Accumulalor an0 
tlx~gnatee regrater'F conFenls 

E.cnange Intl~recl <onlenlz of Accumu 
lamr ana ,«sl,on .n o+b memory 

E.[nansae lnerreer4D~I cpnlemF of 
Accumulalor aM data memory 

0 
a] 

t 

1 

I 

dl ] 

1 

I 

1 
d] 

! 

I 

1 

0 

0 

0 

0 
tl5 

t 

1 

1 

0 
dD 

0 

0 

0 
tl5 

1 

0 

t 

0 

0 

0 

I 
d5 

1 

1 

0 

1 
d5 

1 

l 

I 
e5 

0 

1 

I 

1 

1 

I 

0 
tl4 

t 

t 

0 

1 

de 

0 

0 

d4 

I 

0 

0 

0 

0 

1 

0 
tl7 

1 

0 

0 

e'7 

t 

0 

0 
tl7 

0 

0 

0 

l 

0 

0 

0 
ej 

r 

0 

I 

r 
d$ 

r 

0 

0 
e$ 

I 

0 

0 

r 

0 

0 

tl l 

0 

1 

r 

Or 

r 

0 

0 
tll

I 

I 

I 

0 

0 

d0 

r 

I 

a0 

ap 

I 

t 

I 

~ 

~ 

~ 

j 

I 

I 

I 

$ 

1 

, 

j 

I 

$ 

7 

1 

t 

I 

j 

I 

I 

I 

$ 

1 

l 

$ 

1 

1 

I 

1 

1 

I 

FLAGS 

CPL C 

CIL f  0 

LPL fI 

ClR C 

CLR fD 

CLR F1 

MOV 575, A 

ICI -NOT ICI 

If 01 -HOT IF01 

IF 11 -NOT IF II 

ICI - C 

If 01-0 

IF11~0 

ST45T7 ~ AI-A7 

Como emenl Conbm of c> r D" 

Canplemanl Conlem of Flag f0 

Compltmenl Conbnl of flagfl 

CINr content of cxry Drt to 0 

Clsr <ontenF of Fleg 0100. 

Clwr wnbnt of Flpl ro O 

Move higD order 0 bits of Accum~ 
ulet« Into abtua rsgistar bib <-7 

I 

t 

1 

1 

t 

1 

t 

0 

0 

0 

0 

0 

0 

0 

t 

0 

I 

0 

0 

1 

0 

0 

1 

1 

t 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

I 

I 

1 

1 

I 

1 

0 

t 

0 

0 

t 

0 

0 

0 

t 

I 

, 

t 

I 

1 

0 

l 

I 

l 

t 

I 

t 

t 

l 

l 

I 

F 

' 

t 

1 
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INSTRUCTION SET (CONY.) 
f,tPD8041 A/8741 A 

MNEMONIC I FUNCTION DESCRIPTIDN 

INSTRUCTION CODE 

D] DS D5 D/ D] D2 D1 DO CYCLES BYTES 

FLAG$ 

C AC FO F1 ISF OBF ST4-] 

INPUT/WT►UT 

ANL Pp. •dab 

ANLD Pp, A 

IN A. DD

IN A, Dae 

MOVO A. Pp 

MO V D PP. 4 

ORLD Pp. A 

OR L PP. v Iota 

OUT OBa. A 

OUTL Pp, A 

tP01 - IPDI AND data 
D 1 2 

IPoI- IPpI AND IA 0 71 
P -a ] 

IAI - IPDI: p = 1 ] 

IAI - IDBaI 

IAO-0I-IPD I:D =1~ ] 
IAI ]1-0 

IPDI •- IPDI OR IA 0 01 
p=9 ] 

1 Ppl -IPDI OR aria 
p - I ] 

IDBBI IAI 

I PpI ~ iAl.p - 1 1 

Logical and Immednte specdied data 
wttn des,gnated port I I or ]I 

LogicY and conbnts of Accumulator 
wiM deagnetM loan N - ]1. 

m eea,gn,ted Da.t It v 
.ntoa Accumulator. 

InW r RrDbed DBB .bb into 
Accumulator and clrr IBF 

Move consents of designated Dort 11 
mto Accumulator 

)1 

Move of Acc Nsor to 
designaoie0 port 19 ]Im 

Logical or consents of Accumulator w,tn 
de:~gnated pea l9 n. 
Logical o, Immemate sprul~ea mta wnn 
designasM pons tl 21 

a tout contents of Accumulator onto 
oee ana oat oeF. 
Out of Accumulator to 
des~gnabanpon tit zl. 

1 0 0 1 1 0 p 
d] I16 d$ d1 d0 dZ d l

0 0 t 1 1 0 1 

0 0 0 0 t 

p 
d0 

0 p p 

0 0 I 0 0 0 1 0 

0 0 0 0 

0 0 1 1 

I D p 

1 0 D 

t 0 0 0 1 1 

I o 
d] da

e o 

o D 
d5 da 

0 0 

I 

d3 

0 

p p 

o p p 
dZ dl dp 

D I 0 

0 o I 1 I 0 v v 

1 

] 

z 

] 

1 

1 

1 

1 

2 

REGISTERS 
DEC Rr IR,I 

INC Rr 

INCPRr 

IRrI ~ IRrl r1 r=0 ] 

IlRrll - IlRrll • I , 
=0 1 

Dec, nt by 1 consents of des~9nated 
reg~sce a

Increment by 1 contents of des~gnate0 

Indirect by I ,ne coments of 

1 1 0 0 I r r 

0 0 0 t 1 

0 0 0 t 0 0 0 

SUBROUTINE 

CALL addr 

RET 

RETR 

115v11 - IPCI. IPSW 9 ]I 

1 sPr- Isvl.l 
IPC 8 101 ~ addr 8 10 
IPCO ]I-addr0 ] 
IPC 1~1- OBF 

ISPI ~ Isvl 1 
IPC1 ~ IISP11 

ISP1 ~ ISDI 1 
i PCI ~- IISP11 
IPSW / ]1 - II$PII 

Call Oes~grate0 Sub,out~ne. 

Ret .n I,om Sun n 
redo ing Program Stasus 

Ret nlrom Sub-cut~ne 
Progra n $satus Woad 

a10 a9 ag I 0 I 0 0 

a] a6 a5 a9 a; a] al a0 

0 0 o D o 

I o 0 1 0 o I 

] 

z 

2 

~::MER/COUNTER 

EN TCNTI 

D15 TCNTI 

Enable lnse,nal n „ps flag lo, 
T~merl Counb~ output. 

D~MDIe Internal interrupt Flac for 
Timer/Counter output. 

0 0 

0 0 

MOV A. T tAl ITI n of Timer/Gaunter into 
s

0 1 
Ac umu Mtor 

MOV T, A ITI IAI Move content: of P<cumulato, into 0 1 
T,mer/Counter. 

$TOP TCNT $lop Count for E.ent Counter 0 1 

STRT ANT Sort Count for Euent Counle,. 0 t 

STRT T Sta.t Count log Times 0 1 

MISCELUNEOUS 

NOP No Operal~on perlormea. 0 0 

I 0 0 t 

1 0 t t 

0 0 0 0 1 0 

1 0 0 0 1 0 

1 0 0 1 0 

0 0 0 I 0 

0 I 0 t 0 

0 0 D 0 0 0 1 1

Notes Ol  Instruction Code Designations r anb p form the binary representation of the Registers and Ports inwlved. 

O2 The dot under the appropriate flag bit intlirates that its content is 5ublect to change bV the instruction it appears In. 

O3  Referentts ro the address and data are specitietl in bytes 2 and dr i of the instruction. 

Q Numerical Subscripts appearing in the FUNCTION column referentt [he specific bits affected. 

Symbol Definitions: 

SYMBOL DESCRIPTION 

A The Accumulator 
AC The Auxiliary Carry Flag 

addr Program Memory Address 112 bits) 
Bb Bit Designator (b = 0 — 71 
BS The Bank Switch 

BUS The BUS Port 
C Carry Flag 

CLK Clock Signal 
CNT Event Counter 

D Nibble Designator 14 bits) 
data Number or Expression IB bitsl 
DBF Memory Bank Flip-Flop 

F0, Ft Flags 0, 1 
I Interrupt 

P "In-Page" Operation Designator 
IBF Input Buffer Full Flag 

SYMBOL DESCRIPTION 

Pp Port Designator IP = 1, 2 or 4 — 71 
PSW Program Status Word 
Rr Register Designator Ir = 0, t or 0 — 71 
SP Stack Pointer 
T Timer 

TF Timer Flag 
Tp, T~ Testable Flags 0, 1 

X External RAM 
# Prefix for Immediate Data 
@ Prefix for Indirect Address 
$ Program Counter's Current Value 

(xl Contents of External RAM Location 
Ilxll Contents of Memory Location Addressed 

by the Contents of External RAM Location. 
~- Replaced By 

OBF Output Buffer Full 
OBB Data Bus Buffer 
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µPD8041 A/8741 A 

A 

} 
 j J 

~~~~~.~~.~ is
J I.~ 

D 

(Plastic) 

0° - 15°

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 
8 1.62 0.064 
C 2.54 ± 0.1 0.10 ± 0.004 

0 0.5±0.1 0.019±0.004 
E 48.26 1.9 
F 1.2 MIN 0.047 MIN 
G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

1 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 
+ 0.1 + 0.004 

M 0.25. 
0.05 0.010 _ 0.002 

:11313 i3 if iS ~ l,f t,j 

~I C I--
 E 

if iJ 1) if is 

IUI J Illl'!D 

  IIT 

j~
L ~ 

U ~ if ~_ 
~G 

(Ceramic) 
ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 
8 1.62 0.064 

C 2.54 ± 0.1 0.100 ± 0.004 
D 0.50 ± 0.1 0.0197 ± 0.004 
E 48.26 ± 0.2 1.900 ± 0.008 
F 1.27 0.050 

G 3.2 MIN 0.126 MIN 
H 1.0 MIN 0.04 MIN 
j 4.2 MAX 0.17 MAX 

J 5.2 MAX 0.205 MAX 
K 15.24 ± 0.1 0.6 ± 0.004 

L 
13.5+0.25 0.5310.00 

M 0.30±0.1 0.012±0.004 

PACKAGE OUTLINE 
µPD8041AC 
µPD8741AC 

µPD8041A D 
µPD8741A D 

8041 A/8741 A DS-10-80-CA T 



NEC Microcomputers, Inc. 

µPD8048 FAMILY OF SINGLE CHIP 
8-BIT MICROCOMPUTERS 

NBC 
µ P D8048 
µPD8748 
µPD8035L 

DESCRIPTION The µPD8048 family of single chip 8-bit microcomputers is comprised of the µPD8048, 
µPD8748 and µPD8035L. The processors in this family differ only in their internal pro-
gram memory options: The µPD8048 with 1 K x 8 bytes of mask ROM, the µPD8748 
with 1 K x 8 bytes of UV erasable EPROM and the µPD8035L with external memory. 

FEATURES • Fully Compatible With Industry Standard 8048/8748/8035 
• NMOS Silicon Gate Technology Requiring a Single +5V Supply 
• 2.5µs Cycle Time. All Instruction 1 or 2 Bytes 
• Interval Timer/Event Counter 
• 64 x 8 Byte RAM Data Memory 
• Single Level Interrupt 

96 Instructions: 70% Single Byte 
27 I/O Lines 

• Internal Clock Generator 
• 8 Level Stack 
• Compatible With SOSOA/8085A Peripherals 
• Available in Both Ceramic and Plastic 40 Pin Packages 

PIN CONFIGURATION TO C ] VCC 
1 40 

XTAL 1 C 2 39 ] T1

XTAL 2 C 3 38 ,'] p27 

RESET [ 4 37 ] P26 
SS [ 5 36 ] p25 

INT [ 6 35 ] P24 

EA [ 7 34 ] P17 

RD [ 8 µ PD 33 ] P16 

PSEN [ 9 
8048/ 32 ] P15 

WR [ 10 
8748/ 

31 ] P14 

ALE [ 11 30 ] P13 

DBO C 12 
g035L 

29 ] P12 

D61 [' 13 28 ] P11 

D82 C 14 27 ] P10 
D63 [ 15 26 ] VDD 
D64 C 16 25 ] PROG 
DB5 [ 17 24 ] P23 

D66 [ 18 23 ] P22 

D67 [ 19 22 ~] P21 
VSS [ 20 21 ] P20 
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µ PD8048/8748/8035L 

The NEC µPD8048, µPD8748 and µPD8035L are single component, 8-bit, parallel 
microprocessors using N-channel silicon gate MOS technology. The µPD8048/8748/ 
8035E efficiently function in control as well as arithmetic applications. The flexibility 
of the instruction set allows for the direct set and reset of individual data bits within 
the accumulator and the I/O port structure. Standard logic function implementation 
is facilitated by the large variety of branch and table look-up instructions. 

The µPD8048/8748/8035L instruction set is comprised of ~1 and 2 byte instructions 
with over 70% single-byte and requiring only 1 or 2 cycles per instruction with over 
50%single-cycle. 

The µPD8048series of microprocessors will function as stand alone microcomputers. 

Their functions can easily be expanded using standard 8080A/8085A peripherals and 
memories. 

The µPD8048 contains the following functions usually found in external peripheral 
devices: 1024 x 8 bits of ROM program memory; 64 x 8 bits of RAM data memory; 
27 I/O lines; an 8-bit interval timer/event counter; oscillator and clock circuitry. 

The µPD8748 differs from the µPD8048 only in its 1024 x 8-bit UV erasable 
EPROM program memory instead of the 1024 x 8-bit ROM memory. It is useful in 
preproduction or prototype applications where the software design has not yet been 
finalized or in system designs whose quantities do not require a mask ROM. 

The µPD8035L is intended for applications using external program memory only. It 

contains all the features of the µPD8048 except the 1024 x &bit internal ROM. The 
external program memory can be implemented using standard 8080A/8085A memory 
prod UCLS. 

o ulw.... 

j.00 l.« j'.= 

. ,0„4., . 

FUNCTIONAL 
DESCRIPTION 

BLOCK DIAGRAM 

-- ~ ---

,.,~..w, ~..~ 
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Et PD8048/8748/8035L 
PIN IDENTIFICATION 

PIN 
FUNCTION 

NO. SYMBOL 

1 Tp Testable input using conditional transfer functions JTO and 
JNTO. The internal State Clock ICLKI is available to Tp 
using the ENTO CLK instruction. Tp can also be used 
during programming as a testable flag. 

2 XTAL 1 One side of the crystal input for external oscillator or 
frequency Inon TTL compatible VIH)' 

3 XTAL 2 The other side of the crystal input. 

4 RESET, Active low input for processor initialization. RESET is 
also used for PROM programming verification and power-
down Inon TTL compatible V IH)' 

5 SS Single Step input (active-local. SS together with ALE allows 
the processor to "single-step" through each instruction in 
program memory. 

6 INT Interrupt input (active-local. INT will start an interrupt if 
an enable interrupt instruction has been executed. A reset 
will disable the interrupt. INT can be tested by issuing a 
conditional jump instruction. 

7 EA External Access input (active-highl. A logic "1" at this 
input commands the processor to perform all program 
memory fetches from external memory, 

8 RD READ strobe output (active-local. RD will pulse low when 
the processor performs a BUS READ. RD will also enable 
data onto the processor BUS from a peripheral device and 
function as a READ STROBE for external DATA MEMORY. 

9 PSEN Program Store Enable output (active-local. PSEN becomes 
active. only during an external memory fetch. 

10 WR WRITE strobe output lactive-local. WR will pulse low when 
the processor performs a BUS WRITE. WR can also function 
as a WRITE STROBE for external DATA MEMORY. 

1 1 AL"t Address Latch Enable output !active high;. Occurring once 
each cycle, the falling edge of ALE latches the address for 
external memory or peripherals. ALE can also be used as 
a clock output. 

12 — 19 DO — D7 BUS 8-bit, bidirectional port. Synchronous reads and writes can 
be performed on this port using R.D and WR strobes. The 
contents of the Dp — D7 BUS can be latched in a static 
mode. 

During an external memory fetch, the Dp — D7 BUS holds 
the least significant bits of the program counter. PSEN 
controls the incoming addressed instruction. Also, for an 
external RAM data store instruction the Dp — D7 BUS, 
controlled by ALE, RD and WR, contains address and data 
information. 

20 VSS Processor's GROUND potential. 

21 — 24, 
35 — 38 

P20 — P27: 
PORT 2 

Port 2 is the second of two 8-bit quasi-bidirectional ports-
For external data memory fetches, the four most significant 
bits of the program counter are contained in P20 — P23. Bits 

P20 — P23 are also used as a 4-bit I/O bus for the µPD8243, 
INPUT/OUTPUT EXPANDER. 

25 PROG Program Pulse. A +25V pulse applied to this input is used 
for programming the µPD8748. PROG is also used as an out-
put strobe for the µPD8243. 

26 Vpp Programming Power Supply. Vpp must be set to +25V for 
programming the µPD8748, and to +5V for the ROM and 
PROM versions for normal operation. Vpp functions a5 the 
Low Power Standby input for the µPD8048. 

27 — 34 Ptp — P17: 
PORT 1 

Port 1 is one of two 8-bit quasi-bidirectional ports. 

39 T1 Testable input using conditional transfer functions JT7 and 
JNT1. T7 can be made the counter/timer input using the 
STRT CNT instruction. 

40 VCC Primary Power Supply. VCC muse be+5V for programming 
and operation of the µPD8748, and for operation of the 
µPD8035Land µPD8048. 
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,u, P D 8048 / 8748/8035 L 

Operating Temperature   0°C to+70°C ABSOLUTE MAXIMUM 

Storage Temperature (Ceramic Package)   -65°C to+150°C RATINGS* 
Storage Temperature (Plastic Package)   -65°C to +125°C 
Voltage on Any Pin   - 0.5 to +7 Volts ~ 
Power Dissipation   1.5 W 

Note: Q1  With respect to ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

'Ta = 25°C 

Ta = -0°C to +70°C; VCC = VDD =+5V ± 70%; VSS = OV 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Input Low Voltage 
(All Except XTAL 1, XTAL 21 VIL -0.5 _ 0.8 V 

Input High Voltage 
VIH 2.0 VCC V 

(All Except XTAL 1, XTAL 2, R~SEfiI 

Input High Voltage 

(RESET, XTAL 1, XTAL 21 VIH1 3.8 VCC_ V 

Output Low Voltage (BUS) VpL 0.45 V IpL = 2.0 mA 

Output Low Voltage IRD, WR, 
PSEN, ALE) VOLT 0.45 V IOL = 7.8 mA 

Output Low Voltage IPROGI VpLy 0.45 V IpL = 1.0 mA 

Output Low Voltage 
(All Other Outputs) VOL3 0.45 V IpL = 1.6 mA 

Output High Voltage (BUS) VOH 2.4 V IOH ' -400µA 

Outpu[ High Voltage IRD, WR, 
PSEN, ALE) VOH1 2.4 V IpH=-100µA 

Output High Vol[age 
(All Other Outputs; VOH2 2A V IOH = -40 µA 

Input Leakage Current 

ITt, INT) IIL '±10 µA VSS 5 VIN ~ VCC 

Input Leakage Curren[ 

(P70-Pi7. P20'P27. EA, SS) ~ IIL1 -500 µA VpC3 VIN ~ Vgg+0.45V 

Output leakage Current 
(BUS, TO -High Impedance Statel IOL ±10 µA VCC ~ VIN ~ VSS+O.OSV 

Power gown Supply Current Ipp 7 15 mA Ta = 25°C 

Total Supply Curren Ipp + ICC 60 135 mA Ta = 25°C 

Ta = 25°C ! 5°C; VCC = +5V ~ 10%; Vpp =+25V * 1 V 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Vpp Program Voltage High-Level VDOH 24.0 26.0 V 

Vpp Voltage Low-Level VppL 4.75 5.25 V 

PROG Voltage High-Level VpH 21.5 24.5 V 

PROG Voltage Low-Level VpL 0.2 V 

EA Program or Verify Voltage High-Level YEAH 21:5 24.5 V 

EA Voltage Low-Level VEAL 5.25 V 

Vpp High Voltage Supply Current Ipp 30.0 mA 

PROG High Voltage Supply Current IPROG 16.0 mA 

EA High Voltage Supply Current ~ IEq 1.0 mA 

DC CHARACTERISTICS 

DC CHARACTERISTICS 
PROGRAMMING THE 
µPD8748 
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AC CHARACTERISTICS 

/tt PD8048/8748/8035L 

READ, WRITE AND INSTRUCTION FETCH —EXTERNAL 
DATA AND PROGRAM MEMORY 

Ta = O C to ~?OC; vCC - VDD' *5V + 10°6; Vgg = OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST Q1 ~ 

CONDITIONS MIN TYP MAX 

ALE Pulse Width [LL 400 ns 

Address Setup before ALE tA L 120 ns 

Address Hold from ALE tLq 80 ns 

Contrul Pulse Width tPSEN, RD, WRI tCC 700 ns 

Data Setup before WR tph, 500 ns 

Data Hold after WR tyip 120 ns CL = 20 pF 

Cycle Tlme tCy 2.5 15.0 µs 6 MHz XTAL 

Data Hold tpR 0 ?00 ns 

PSEN, RD to Data In iRp 500 ns 

Address Setup Uef ore WR tgyy 230 ns 

Address Setup before Data In tqp 950 ns 

Address Float ;o RD, PSEN tgpC 0 ns 

Control Pulse to ALE tCA 50 ns 

Notes: ~ For Control Outputs: CL == 80 pF 

For Bus Outputs: CL = 150 pF 

tCY = 2.5 µs 

PORT 2 TIMING 
Ta = 0° C to +?0° C; V CC = +5 V 10 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TYP MAX 

Port Contrul Setup before Fall ing 
tOp 170 ns Edge of PROG 

Port Control Hold after Falling 
tpC 700 ns Edge of PROG 

PROG to Tlme P2 Input must be 
Valid tpR 670 ns 

Cutput Data Setup Time tpp 250 ns 

Output Data Hold Tlme tpp 65 'ns 

Input Data Hold Time tpp 0 150 ns 

PROG Pulse Width tpp 7200 ns 

Port 2 If0 Uata Setup ipL 350 ns 

Port 2 I/O Data Hoid tLp 150 ns 

PROGRAMMING SPECIFICATIONS — µPD8748 

Ta =25°C~5°C;VCC=+5Vt10% Vpp=+25V*1V 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST 
CONDITIONS MIN TYP MAX 

Address Setup Time before RESET 1 tgyy 4 tCy 

Address Huld Tima after RESET t tyyA 4 tCY 
Data In Setup Time before PP~a i tpyy 4 tCy 
Data In Hold Time after PROG 1 tyyp •4 ICY 

RESET Hold Time to VERIFY tpH 4 tCY 

VDD tVDDW 4 tCY 
Vpp Hoid Tima after PROG 1 tVDDH 0
Program Putse Width 'tpyy 50 BO ms 

Tart 0 Setup Time before Program 
Modo LTyy 4 toy 

Test 0 Hold Time after Program 

Mode tyyT 4 tCy 

Tart 0 to Data Out Delay tpp 4 tCY 
RESET Pulse Width to Latch 
Address tWW 4 tCy 

Vpp and PROG Rise and Fall Times tr,tf 0.5 2.0 µs 

Processor Operation Cycte Time tCy 5.0 µs 

RESET Setup Time before EA t tRE 4 tCy 
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~tPD8048/8748/8035L 

ALE 

PSEN 

8US 

ALE 

RD 

BUS 

ALE 

WR 

BUS 

~y 

-► 

FLOATING 

ADDRESS 

tcv 

LAFc ~--~cc~ 

tAD 

-~ CDR 

INSTRUCTION 

INSTRUCTION FETCH FROM EXTERNAL MEMORY 

READFROMEXTERNALDATA MEMORY 

I ~CC~ 

WRITE TO EXTERNAL MEMORY 

TIMING WAVEFORMS 
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µPD8048/8748/8035L 

TIMING WAVEFORMS 
(CONY.} 

OEO'OB~ 

PCIRT 2 TIMING 

~wET 

0 
o.*. *o eE 

OG MME 0 

woDREss iB9~vw~~D 

o~ 

NEnT ~OONE48 

__J 

PROGRAM/VERIFY TIMING 
(µPU8746 ONLY) 

VERIFY MODE TIMING 

IµPD8048/8748 ONLY) 

~« a cc.; ,~~«..w.~a ~o ~ss ~a .,~ 
D a ~. ~ w.~. ~,.w.M..W,~...c. 
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µPD8048/8748/8035L INSTRUCTION SET 

MNEMONIC FUNCTION DESCRIPTION D7 D5 

INSTRUCTION CODE 

D5 Dq D3 DZ Dj Op CYCLES BYTES 

FLAG$ 

C AC FO 

ACCUMULATOR 

ADD A, > data IAI -!AI + tlata Adtl Immediate the specii ied Data t0 the 0 0 0 0 0 0 1 t 2 2 

Accumulator. tl7 dg tl5 dq tl3 d2 tl7 tlp 

ADD A, Rr IAI -IAI + IRrI 
Iorr=O-7 

Adtl contents of designated register to 
the Accumulator. 

0 1 1 0 1 r . r 

AOD A,@Rr IAI - IAI a IIRrII 
Iorr=O-t 

Add Indirect the contents the data 
memory location [o tn¢ Accumulator. 

1 t 0 0 0 0 

ADDC A, =data IAI -IAI +ICI +data Add Immed~a[e with carry the specified 0 0 0 1 0 0 1 s 2 2 

data to the Accumulator. tl7 d6 tl5 dq d3 d2 tli tlp 

ADDC A, Rr IAI --IAI +ICI + IRrI 
Iorr=O-7 

Add with carry the contents of the 
tlesignatetl register to the Accumulator. 

0 1 1 1 1 

ADDC A, @ Rr IAI-IAI+ICI+IIRrII 
f orr=0 1 

Add Intluect with carry the contents of 
data memory location to the 

t t 0 0 o r 

Accumulator. 

ANL A, =data IAI -IAI AND data Logical and spec lied Immediate Data 0 1 0 t 0 0 1 1 2 

with Accumulator. tl7 tl6 tl5 tlp d3 d2 tlt tlp 

ANL A, Rr IAI -IAI AND IRrI 
Iorr=0-7 

Logical and content: of designated 
register with Accumulator. 

0 1 0 1 1 

ANL A,@Rr IAI -IAI AND IIRrII 
Iorr=O s 

Logical and Indnect the contents of data 
memory with Accumulator. 

0 1 0 0 0 r 

CPL A IAI - NOT IAI Complement the contents of the 0 0 1 1 
Attumuiator. 

CLR A IAI - 0 CLEAR the contents of the Accumulator. 0 0 1 0 0 

OA A DECIMAL ADJUST the contents of the 0 1 0 1 0 
Accumulator. 

DEC A IAI IAI 1 O ECREME NT by 1 the accumulator's 
contents. 

0 0 0 0 0 

INC A IAI -- IAI + 1 Inc nt by 1 the accumulator's 
contents. 

0 0 0 1 0 

OR L A, = da10 IAI -IAI OR data Logical OR specdietl immediate data 0 1 0 0 0 0 t t 1 Z 

with Accumulator tl7 e6 tl5 dq d3 e2 dl tlp 

ORL A. Rr IAI •- IAI OR IR.1 
Iorr=O 7 

Logcal ORcontenss of designated 
register with Accumulator. 

0 1 0 0 t 

ORL A,@Rr IAI - iAl OR IIRrII 
Iorr=O 7 

Logcal OR Induect the wn;ens; of data 
memory location with Accumulator. 

0 1 C C 0 0 

RL A IAN + 1) -IANI 
IA01 - IA 71 

Rotate Accumulator felt by 1-bit wisnout 
carry. 

1 1 0 0 

IorN=O-6 
R LC A 

IA01 -ICI 
Rota a Accumulator felt by 1-bit through 
carry[ 

1 0 

ICI - IA71 

RR A IANI-IAN+i1:N=0-6 
IA71 - IApI 

Rotate Accumulator right by 1~bd 
without carry. 

1 1 0 1 

RRC A IANI-IAN*11:N=0-6 
IA71 - ICI 

Rotate Accumulator ngns by t~bit 
through carry. 

D t 0 0 t 

ICI • IA01 

SWAP A IAq.71_ IAO -31 $waD the Z 4-bit nibbles in she 0 0 0 
Accumulator. 

XR L A, =data IAI -IAI XOR data Logical XOR specified immediate data 1 1 0 1 0 0 1 1 Z Z 
with Accumulator. tl7 d6 tl5 dq d0 az dt d0 

XRL A, Rr IAI -IAI XOR IR.I 
Iorr=O-7 

Lo9~cal %OR contents of deslgnatetl 
register with Accumulator. 

1 1 0 1 1 1 

XRL A,@Rr IAI -IAI XOR IIRrII 
Iorr=O-1 

LogiUl XOR Indirect the contents o1 data 
memory IOcatlDn with ACCV TUlatOl. 

0 t 0 0 0 

BRANCH 

DJNZ Rr, adtlr IRrI-IRrl-t;r=0-7 Dec.ement the soe<ified register an0 1 1 1 0 1 2 2 

If IRrI r 0: test contents. a7 a6 a5 aq ay a1 at a0 

IPC O - 71 - adtlr 
JBb adtlr IPC O - 71 -adtlr ii Bb = 1 Jump t0 specified address d b7 bt b0 t 0 0 t 0 2 

IPCI - IPCI + 2.I Bb = 0 Accumulator bit n ut. a7 a6 a5 aq a; aZ as a0 

JC adtlr IPDD-71-add IIC=1 Jump so ipecif~ed atldress it carry flag 1 1 1 1 0 1 1 0 2 Z 

IPCI -IPCI + Z it C = 0 ~s ut. a7 ag a5 as a3 a2 al a0 

JFO add IPCO-71-atld dF0=1 Jump to spec flied address it Flag FO is 1 0 1 1 0 1 1 0 2 

IPCI -IIPCI * ~ it FO = 0 a7 a5 a5 aq a3 az at ap 

JF1 etldr IPC 0- 71 - a ddr i t F 1= 1 Jutmp to specified address it FIa9 F 1 is 0 t 1 1 0 1 1 0 Z Z 

IPCI ^IPCI + 2.f F1 = 0 a7 a6 a5 aq a3 a2 al a0 

JMP adtlr (PCB-101-addr8-10 Direct Jump to specilletl address within a10 ag ag 0 0 t 0 Z 2 

IPCO-71-adtlr 0-7 the 2K atldress block. a7 a6 a5 aq a3 a2 a a0 

IPC 111--DBF 

JMPP @ A IPD 0- 71 - IIAII Jump indirect to specified address with 
wim ada.eas vase. 

0 t i 0 0 1 2• 

JNC adtlr IPCO-71-adtlr ilC=O Jump to:aa~nee aeares: it tarn Oag is t t t o 0 t o z z 

IPCI- IPCI+Zi1C=[ low. a7 a6 a5 aq a0 a7 al ap 

JNI atltlr IPCO-71-adtlrd l=0 Jump to specified atldress if interrupt 1 0 0 0 0 1 1 0 2 

IPCI - IPCI + ~ i1 I = 1 is Ipw. a7 a6 a5 aq a0 aZ al a0 

F1 
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INSTRUCTION SET (CONY.) ft.'PU804b/8748/8035L 

MNEMONIC FUNCTION DESCRIPTION D7 D8 

INSTRUCTION CODE 

D5 Oq D3 - Dp D7 Dp CYCLES BYTES 

FLAG$ 

C AC FO F1 

BRANCH ICON7.1 

JNTO addr IPC 0 71 -- atltlr rf TO = 0 Jump to specified address if Test 0 rs low. 0 0 t 0 0 1 I 0 2 2 
IPC( - IPCI ~ 2 if TO = 1 a7 a6 a5 aq a3 a2 a t a0 

JNTI addr IPC 0-~ 71 -- addr if Tt = 0 Jump to specilretl address d Test 1 rs low. 0 1 0 0 0 t 1 0 2 2 
IPCI ~ IPCI • 2 it Ti 1 a7 ag a5 aq a3 a2 at a0 

JN2 addr IPC 0 71 -atldr if A= 0 Jump to spec~f red atldress .1 accumulator 1 0 0 1 0 I 1 0 2 2 
IPCI ~ IPCI r 2 rl A - 0 rs non zero. a7 aG a5 a4 a3 a2 at a0 

JTF atldr IPC 0 71 -addr if TF = t Jump to specd~ed atldress ~f Timer Flag 0 0 0 t 0 I I 0 2 2 
IPCI ~ IPCI ~ 2 rl TF 0 rs set to t. a] a6 a5 a4 a3 a2 at a0 

JTO adfr IPC 0 - 71 - addr if TO = 1 Jump to specifie0 address it Test 0 is a 0 0 1 t 0 1 r 0 2 2 
IPCI -- IPCI * 2 i1 TO = 0 a] a6 a5 a4 a3 a2 at a0 

JT 1 addr IPC 0 71 - addr if T7 = 1 Jump to specdied address if Test t rs a 1. 0 1 0 t 0 t ' t 0 2 2 
IPCI ~ IPCI ~ 2.I Tt 0 a7 a6 a5 as a3 a2 at a0 

J2 atldr IPC 0 71 ~ -atldr if A= 0 Jump to specified address if Accumulator t 1 0 0 0 t I 0 2 2 
IPCI ~ IPCI r 2.1 A 0 is 0. a7 aG a5 a4 a3 a2 at a0 

CONTROL 

EN 1 Enable the External Interrupt input. 0 0 0 D 0 1 0 1 t ~ 1 

DI$ I Disable the External Interrupt input. 0 0 0 1 0 1 0 1 1 1 

ENTO CLK Enabe the Clock Output pin T0. 0 1 1 1 0 1 0 1 t 1 

SEL MBO IDBFI ~ 0 Select Bank 0Il«atrons 0 20471 of t 7 1 0 0 1 0 1 1 1 
Program Memory. 

SEL MBt IDBFI ~ 1 Select Bank 1 (locations 2048 40951 of 1 1 1 1 0 1 0 1 1 1 
Program Memory. 

SEL FBO (BSI ~ 0 Select Bank O (locations 0- 71 of Data 7 7 0 0 0 I 0 t / 1 
Memrny. 

SEL RBt 1851 ~ 1 Select Bank 1 Ilpcah Ons 24 711 01 1 1 U 1 0 1 0 1 t 1 
Data Memory. 

DATA MOVES 

MOV A. . . data IAI ~ data Move ImmeO~ate Ne scecrlieA dam into 0 0 1 0 0 0 1 1 2 2 
the Accumulator. a7 d6 d$ dq d3 tl2 dt dp 

MOV A. R. Iql ~ IRrI; r 0 ] Move the contemn of Ine tles~gnatetl 
registers mto the Ac<umulat Or. 

1 1 1 1 1 r r r t I 

MOV A. Q- Rr IAI ~ 11 Rr11: r = 0 1 Move Intlnect the contents 01 data 
memory 10[almn into Ine Accumulator 

1 1 1 1 0 0 0 r 1 I 

MOV A, PSW IAI ~ IP$WI Move contents of the Program Status 1 1 0 0 0 I 1 1 I I 
Word rn l0 the Accumulator. 

MOV Rr, -~ data IRr 1 ~ data; r ~ 0 7 Move Immediate the specrl ietl tlata into 1 0 1 1 7 2 2 
Ine dev9natetl register. tl7 d6 tl5 tlq d3 tl2 dl tl0 

MOV Rr, A IRrI ~- IAI; r= 0 7 Move Accumulator Contents ~nlo thx 
tles~gnaled regrster-

t 0 t 0 1 ~ r r t 1 

MOV @ Rr, q IlRril ~ IAI: r- 0 i Move Intluect Accumulawr Comers is 
into data memory IOCatipn. 

t 0 t 0 0 0 0 ~ t t 

MOV @ Rr, ~ dam IlRrll ~ tlata: r 0 t Move Immediate me specrbed dam rnro t 0 t t 0 0 0 7 
tlata memory. d7 tl6 d5 dq tl3 d2 d7 d0 

MOV PSW. A IPSWI - IAI Move conrents of Accumulator into the 
prOy.am status w0rtl. 

1 1 0 1 0 1 1 1 I 

MOVP A. @ A IPC 0 71 ~ IAI Move tlata rn the current page into the I 0 1 0 0 0 1 1 2 
IAI IIPCII Accumulator. 

MCVP3 A, @ A IPC 0 71 ~ IAI Move Pi ogram tlata .n Page 3 into me 7 1 1 0 0 0 I t 2 I 
IPC 8 101 ~ Olt Accumulator. 
IAI IIPCII 

MOV % A. @ R IAI ~ Ii Rrll: r 0 1 Move Indnect Ine contents oI external 
tlata memory into the Accumulamr. 

1 0 0 0 0 0 0 r 2 I 

MOV %@ R. A i1Rrl1 ~ IAI, r - 0 1 Move Indnect Ine conrents of the t 0 0 1 0 0 0 ~ 2 
Accumumtor into external tlata memory. 

xCH A, Rr IAI ~ (Rrl: r- 0- 7 Exchange Ine Accumulator and 
tlesynated register's contents. 

0 0 t 0 t r r r t r 

%CH A, @ Rr IAI , ~ IlRrll; r = 0 - 7 Exchange Intlnect cpnlents 01 Atcumu- 0 0 1 0 0 0 0 r t t 
Iel Or and Ipcetrpn rn tldla memory. 

%CHD A, @ Rr IA 0 31 '. IIRr110- 311: 
r . p- 7 

Exchange Indirect 4-bit conten is of 
Accumulaor and tlara memory. 

0 0 t t O 0 0 r I 

FLAGS 

CPL C ICI ~ NOT ICI Complement Content of carry bit. 1 0 1 0 0 t 1 1 I 

CPL FO IF01 ~ NOT IF 01 Complemenr Content of Flag F0. 7 0 0 t 0 I 0 s t 1 

CPL F1 IF11 ~ NOT IF11 Complement Conrent 01 Flag F 1 1 0 1 1 0 1 0 1 ~ I 

CLR C ICI ~ 0 Dlear content al carry hit to O. 1 0 0 I 0 1 I 1 I t 

CLR FO IF01~ 0 Clear conrmr us Flag Oto O. t 0 0 0 0 I 0 1 I t 

CLR f1 IF 11 ~ 0 Clear content of Flaq 1 100. I 0 1 U 0 t 0 1 I t 
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~, PD8048/8748/8035L INSTRUCTION SET (CONY.) 

MNEMONIC I FUNCTION DESCRIPTION ' D7 D6 

INSTRUCTION CODE 

D5 D4 D3 D2 D1 DO CYCLES BYTE$ 

FLAG$ 

C AC FO F1 

INPUT/OUTPUT 

4NL BUS. -data 18US1 IBUSI AND data Logical antl Immedra[especilied data t 0 0 1 t 0 0 0 2 2 
with contents of BUS. tl7 d6 d5 dq d3 d2 tlt d0 

ANL Pp, =data IPpI ~ IPpI AND data Logl<al and Immediate spec dietl data 1 0 0 1 1 0 P P 2 2 
p 1 2 with tlesignat¢d Port I1 or 21 tl7 d6 d5 d4 d3 d2 dt tlp 

ANLD Pp, A IPpI ~ IPpI AND IA 0 31 
p 4 7 

Logical and contents of Accumulator with 
desgna[ed port 14 71. 

1 0 0 I 1 1 P P 2 i 

IN A, Pp IAI ~ IPpI: p I 2 Input data from tlepgnatetl port i1 21 
into Accumulator. 

0 0 0 0 1 0 p p 2 i 

INS A, BU$ IAI ~ IBUSI Input strobed BUS data ~nso Accumulator. 0 0 0 0 1 0 0 0. 2 t 

MOVD A, Pp IA 0 31 ~ IPpI: p 4 7 
IA q 71 - 0 

Move contents OI designatetl port 14 71 
intp Accumulator. 

0 0 0 0 1 1 p p 2 I 

h10VD Pp, A IPpI ~ A O 3: p= q 7 Move contents of Accumulator to 
tles~gnatetl port 14 7i. 

0 0 i 1 1 1 P P i 1 

ORL BUS, ~~ data IBU51 ~ IBUSI OR data Logical or Immediate specilietl data w~tn 1 0 0 0 i 0 0 0 2 2 
convents or BUS. d7 d6 d5 dq d3 d2 d t tlp 

ORLD Pp, A IPpI ~ IPpI OR IA 0 31 
p - 4 7 

Lo9~cal or contents vi Accumulator with 
designated port l4 71. 

1 0 0 0 1 1 p o 1 1 

OR L Pp. = tlata IPpI ~ IPpI OR tlata Loyrcal or Immetliate spe<dietl dato with 1 0 0 0 0 P p 2 2 
p - 1 2 designated Port It 21 tl7 d6 d5 dq d3 d2 dl d0 

OUTL BUS. A IBVSI ~ IAI Output contents or A<cumuiator onto O 0 0 O 0 0 1 0 1 1 
BUS. 

OUTL Pp, A IPpI ~ IAI: P 1 2 Output contents of Accumulator tv 
designated port ll 21. 

0 0 1 1 t 0 p p 1 1 

REGISTERS 

DEC Rr IRrI IRrI ~ IRrI 1: r = p 7 Decrement by 1 contents of tles~yna!ed 
register. 

1 t 0 0 1 r r r 1 1 

INC Rr IRrI ~ IRrI ~1: r= 0 7 Increment by 1 cOnvenvs OI tlesiynasetl 
register. 

0 0 0 1 1 r r r 1 1 

INC Ca RI . Il Rril ~ IIR,II ~ t; 
r • 0 t 

Increment Indirect by t the Contents oI 
tlata memory locaben. 

0 0 0 t 0 0 0 r ~ t 

SUBROUTINE 

CALL addr IISPII ~ IPCI, IPSW 4 71 Call tles~gnated $ub.out~ne, a10 ag aq 1 0 t 0 0 2 2 

ISPI ISPI 1 a7 a0 a5 aq a3 a2 a7 ap 

IPCB tOI ~ atltlr8 70 
IPCO 71—atltlr0 7 
IPC 111 ~ DBF 

RE' ISPI ~ ISPI 1 
IPCI ~ IISPII 

Return I.om Subroutine without 
restoring Proyram Staves WorO. 

1 0 0 0 0 0 I 1 2 t 

RETR ISPI ~ ISPI 1 Return from Subrout•n¢ resr~•iny 1 0 0 ~ 0 0 t i ~ I 
I PCI ~ IISPII 
i PSW 4 71 ~ IISPII 

Vrogram Status Word. 

TIMER/COUNTER 

EN TCNTI Enable Internal interrupt Flay for 0 0 1 0 0 1 0 t 1 1 
Timer Counter output. 

Dt5 TCNTI Disable Inse.nal interrupt Flay for 
lamer/Counter Output. 

0 0 1 1 0 t 0 1 1 1 

MOV A, T IAI ~ ITI Move contents of Timer/Counter ~nlo 0 t 0 0 0 0 1 0 1 t 
Accumulator. 

MOV T, A ITI ~ IAI Move contents of Accumulator into 0 1 1 0 0 0 1 0 1 t 
Timer/Counter. 

STOP TCNT Stop Count for Event Counter. 0 t 1 0 0 1 0 1 t t 

STRT CNT Stars Count for Event Counter. 0 1 0 0 0 1 0 I t t 

STRT T Start Count for Timer. 0 t 0 t 0 1 0 t t s 

MISCELLANEOUS 

NOP Na Operation oerrormetl. 0 0 0 0 0 0 0 0 1 i 

Notes. Ol  Instruction Cotle Designations r and p form she binary representation of the Register antl Ports involved. 

O The dos under the appropriate flag bas ~nd~cases teas its content is sublet to change b the insirucs~On it apoears in. 

O3 References to she address antl tlata are specified in bytes 2 andlor 1 Ot the ~nstrucuon 

Q Numerical Subscripts appearing in sh¢ FUNCTION cdumn reference she spec ili< bits al rectetl. 

Symbol Definitions: 

SYMBOL DESCRIPTION 

A The Accumulator 

AC The Auxiliary Carry Flag 

addr Program Memory Address 112 bits) 

Bb Bit Designator Ib = 0 — 71 

BS The Bank Switch 

BUS The BUS Port 

C Carry Flag 

CLK Clock Signal 

CNT Event Counter 

D Nibble Designator 14 bits) 

data Number or Expression i8 bitsl 

DBF Memory Bank FIip~Flop 

F0, Ft Flags 0, 1 

I Interrupt 

P "In-Page" Operation Designator 

SYMBOL DESCRIPTION 

Pp Port Designator Ip = 1, 2 or 4 — 71 

PSW Program Status Word 

Rr Register Designator (r = 0, i or 0 — 71 

$P Stack Pointer 

T Timer 

TF Timer Flag 

T0, T[ Testable Flags 0, 1 

X External RAM 

Prefix for Immediate Data 

@ Prefix for lndirec[ Address 

$ Program Counter's Current Value 

1x1 Contents of External RAM Location 

11x11 Contents of Memory Location Addressed 
by the Contents of External RAM Location. 

— Replaced By 
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LOGIC SYMBOL 

XTAL - 

µ PD8048/8748/8035L 
E~ PORT =1 

~ ~ PORT =2 
8 

RESET _ READ 

SINGLE 
STEP 

µPD 
~ WRITE 

EXTERNAL 8048 
MEMORY 

_ 

FAMILY 
PROGRAM STORE 

~~ 
ENABLE 

TEST -~ 
ADDRESS LATCH 

ENABLE 

INTERRUPT--~' 

BUS 
PORT EXPANDER 

t - ~" 
B STROBE 

PACKAGE OUTLINES 
µPD8048C 

µPD8035LC 

µPD8048D 
µPD8748D 

µPD8035LD 

A 

r 

~ I L^IJ ~ i !tl J 
{Fj-- -{ C F--
 E 

Plastic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0 064 

C 2.54 • 0.7 0.10 ! 0.004 

D 0.5'0.1 0.079 0.004 

E 48.26 1.9 

F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 75.24 0.600 

L 13.2 0.520 

~ 0.1 .0.004 
M 0.25 

0.05 
0.010 

0.002 

A 

HT tf t} ~f ~f !f if i t} ;f !f tf tf 

L ~ l 
-IBj-- ~IFF~ ~ C I--

Ceramic 

E 

f l f t f l3 t f t f t f t} 

~ ~ _ . 
D 

ITEM MILLIMETERS INCHES 

A 51.5 2.03 
B 1.62 0.06 
C 2.54 0.1 
D 0.5 ± 0.1 0.02 ~ 0.004 
E 48.26 1.9 
F 1.02 0.04 
G 3.2 0.13 
H 1.0 0.04 

I 3.5 0.14 
J 4.5 0.18 
K 15.24 0.6 
l 14.93 0.59 
M 0.25 '- 0.05 0.01 ± 0.0019 

K 
L 

G ~I~M 

0" - 15`y '-

8048/8748/8035 LDS-12-80-CAT 

343 



NOTES 

344 



NEC Microcomputers, Inc. 

DESCRIPTION 

NBC 
µ PD80C48 
µ P~D 8

M

~0 C 
ll3(1'1~1511I7 

~~~J_L1Ull--l1UJL JL ll 

CMOS SINGLE CHIP 8-BIT MICROCOMPUTER 

The NEC µPD80C48 is a true stand alone 8-bit microcomputer fabricated with CMOS 
technology. The µPD80C48 contains all the functional blocks — 1 K bytes ROM, 
64 bytes RAM, 27 I/O lines, on-chip 8-bit Timer/Event counter, on-chip clock gen-
erator-to enable its use in stand alone applications. For designs requiring extra 
capability the µPD80C48 can be expanded using industry standard µPD8080A/ 
µPD8085A peripherals and memory products. The µPD80C35 differs from the 
µPD80C48 only in that the µPD80C35 contains no internal program memory IROM1. 

Compatible with the industry standard 8048, 8748, and 8035, the CMOS fabricated 
µPD80C48 provides significant power consumption savings in applications requiring 
low power and portability. In addition to the inherent power savings gained through 
CMOS technology, the NEC µPD80C48 features Halt and Stop modes to further 
minimize power drain. 

FEATURES • 8-Bit CPU, ROM, RAM, I/O in a Single Package 
• Hardware/Software Compatible with Industry Standard 8048, 

8748, 8035 Products 
• 1Kx8FiOM 
• 64x8RAM 
• 27 I/O Lines 

2.5µs Cycle Time I6 MHz Crystal) 
• All Instructions 1 or 2 Cycles 
• 97 Instructions: 70%Single Byte 
• Internal Timer/Event Counter 
• Two Interrupts (External and Timer) 

Easily Expandable Memory and I/O 
• Bus Compatible with 8080A/8085A Peripherals 
• CMOS Technology Requiring a Single +5V Supply 
• Available in 40-Pin DIP 

Effective Low Power Standby Functions 

— Halt Mode 
• 2 mA Typical Supply Current 
• Maintains Internal Logic Values and Control Status 
• Initiated by Halt Instruction 
• Released by External Interrupt or Reset 

— Stop Mode 
• 20 µA Maximum Supply Current 
• Disables Internal Clock Generation and Internal Logic 
• Maintains RAM 
• Initiated via Hardware (VDD) 
• Released via Reset 
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ft PD80C48/80C35 

PIN CONFIGURATION 

TD [ 1 40 ] yCC 
XTAL 1 [ 2 39 ] T~ 

XTAL 2 C 3 38 ~ p27 

RESET[ 4 37 ] P26 
SS [ 5 36 r7 P25 

INT [ 6 35 ~ P24 

EA [ 7 34 ] P77 

RD [ 8 µPD 33 ] P16 

PSEN [ 9 32 ] P75 

WR [ 10 80C48 31 ~ P14 

ALE [ 11 80C35 30 ] P13 

DBO [ 12 29 ] P12 

D81 [ 13 28 ] P11 

DBz [ 14 27 ] P10 
D83 [t5 26 ~yDD 
DB4 [ 16 25 ] PROG 
DB5 [ 1 7 24 ~ P23 
DB6 [ 18 23 ] P22 
D8~7 [ 19 22 ] P21 

ySS [ 
20 21 ] P20 

BLOCK DIAGRAM 
.al~~ ... 

,~j 
oo 

,. ̀o,.~ `", 

E'e`E„ . 

,.,.,,.E.~.~ 

~.E ,=,E.,oE~o~Ea 

— — ~ — — — 



ft PD80C48/80C35 

PIN IDENTIFICATION 
PlN 

FUNCTION 
NO. SYMBOL 

1 TO Testable input using conditional transfer functions JTO and 
JNTO. The internal State Clock ICLKI isavailable to TO 
using the ENTO CLK instruction. Tp can also be used 
during programming as a testable flag. 

2 XTAL 1 One side of the crystal input for external oscillator or 
frequency (non TTL compatible VIHI' 

3 XTAL 2 The other Side of the crystal input. 

4 RESET Active low input for processor initialization. RESET is 
also used for Halt/Stop Mode release (non TTL 
compatible VIH1. 

5 SS Single Step input (active-local. S~ together with ALE allows 
the processor to "single-step" through each instruction in 
program memory. 

6 INT Interrupt input (active-local. INT will start an interrupt if 
an enable interrupt instruction has been executed. A reset 
will disable the interrupt. INT can be tested by issuing a 
conditional jump instruction. 

7 EA External Access input (active-highl. A logic "1" at this 
input commands the processor to perform all program 
memory fetches from external memory. 

t3 RD READ strobe output (active-local. RD will pulse low when 
the processor performs a BUS READ. RD will also enable 
data onto the processor BUS from a peripheral device and 
function as a READ STROBE for external DATA MEMORY. 

9 PSEN Program Store Enable output (active-local. PSEN becomes 
active only during an external memory fetch. 

10 WR WRITE strobe output (active-local. WR will pulse low when 
the processor performs a BUS WRITE. WR can also function 
as a WR ITE STROBE for external DATA MEMORY. 

11 ALE Address Latch Enable output (active highl. Occurring once 
each cycle, the falling edge of ALE latches the address for 
external memory or peripherals. ALE can also be used as 
a clock output. 

12 — 19 DO — D7 BUS 8-bit, bidirectional port. Synchronous reads and writes car. 
be performed on this port using RD and WR strobes. The 
contents of the Dp — D7 BUS can be latched in a static 
mode. 

During an external memory fetch, the DO — D7 BUS holds 
the least significant bits of the program counter. PSEN 
controls the incoming addressed instruction. Also, for an 
external RAM data store instruction the DO — D7 BUS, 
controlled by ALE, RD and WR, contains address and data 
information. 

20 VSS Processor's GROUND potential. 

21 — 24, 
35 — 38 

P20 — P27: 
PORT 2 

Port 2 is the second of two 8-bit quasi-bidirectional ports. 
For external data memory fetches, the four most significant 
bits of the program counter are contained in P20 — P23, Bits 
P20 -- P23 are also used as a 4-bit I/O bus for the µPD8243, 
INPUT/OUTPUT EXPANDER. 

25 PROG 

PROG is used as an output strobe for the µPD8243. 

26 Vpp Power Supply;+5V during normal operation for 
ROM. Vpp is also used in the stop mode. By forcing 
Vpp low during a reset, processor enters the Stop 
mode. 

27 — 34 P10 — P17: 
PORT 1 

Port 1 is one of two 8-bit quasi-bidirectional ports. 

39 T7 Testable input using conditional transfer functions JT1 and 
JNT1. Ti can be made the counter/timer input using the 
STRT CN'i instruction. 

40 VCC Primary Power Supply. VCC must be +5V for operation 
of the µPD80C48 and µPD80C35. 

~7 



N,PD80C48/80C35 

Operating Temperature  - 40°C to +$5°C 
Storaye Temperature (Ceramic Package)  -65°C to +150°C 
Storage Temperature (Plastic Package)  -65°C to +125°C 
Voltage on Any Pin VCC - 0.3V to VCC + 0.3V 
Supply Voltage V~ - 0.3 to +10V 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Expowre to absolute maximum rating conditions for extended periods may affect device 

reliability. 

'Ta = 25°C 

Ta =-40°C to+85°C; VCC' VDD -+5V x 10%, V~-OV 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITION$ MIN TYP MAX 

Input Low Voltage 
(All Ezcep[ XTAL t, XTAL 2) 

VIL -0.3 0.8 V 

Input High Voltage 
(All Except XTAL 1, XTAL 2, RESET) VIH VCC-2 VCC V 

Input High Voltage 
(RESET, XTAL t, XTAL 21 VIHI VCC- t VCC V 

Output Low Voltaga (BUS, RD, 
WR, PSEN, ALE) VOL 0.45 V IOL -2.0 mA 

Uutput Low Voltage (All Other 
Outputs Except PROGI VOL1 0.45 V IOL - 1.6 mA 

Output Low Voltage (PROGI VOL2 0.45 V 

Output High V°Itage (BUS, RD, 
WR, PSEN, ALE) VOH 2.4 V IOH `-100 µA 

Output High Voltage (All Other 
OutPutal VOH7 2,4 V ION' -SD PA 

Input Curren[ (Part 1, Port 21 IILP -160 pA VIN < VIL 

Input Curcem (S5, RESETI IILC -40 MA VIN ~ VIL 

Input Leakage Curmnt 

(Tt, EA, INT) IIL 21 µA VSS ~ VIN ~ VCC 

Output Leakage Current 
(BUS, TO —High Impedance 6tetel IOL 31 µA VSS ~ VIN ~ VCC 

Total Supply Current IDD+ICC t0 mA Ta = 25°C 6 MMz 

Halt Power 6upply Current ICC 2 mA 6 MHz 

Stop Mode Supply Current ICC 20 µA 6 MHz 

READ, WRITE AND INSTRUCTION (ETCH —EXTERNAL 
DATA AND PROGRAM MEMORY 

Ta =-40°C to+85°C;VCC~VDD=+5Vx10% VgS=OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST C 

CONDITIONS MIN TYP MAX 

ALE Pulse Width tLL 400 ns 

Address Setup before ALE tqL 150 ns 

Address Hold from ALE tLq 80 ns 

Control Pulse Width IPSEN, AD, WRI tCC 90U ns 

Data Setup before WR tpW 500 ns 

Data Hold after WR tyyp 120 ns CL = 20 pF 

Cycle Time tCy 2.5 15.0 µs 6 MHz XTAL 

Data Hold tpR 0 200 ns 

PSEN, RD to Data In tRp 500 ns 

Address Setup before WR igyy 230 ns 

Address Setup before Data In tqp 950 ns 

Address Float to R0, PSEN tgFC 0 ns 

Notes: 0  For Control Outputs: CL = 80 pF 

For Bus Outputs: CL = 150 pF 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

AC CHARACTERISTICS 



~PD80C48/80C35 

AC CHARACTERISTICS Ta =o Cco 

(CONY.) 

PORT 2 TIMING 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TVP MAX 

Port Coniroi Setup oeiore Fall ing 
tCp 110 ns Edge of PROG 

Port Conirol Hold after Fall lny 
tpC 140 ns Edge of PROG 

PROG ro Tlme P2 Input must he 
Val ld tpR B10 ns 

Output Data Setup Tlme tpp 220 ns 

Output Data Hold Time tpp 65 ns 

Input Data Hold Time tpp 150 ns 

PROv Fuhe bV~dih tpp iRtO ns 

Port 2 I!O Data Setup tpL 400 ns 

Port 2 IIO Data Hold tl p 150 ns 

TIMING WAVEFORMS ~ HALT MODE IwREN EIS 

CPU 

OSC __J U U L_J U L 

INTERNAL / 

CLOCK 

HALT F'F 

INT 

21 STOP MODE 

RESET 

VDD 

INT EX ECUTE 

OSC ~—_ 

INTERNAL 

CLOCK 

ALE 

PSEN 

BUS 

____J U IJ L____ 

\  , 1 

OSC STARTS 

CPu ~l 

LOW POWER STANDBY OPERATION 

tAD 

tCV 

ADRS 00001H ~.

INSTRUCTION 

INSTRUCTION FETCH FROM EXTERNAL MEMORY 

349 



~t PD80C48/80C35 

ALE 

RD 

BUS 

ALE 

WR 

.READ FROM EXTERNALDATA MEMORY 

tCY 

FLOATING 

AFC 

SAD 

tRD 

'y'll D R 

rr 

WRITE TO EXTERNAL MEMORY 

FLOATING 

BUS FLOATING 

tCC~ 

f'~-S AW 

PORT 2 TIMING 

~DW 
FWD 

FLOATING 

TIMING WAVEFORMS 
(CbNT.) 
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ftPD80C48/80C35 

NEW FEATURES 

STOP MODE 
TIMING DIAGRAM 

POWER STANDBY CONTROL 
BLOCK DIAGRAM 

The NEC µPD80C48/µPD80C35 contains all the functional features of the industry 
standard 8048/8035. The power down mode of the µPD8048 is replaced with two 
additional power standby features for added power savings. Depending on desired 
power consumption savings and internal logic status maintenance, the Halt Mode or 
Stop Mode may be used. 

Halt Mode 

The µPD80C48/80C35 includes a Halt instruction (01 H) — an addition to the standard 
8048 instruction set. Upon execution of the Halt instruction, the µPD80C48 enters 
a Halt mode where the internal clocks and internal logic are disabled. The oscillator, 
however, continues its operation. The state of all internal logic values and control 
status prior to the halt state is maintained. Under the Halt mode of operation, power 
consumption is less than 10% of normal µPD80C48 operation, and 1% of 8048 
operation. 

The Halt mode is released through either of two methods: an active input on the INT 
line or a reset operation. Under the Interrupt Release mode, if interrupts are enabled 
(EI Mode), the INT input restarts the internal clocks to the internal logic. The 
µPD80C48 then executes the interrupt service routine. 

If interrupts are disabled (DI Mode), an INT active signal causes the program operation 
to resume, beginning from the next sequential address after the Halt instruction. 

A RESET input causes the normal reset function which starts the program at 
address OH. 

Note: The VCC range under Halt mode must be maintained at+5V ± 10%, as in 
normal operation. 

Stop Mode 

The Stop mode provides an additional power consumption savings over the Halt 

mode of operation. The Stop mode is initiated by forcing Vpp to the low state 
during a RESET low. While in the Stop mode, oscillator operation is discontinued 

and only the contents of RAM are maintained. 

The µPD80C48 is released from the Stop mode when Vpp is forced high during a 
RESET low. Clock generation is then restarted. When oscillator stabilization is 
achieved, RESET is pulled high and the program is restarted from location 0. 

Note: To insure reliable Stop mode operation, when releasing the Stop mode 
Vpp must be brought back up to +5V ± 10%. The Vpp pin must be protected 

against noise conditions since it controls oscillator operation. As under normal 

operation VCC should be maintained at+5V ± 10%. RESET must be held low 
after oscillation stoppage until it is desired that the oscillator be restarted. 

~+ o 
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ft PD80C48/80C35 
INSTRUCTION SET 

MNEMONIC ~ FUNCTION DESCRIPTION D7 D[ 

INSTRUCTION CODE 

05 Oq DO Dp D7 O~ CYCLES BYTES ( 

FLAGS 

C AC FO F1 

ACCUMULATOR 

ADD A, ~~ data IAI ~ lAl + tlata Add Immediate <he specif ied Data to the D D 0 0 0 0 i l z 2 

Accumulator. d7 d6 d6 dq d0 d2 tlt tlp 

ADD A, Rr IAI ~ IAI +IRrI 
forr=0-7 

Atld contents of designated register [o 
the Accumulator. 

0 1 0 t 

ADD A, @ R. I AI~ IAI+IIRrII 
IOr1.0 1 

Atld Indirect the contents the tlata 
memory IOcetion to th<Accu mulator. 

0 t 0 0 0 0 r 

A DDC A. =data I AI ~ IAI+ICI+data Add Immediate with carry the specified 0 0 0 t 0 0 1 1 2 2 

data ro the Accumulator. tl7 d6 d6 dq d3 tl2 dl d0 

ADDC A, Rr IAI • IAI +ICI +IRrI 
l orr=0 7 

Atld w+th Carry the Contents of Ne 
designated register [o the Accumulator. 

0 t 1 1 1 

ADDC A. @ Rr IAI ~ IAI ~ ICI + IlRrll 
Iorr=O 1 

Add Intlirect with Carry the contents of 

data memory location to the 
0 t 7 0 0 0 r 

Accumulator. 

ANL A, _= data IAI ~ r1 Al AND tlata Logical and specif letl Immediate Data 0 t 0 t 0 0 1 1 2 

with Accumulator. a7 d6 tl6 tlq d3 d2 d7 dp 

ANL A, Rr IAI ~ IAI ANO IRrI 
forr-0 7 

Logical and Conten L• of designated 
register with Accumulator. 

0 t 0 t t 

ANL A.@R. IAI ~ IAI AND Il Rrll 
forr=0 1 

Loy~cal and Indirect the cOnlen is of data 
memory with Accumulator. 

0 1 1 0 0 0 

CPL A IAI ~ NOT IAI Complement the contents Of the 0 0 1 0 1 1 

Accumulator. 

CLR A IAI 0 CLEAR the contents o1 the Accumulator. 0 0 0 0 1 

DA A DECIMAL ADJUST theconten [s of the 0 1 1 0 1 

Accumulator. 

DEC A IAI IAI 1 DECREMENT by 1 the accumulbtor's 0 0 9 0 0 
COntenls. 

INC A IAI IAI • 1 Increment by 1 the accumulator's 
contents. 

0 0 0 t 0 i 

ORL A, ~~ tlata IAI ~ IAI OR data Logical OR spec dietl lmmetlia [e date 0 t 0 0 0 0 I 1 2 2 _ 
with accumulator d7 d6 tl6 dq d3 a2 dt d0 

ORL A, Rr IAI ~ IAI OR IR rI 
for r = 0 7 

Loq~cal ORcontents of designated 
ragiste~ with Accu mulatpr. 

0 t 0 0 t 

ORL A,~ Rr iAi ~ iAl GR ii Fail 
forr=0 1 

Logical OR Indirae[ tM co ntenb of data 
nrmory lontian With AccumVlator. 

0 1 0 0 0 0 0 

RL A IAN' 11 ~ IANI Rot to Accumulator left by t~bit without t 0 0 t 

IA01 — IA 71 Carry. 

R LC A 

I orN=O 6 
IAN *. 11-~ IANI:N=O 6 
IA01 — ICI 

Rotate ACLU TVIdIOr left by s~b it through 
carry. 

t 0 

ICI ~ IA 71 

RR A IANI—IAN*t1;N*0 6 
IA71 IApI 

Rotate Accumulator right by 1-bit 
without tarry. 

0 1 0 

RRC A IANI--IAN +i1:N=0-6 
IA71 ICI 

Rotate Accumulator right by 1-bit 
through carry. 

0 1 0 0 

ICI ~ IA01 

SWAP A IAq.71 .' IAO 31 Swap the 2 4~bit nibbles in the 0 1 0 0 0 
Accumulator. 

XR L A, = data IAI - IAI %OR data Logical XOR spec died immediate tlata 1 1 0 1 0 0 1 1 2 2 
w~tn Accumulator. d7 tl6 d5 dq d0 tl2 dt d0 

%RL A, Rr IAI ~ IAA%OR IRrI 
Iprr=O-7 

Logcal XOR contents of designated 
regmer with Accumulator. 

1 t 0 1 1 

XRL A, @ Rr IAI ~ IAI XOR IlR rll 
Iorr=O—t 

Logical XOR Indirect the contents of data 
memory location with Accumulator. 

7 1 0 0 0 

BRANCH 

DJNZ Rr, addr IRrI --IRrI - t;r=0 7 Decrement Cite spec died register and 1 1 1 0 7 2 2 
II IRrI . 0'. test contenrs. a7 a6 a6 a4 a3 a2 at a0 

IPC 0 71 ~- addr 
JBb atltlr IPC 0 71 •- atldr d Bb = i Jump t0 specified adtlress if b2 bt b0 1 0 0 1 0 2 2 

IPCI IPCI+2i1 Bb -0 Accumulator bit ~s set. a7 a6 a5 aq a3 a2 at ap 

JC atlas IPCO 71—addr ilC=1 Jump to specified address d carry Ilag 1 1 1 1 0 1 t 0 2 2 

IPCI IPCI+2ifC 0 rs set. a7 a6 a6 aq a3 a2 at a0 

JFO addr IPC 0 71 • addr if FO = 1 Jump to specified address II Flag FO Is 1 0 t 1 0 1 1 0 2 2 
IPCI ~ IIPCI + 2 it FO 0 a7 a6 a5 aq a3 a2 al ap 

JF1 atltlr IPC 0 71 • addr if F 1 = 1 Jump tp specif ietl address d Flag F1 i5 0 t 1 1 0 I t 0 2 2 

IPCI ~ IPCI + 2 d F1 0 a7 a6 a6 aq a3 a2 al ap 

JMP addr IPC 8 101 ~ addr 8 t0 Direct Jump to spen iced atldress within a10 a9 ag 0 0 t 0 0 2 2 

IPC 0 71 ~ addr 0 7 the 2K address block. a7 a6 a5 aq a3 a2. at a0 

IPC 111 • DBF 

JMPP @ A IPC 0 71• IIAII Jump Intlirect to specified address with 
with adtlress page. 

0 t 0 0 t 1 

JNC atldr IPCO 71• addr ilC=O Jump to specified adtlress it carry nag Is 1 1 1 0 0 t t 0 2 2 

IPCI IPCI+2i1C 1 low. a7 a6 a6 aq a0 a2 at ap 

JNI atltlr IPC 0 71 ~ addr it I - 0 Jump to specif red atltl.esi it interrupt t 0 0 0 0 t 1 0 2 1 

I PCI ~ IPCI+2A1 1 i5 low. a7 ag as aq a3 a2 at ap 
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N, PD80C48/80C35 

INSTRUCTION SET (CONY.) 

I INSTRUCTION 

MNEMONIC FUNCTION DESCRIPTION I 

CODE 

D7 D6 DS Dq D3 Dy D1 Dp CYCLES IBVTES 

FLAGS 

C AC FO F7 

BRANCH ICONT.) 

JNTO atltlr IPC 0 - 71 -- add. ,f TO = 0 Jump to specified atltlress it Test 0 n low. 0 0 t 0 0 1 t 0 Z 2 
IPCI •- IPCI a 2 is TO = 7 a7 a6 a5 aq a3 a2 at a0 

JNTI atldr IPC 0 - 71 -atldr if Tt = 0 Jump to specl(letl atltlress II Test 1 rs low. 0 t 0 0 0 1 t 0 2 7 
IPCI ~ IPCI a j d T1 = 1 a7 a6 a5 aq a3 a7 al ap 

JNZ atltlr IPC 0~ 7i -edtlr it A= 0 Jump to spetl(ietl address If accumulator 1 0 0 1 0 1 1 0 2 7 
IPCI ~ IPCI • 21t A - 0 n non zero. a7 a6 a5 aq a3 a2 at a0 

JTF atldr IPC 0- 71 -atldr if TF = 1 Jump to specified atltlress if Timer Flag 0 0 0 t 0 1 t 0 2 Z 
IPCI ~ IPCI . 21f TF = 0 Is ut to '. , a6 a5 a0 a3 a2 at a0 

JTO atltlr IPC 0 - 71 -atltlr i1 TO = 1 Jump to spec lr led atltlress ,t Test 0 rs a 0 0 t 1 0 1 1 0 < < 
IPCI - IPCI a 2 it TO = 0 a7 a6 a5 a4 a3 a2 at a0 

JTI atltlr IPC 0 ~ 71 • atldr it Tl = 1 Jump to speed ietl atltlress it Tes[ 1 ,s a 1. 0 t 0 1 0 1 1 0 7 Z 
IPCI ~ IVCI . 2.l Tt = 0 a7 a6 a6 a4 a3 a2 a1 a0 

JZ atltlr IPC 0 - 71 -edtlr if A = 0 Jump to specified atltlress if Accumulator t t 0 0 0 t 1 0 ~ 2 
IPCI • IPCI • Z,r A 0 is 0. a7 a6 a$ aq a3 a2 at ap 

CONTROL 

EN 1 Enable the External Interrupt input. 0 0 0 0 0 t 0 1 1 

OIS I Disable the External Interrupt input. 0 0 0 1 0 1 0 1 1 t 

ENTO CLK Enabe the Clock Output pin T0. 0 1 1 t 0 t 0 1 1 t 

SEL MBO IDBF 1• 0 Select Bank 0 Ilocatlons 0 20671 of 1 1 1 0 0 t 0 7 1 7 
Program Memory. 

SEL MBt IDBfI ~ 1 Select Bank 1 Ilocatlons 2046 4095101 1 1 1 1 0 t 0 t ~ 1 
Program Memory. 

SEL RBO IRSI ~ 0 Select Bank O Vocations 0- 71 of Data 1 t 0 0 0 t 0 t 
Memory. 

SEL R81 IBSI ~ 1 Select Bank 7 Ilocatlons 2q 311 0l 1 1 0 t 0 t 0 t 
Data Memory. 

HALT Initiate Halt State 0 0 0 0 0 0 0 t t I 

DATA MOVES 

MOV A, :: data IAI ~ data Move Immetliate the specified data ,nto 0 0 1 0 0 0 1 2 
Ina Accumulator. d7 tl6 d$ dq tlg dZ dt d0 

MOV P, Rr IAI ~ IRII; r 0 7 Move the contents of the des,gnatetl 
registers into the Accumulator. 

7 1 1 1 1 r r r 1 I 

MOV A, @ Rr IAs ~ IIR.11; r = 0 1 Move Indirect the contents of tlata 
memory IOCdtiOn ,nt0 the A<Cumplalp, . 

1 1 1 1 0 0 0 t 

MOV A, P$W IAI ~ IPSWI Move consents OI the Program $talus 1 1 0 0 0 1 1 1 1 t 
Wp.tl Into the Accumulator. 

MOV R., .: data IR.1 ~ data: r - 0 7 Move Immediate the specif ietl data into 1 0 1 1 t 2 
the des,gnatetl register. tl7 tl6 tlg tlg d3 d2 tl t tl0 

MOV RI , A IRrI ~ IAI: r- 0 7 Move Accumulator Contents Into the 
designated register. 

1 0 t 0 1 r r r t I 

MOV @ Rr. A IlRrll ~ Iql: r= 0 1 Move Intli.ett Accumulator Contents 1 0 1 0 0 0 0 r t t 
Into data memory IOcatipn. 

MOV @ Rr. :. tlata IlRrll ~ tlata: r 0 t Move Immediate the specdied data into 1 0 t 1 0 0 0 7 
data memory. d7 tl6 tl6 tl6 d3 d2 dt tlp 

MOV PSW, A IPSWI ~ IAI Move contents oI Accumulator into the 
prpg.am status wortl. 

1 1 0 1 0 t 1 1 i t 

MOVP A, @ A IPC 0 71 ~ IAI Move tlata In the current page into the 1 0 1 0 0 0 1 1 2 t 
IAI ~ IIPCII Accumulator. ' 

MOVP3 A. @ A IPC 0 71 ~ IAI Move Program data ,n Page 3 Into the 1 1 1 0 0 0 t l 2 1 
IPC8 101 Otl Accumulator. 
IAI IIPCII 

MOVX A, @ R IAI ~ IlRrll: r ~ 0 1 Move Indirect the contents of external 
tlata memprY into the Accumulator. 

1 0 0 0 0 0 0 r 2 I 

MOVX @ R, A IlRrll ~ IAI; r ~ 0 1 Move Indirect the <pnteni5 0( the 1 0 0 1 0 0 0 r 2 1 
Accumulator into external data memory. 

XCH A, Rr IAI ~ IRrI:. = 0- 7 Exchange the Accumulator and 
designated register's contents. 

0 0 1 0 1 . r r t t 

XCH A, @ Rr IAI .' IIRri 1: r = 0 - 1 Exchange Indirect contents of Accumu~ 
talon and location in data memory. 

0 0 t 0 0 0 0 r 1 

XCHD A, @ Rr IA 0 31 '. IlRrll 0- 311: 
r . p - t 

Exchange Indirect 4~b,t contents of 
Accumulator antl tlata memory. 

0 0 t t 0 0 0 r 

FLAGS 

CPL C ICI ~ NOT ICI Complement CoOtent 01 carry bi,. 1 0 1 0 0 t 7 1 1 

CPL FO IF01 ~ NOT IF 01 Complement Content of Flay F0. 1 0 0 1 0 1 0 1 1 1 

CPL F1 IF11 ~ NOT IFtI Complement Content of Flag F1 t 0 1 1 0 1 0 t 1 

CLR C ICI ~ 0 Clear Content of carry bit to 0. 1 0 0 t 0 7 t t t t 

CLR FO IF01~ 0 Clear convent of Flag0to 0. t 0 0 0 0 t 0 1 t I 

CLR F1 IF11 ~ 0 Clear Content Of Flag 1 to 0. t 0 1 0 0 1 0 1 1 t 
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µ PD80C48/80C35 INSTRUCTION SET (CONY.) 

MNEMONIC FUNCTION DESCRIPTION D7 D6 

INSTRUCTION CODE 

D5 D4 D3 D2 Oi DO CYCLES BYTES 

FLAGS 

C AC FO Ft 

INPUT/OUTPUT 

4NL BUS. = tlata IBU51 ~ IBUSI AND tlata Logical antl Immediatespecified data t 0 0 t t 0 0 0 2 2 

with contents of BUS. d7 tl5 d5 dq tl3 d2 dt dp 

ANL Po. = tlata IPpI • IPpI AND data Logical antl Immediate specilietl data 1 0 0 1 t 0 D P 2 2 
p ' 1 2 with designated Port 11 or 21 d7 d6 tl5 d4 d3 d2 dl d0 

ANLO Pp, A IPDI ~- IPpI AND IA 0 31 
p . 4 ] 

Logical and Contents of Accumulator with 
designated Dort I4 71. 

1 0 0 1 1 1 p p 2 1 

IN A, PD IAI' IPP1; p' 1 2 Input data from designated port i1 21 
into Accumulator. 

0 0 0 0 1 0 p p 2 1 

INS A, BUS IAI • IBUSI Input strobetl BUS tlata into Accumulator. 0 0 0 0 1 0 0 0 2 t 

MOVD A, Pp IA 0- 31 - IPpI: p = 4 7 Move contents of designated port 10 71 0 0 0 0 t t n' P 2 1 

IA 4 71 ~- 0 ~nro Accumulator. 

MOVD Pp, A IPpI - A O 3; p= 4 7 Move convents of Accumulator [0 
designatetl port I4 71. 

0 0 t t 1 1 p p t t 

ORL BUS, =data IBU51 • IBUSI OR data Logical or Immetliate specdied data with t 0 0 0 1 0 0 0 2 2 
contents of BUS. d7 d6 tl5 dq d3 d2 dt d0 

ORLD Pp, A IPp) •- IPp) OR IA 0 31 
p _ 0 7 

Logical or contents of Accumulator with 
designatetl port 14 71. 

1 0 0 0 1 1 p o 1 1 

ORL Pp, =data IPDI • IPDI OR data Logical or Immediate specifietl tlata with 1 0 0 0 I 0 p p 2 2 
p , t 2 tlestgnareo port l7 21 d7 d6 tl5 dq d3 tl2 tl t tlp 

OUTL BUS, A IBUSI • IAI Output cbntenta Ot Accumulator onto 0 0 0 0 0 0 1 0 7 1 
BUS. 

OUTL Pp, A IPpI ~ IAI: p- 7 2 Output contents of Accumulator to 
designatetl pat 11 21. 

0 0 t 1 t 0 p p t t 

REGISTERS 

DEC Rr IRrI IRrI ~ IR rI t; r= 0 7 Decrement by 1 Contents of tles~gnated 
register. 

7 t 0 0 t r r 1 t 

INC Rr IRrI • IRrI +1; r= 0 7 Increment by 1 contents of tles~gnatetl 
register. 

0 0 0 1 1 r r r 1 1 

INC @ R~ IlRrll ~ IlRrll + is 
r = 0 t 

Increment Intluect by 1 the contents of 
tlata memory locebon. . 

0 0 0 1 0 0 0 ~ 1 

SUBROUTINE 

CALL addr fI5P11 ~ IPCI, IP$W 4 71 Call designatetl Subroutine. at0 ag ap t 0 1 0 0 2 2 

ISPI ~ ISPI + 1 a7. a5 a5 aq a3 a2 al a0 
IPC 8 101 ~ addr 8 10 
iPCO 71 ~-addr0 7 
IPC t 11 ~ DBF 

PET ISPI ~ ISPI t 
IPCI ~ IISPII 

Return from Subroutine without 
restoring Program Status Word. 

t 0 0 0 0 0 1 t 2 t 

RETR ISPI ISPI 1 Return lrom SWroutina resmring 1 0 0 t 0 0 1 1 2 1 
IPCI ~ IISPII Proyram Status Word. 
IPSW 4 71 ~ IISPII 

TIMER/COUNTER 

EN TCNTI Enable Internal interrupt Flay for 0 0 1 0 0 t 0 1 t t 
Timer/Counter output. 

DIS TCNTI Disable Internal Interrupt Flag for 0 0 t 1 0 1 0 1 t 1 
Timer/DOp nter output. 

MOV A, T IAI ~ ITI Move contents of Timer/Counter into 0 1 0 0 0 0 t 0 t t 
Accumulator. 

MOV T, A ITI • IAI Mave contents of Accumulator into 0 1 1 0 0 0 1 0 1 1 

Timer/Counter. 

STOP TCNT Stop Count for Event Counter. 0 1 1 0 0 1 0 1 7 1 

STRT CNT Start Count for Event Counter. 0 1 0 0 0 7 0 1 t t 

STRT T $tart Count for timer. 0 i 0 I 0 t 0 1 t , t 

MISCELLANEOUS 

NOP No Operauon perlormed- 0 0 0 0 0 0 0 0 t 1 

Notes: Ot  Instruction Code Designations r antl p form the binary representation of the Register and Ports involved. 

Q The dot untler the appropriate flag bit inacates that its cpntent is subtect Ia change b [he instruction it appears in. 

O3 References to the adorers and data are 5pecihed in bytes 2 and/or f of the tnstrucoon 

Q Numerical $ubsCr~Dts appearing in the FUNCTION cdumn reference the spec if is bits Ilec[etl. 

Symbol Definitions: 

SYMBOL DESCRIPTION 

A The Accumulator 

AC The Auxiliary Carry Flag 

addr Program Memory Address (12 bitsl 

Bb Bit Designator Ib = 0 — 71 

BS The Bank Switch 

8US The 8US Port 

C Carry Flag 

CLK Clock Signal 
CNT Event Counter 

D Nibble Designator 14 bits) 

data Number or Expression 18 bits) 
DBF Memory Bank Flip-Flop 

F0, Ft Flags O, 1 

I Interrupt 

P "In~Page" Operation Designator 

SYMBOL DESCRIPTION 

Pp Port Designator (p = 1, 2 or 4 — 71 

PSW Program Status Word 

Rr Register Designator Ir = 0, 1 or 0 — 71 

SP Stack Pointer 

T Timer 

TF Timer Flag 

Tp, Tt Testable Flags 0, 7 

X External RAM 
= Preflx for Immediate Data 
@ Prefix for Indirect Address 

$ Program Counter's Current Value 

Izl Contents of External RAM Location 

Ilzll Contents of Memory Location Addressed 
by the Contents of External RAM location. 

Replaced BV 
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N.PD80C48/80C35 

LOGIC SYMBOL 

X TAL 

Ei PORT =1 

PORT =2 
8 

RESET - READ 

SINGLE _ 
STEP µPD 

-i WRITE 

EXTERNAL 80C48/ _ 

MEMORY 
80C35 

PROGRAM STORE 
~i 

ENABLE 

TEST 
ADDRESS LATCH 

ENABLE 

INTERRUPT-

BUS E~ 
PORT EXPANDER 

8 STROBE 

PACKAGE OUTLINES 
µPD80C48C 

A 

µPD80C35C H-~ ~~--
^ ~i ~ler- ~j c F-

J ll L ~ ~ 
D 

E 

µPD80C48D 
µPD80C35D 

(Plastic) 
ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 
e 1.62 0.064 

C 2.54 t 0.1 0.10 ± 0.004 

D 0.5±0.1 0.019r 0.004 

E 48.26 i.9 
F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

I 5.22 MAX 0,206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 
~ 0. I + 0.004 

M 0.25 
0.05 

0.010 
0.002 

A 

HTII }~11f if tf tf t if tf ij Z if tf if tf ~ tf t tf if f tt  ~G 

-1i3i~ J ~IFF- 
~ C ~ ~ D  I~ IL ~ ~_ 

 E 

(Ceramic) 
ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ' 0.7 0.100 ~ 0.004 
0 0.50 a o. t 0.0197 `- 0.004 

E 48.26 ± 0.2 1.900 ~ 0.008 

F 1.27 0.050 

G 3.2 MIN 0.128 MIN 

H 1.0 MIN 0.04 MIN 

I 42 MAX 0,17 MAX 

J 5.2 MAX 0.205 MA% 

K 15.24 a 0.1 0.6 ' 0.004 
. p.2 ~ 0.008 

L 13 5 
0 25 

0.531 
0.010 

M 0.30x0.1 0.012±0.004 

~ 
lI J 

K 
L 

`t~ 
0' - 15`~ 'r 

80C48/SOC35DS-11-80-CAT 
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NEC Microcomputers, Inc. 

HIGH PERFORMANCE 
SINGLE CHIP 8-BIT MICROCOMPUTERS 

NBC 
µ PD8049 
µ PD8039L 

DESCRIPTION The NEC µPD8049 and µPD8039L are single chip 8-bit microcomputers. The processors 
differ only in their internal program memory options: the µPD8049 has 2K x 8 bytes 
of mask ROM and the µPD8039L has external program memory. Both of these devices 
feature new, high performance 11 MHz operation. 

FEATURES High Performance 11 MHz Operation 
• Fully Compatible with Industry Standard 8049/8039 
• Pin Compatible with the µPD8048/8748/8035 
• NMOS Silicon Gate Technology Requiring a Single +5V ±10%.Supply 
• 1.36 µs Cycle Time. All Instructions 1 or 2 Bytes 
• Programmable Interval Timer/Event Counter 
• 2K x 8 Bytes of ROM, 128 x 8 Bytes of RAM 
• Single Level Interrupt 
• 96 Instructions: 70 Percent Single Byte 

27 I/O Lines 
• Internal Clock Generator 
• Expandable with 8080A/8085A Peripherals 
• Available in Both Ceramic and Plastic 40-Pin Packages 

PIN CONFIGURATION TD [ i ao 
~ vcc 

XTAL 1 [ 2 39 T1

XTAL 2 C 3 38 ~ P27 
RESET [ 4 37 ] P26 

SS [ 5 36 ] P25 

I NT [ 6 35 ] P24 

EA [ 7 34 ] P17 

RD [ 8 33 ] P16 

PSEN [ 9 µPD 32 ] P15 

WR [ to 8049/ 31 P14 

ALE [ 11 8039E 30 ] P13 

DBO [ 12 29 ] P12 

D81 [ 13 28 ] P11 

DB2 C 14 z7 ] P10 
DB3 C 15 26 ] uDD 
D84 [ 16 25 ] PROG 
DB5 [ 17 24 ] P23 
D86 [ 18 23 ] P22 
Del  [ 1s zz ] Pz1 
vss [ zo z1 ] Pzo 
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TE T 1 

µ PD8049/8039L 
The NEC µPD8049 and µPD80391 are high performance, single component, 8•bit 
parallel microcomputers using N-channel silicon gate MOS technology. The µPD8049 
and µPD8039L function efficiently in control as well as arithmetic applications. The 
powerful instruction set eases bit handling applications and provides facilities for binary 

and BCD arithmetic. Standard logic functions implementation is facilitated by the 
large variety of branch and table look-up instructions. 

The µPD8049 and µPD8039L instruction set is comprised of t and 2 byte instructions 
with over 70 percent single-byte. The instruction set requires only 1 or 2 cycles per 
instruction with over 50 percent single-cycle. 

The µPD8049 and µPD8039L microprocessors will function as stand-alone micro-
computers. Their functions can easily be expanded using standard 8080A/8085A 
peripherals and memories. 

The µPD8049 contains the following functions usually found in external peripheral 
devices: 2048 x 8 hits of mask ROM program memory; 128 x 8 bits of RAM data 
memory; 27 I/O lines; an 8-bit interval timer/event counter; and oscillator and clock 
circuitry. 

The µPD8039L is intended for applications using external program memory only. It 
contains all the features of the µPD8049 except the 2048 x 8-bit internal ROM. The 
external program memory can be implemented using standard 8080A/8085A memory 
products. 

rowER suRVLv 

' ~VDD IVCC ~ ISS 

PROGRAM .5V GROUND 
SURPLY ILOW ROWER 

STANDBVI 

OpILLATOR 
EWENty 

I 

~Ab 

TIMER ANO 
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RUS BUFF ER 
roRT} 

PORT } LATCN ILOW EI 
4ND E%PANDER 

roRT I)o 
P;RT } 
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PROGRAM 
STgTUS 
wORD 
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ro o L c 
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LAi<N 
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INT RESET FROG EA x wLl RSEN 
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µ,PD8049/8039L 
PIN IDENTIFICATION 

PIN 
FUNCTION 

NO. SYMBOL 

1 TO Testable input using conditional transfer functions JTO and JNTO. The 
internal State Clock (CLK) is available to TO using the ENTO CLK 
instruction. TO can also be used during programming as a testable flag. 

2 XTAL 1 One side of the crystal, LC, or external frequency source. (Non-TTL 
compatible VIH•) 

3 XTAL 2 The other side of the crystal or LC frequency source. For external 
sources, XTAL 2 must be driven with the logical complement of 
the XTAL 1 input. 

4 RESET Active low input from processor initialization. RESET is also used for 
PROM programming verification and power-down (non-TTL com-
patible VIH1. 

5 SS Single Step input (active-low), SS together with ALE allows the 
processor to "single-step" through each instruction in program 
memory, 

6 I~ Interrupt input (active-low). INT will start an interrupt if an enable 
interrupt instruction has been executed. A reset will disable the inter-
rupt. INT can be tested by issuing a conditional jump instruction. 

7 EA External Access input (active-highl. A logic "1" at this input com-
mands the processor to perform all program memory fetches from 
external memory. 

8 RD READ strobe outputs (active-local. RD will pulse low when the proces-
sor performs a BUS READ. RD will also enable data onto the 
processor BUS from a peripheral device and function as a READ 
STROBE for external DATA MEMORY. 

9 PSEN Program Store Enable output (active-low). PSEN becomes active only 
during an external memory fetch. 

10 WR WRITE strobe output (active-local. WR will pulse low when the 
processor performs a BUS WRITE. WR can also function as a WRITE 
STROBE for external DATA MEMORY. 

11 ALE Address Latch Enable output (active-highl. Occurring once each cycle, 
the falling edge of ALE latches the address for external memory or 
peripherals. ALE can also be used as a clock output. 

12-19 DO-D7 BUS 8•bit, bidirectional port. Synchronous reads and writes can be per-
formed on this port using RD and WR strobes. The contents of the 
DO-D7 BUS can be latched in a static mode. 

During an external memory fetch, the DO-D7 BUS holds the least 
significant bits of the program counter. PSEN controls the incoming 
addressed instruction. Also, for an external RAM data store instruc-
tion the Op-D~ BUS, controlled by ALE, RD and WR, contains 
address and data information. 

20 VSg Processor's GROUND potential. 

21-24, 
35-38 

P20-P27: 
PORT 2 

Port 2 is the second of two 8-bit quasi~idirectional ports. For external 
data memory fetches, the four most significant bits of the program 
counter are contained in P20-P23. Bits P20-P23 are also used as a 
4-bit I/O bus for the µPD8243,INPUT/OUTPUT EXPANDER. 

25 PROG PROG is used as an output strobe for µPD8243's during I/O expan-
sion. When the µPD8049 is used in a stand-alone mode the PROG pan 
can be allowed to float. 

26 VDD VDD is used to provide+5V to the 128 x 8 bit RAM section. During 
normal operation VCC must also be +5V to provide power to the other 
functions in the device. Duringstand-by operation Vpp must remain 
at +5V while VCC is at ground potential. 

27-34 Pt Q-Pt ~: 
PORT 1 

Port 1 is one of two 8-bit quasi-bidirectional ports. 

39 T1 Testable input using conditional transfer functions JTi and JNT7. T1 
can be made the counter/timer input using the STRT CNT instruction. 

40 VCC Primary Power supply. VCC is +5V during normal operation. 
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N. PD8049/8039L 

Operating Temperature   0`C to+70°C ABSOLUTE MAXIMUM 
Storage Temperature (Ceramic Packagel   -65°C to +150°C RATINGS* 
Storage Temperature (Plastic Packagel   -65°C to +125°C 
Voltage on Any Pin   - 0.5 to +7 Volts 
Power Dissipation   1.5 W 

Note: Q1  With respect to ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

•Ta = 25°C 

Ta =0°C to+70°C; VCC = VDO `+SV a 10%; V5S -OV 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN TVP MAX 

Input Low Voltage 
(Atl Except XTAL 1, XTAL 21 VIL -0.5 0.8 V 

Input High Voltage 
VIH 2.0 VCC V 

(All Except XTAL 1, XTAL 2, RESETI 

Input High Voltage 
VIH1 3.8 VCC V 

(RESET, XTAL 1. XTAL 21 

Output Low Voltage (BUS, RD, 
WR, PSEN, ALE) VOL 0.45 V IOL = 2.0 mA 

Output Low Voltage (All Other 
Outputs Except PROG! VOLT 0.45 V IpL = I.6 mA 

Output Low Voltage (PROG) VpL2 0.45 V IOL = t.0 mA 

Output High Veltage (BUS, RD, 
WR, PSEN, ALE) 

Vpf{ 2.4 V IpH=-100µA 

Output High Voltage (All Other 
Outputs) VOH1 2.4 V IpH=-50µA 

Input Leakage Current 

(T), EA, INT) IIL t10 µA VS5 6  VIN <VCC 

Output Leakage Current 

(BUS, TO —High Impedance State) IOL *10 µA VCC> VIN> VSS+0.45V 

Power Down Supply Current Ipp 25 50 mA Ta = 25°C 

Total Supply Current IDD * ICC 100 7 70 mA Ta = 25°C 

DC CHARACTERISTICS 

LOGIC SYMBOL 

XTAL ~_ ~~► PORT r1 

PORT r2 
8 

RESET READ 

SINGLE 
STEP ~—+- WRITE 

EXTER NAI: 
MEMORY 

µPD 
8049/ 
8039E 

PROGRAM STORE 
_ 

ENABLE 

TEST ADDRESS LATCH 

ENABLE 

INTERRUPT 

PORT EXPANDER 
BUS 

B STROBE 
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µ PD8049/8039L 

AC CHARACTERISTICS 

TIMING WAVEFORMS 

READ, WRITE AND INSTRUCTION FETCH —EXTERNAL 
DATA AND PROGRAM MEMORY 

Ta , 0 C to ~70C: VCC - VDD - +5V 10%; VSS = OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

ALE Pulse Width tLL 750 ns 

AdcJress Setup before ALE tqL 70 ns 

Address Hold 'rom ALE tLq 50 ns 

Control Pulse Width IPSEN, RD, WRI tCC 300 ns 

Data Setup before WR tDW 250 ns 

Data Hold after WR tyyp 40 ns CL = 20 pF 03 

CyUe Tlme tCy 1.36 15.0 µs 

Data Hald tDR 0 100 ns 

P$EN, RD to Data In iRD 200 ns 

Address Setup before WR tqy,~ 200 ns 

Address Setup before Data In tAD 400 ns 

Address Float to RD, PSEN tgpC -40 ns 

Notes rJ For Control Outputs CL = SO pF 

02  For Bus Outputs CL = 150 pF 

tCy=1.36ps 

PORT 2 TIMING 
Ta = 0° C to +70`C; VCC = +5V - 10%; VSS = OV 

PARAMETER SVMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TVP MAX 

Port Control Setup be±ore Fal l ing 
Edge of PROG tCp 100 ns 

Port Control Hold after Fall ing 
Edge of PROG ipC 60 ns 

PROG to Time P2 Input must be 
Val id tpR 650 ns 

Output Data Setup Time tpp 200 ns 

Output Data Hold Time tpp 20 ns 

Input Data Hold Time tpp 0 150 ns 

PROG Pulse Width tpp 700 ns 

Port 2 ISO Data Setup tpL 150 ns 

Port 2 I/O Data Hold tLp 2p ns 

ALE 

PSEN 

BUS 

INSTRUCTION 

INSTRUCTION FETCH FROM EXTER'~AL MEMORY 
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/.t PD8049/8039L 

nee 

BUS 

ALE 

WR 

L 
f+--- tcc ~--~ 

I TIMING WAVEFORMS 
L— (CONY.) 

tAFC ~- - "I~DR 

READ FROM EXTERNAL DATA MEMORY 

I 
LCC~1 

BUS FLOATING 

ALE 

EXPANDER PORT 

OUTPUT 

EXPANDER PORT 

INPUT 

PROG 

WRITE TO EXTERNAL MEMORY 

- - tPL~ 

'WD 

-tLP 

PORT 2 TIMING 

DP~ -JtpD_ 

OUTPUT DATA 

PORT CONTROL 
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INSTRUCTION SET µ PD8049/8039L 

I MNEMONIC ( FUNCTION I DESCRIPTION ,D7 D6 

D6STD T1O03C0DT 
O/ Op CVCLES]BVTES'C AC A FO F7 

ACCUMULATOR 

ADD A, =data 

AOD A, Rr 

ADD A, @ Rr 

ADDC A. =data 

ADDC A, Rr 

ADDC A, @ Ri 

ANL A, = tlata 

ANL A, Rr 

ANL A, @ Rr 

CPL A 

CLR A 

DA A 

DEC A 

INCA 

ORL A. =data 

ORL A, Re 

ORL A, @ Rr 

RL A 

RLC A 

RR A 

RRC A 

$WAP A 

XRL A, =data 

%RL A, Rr 

XRL A, @ Rr 

1 AI ~ lAl +data 

IAI ~ IAl + IRrI 
to• r = 0 - 7 

IAI ~- IAI + llRrll 
for r = 0 1 

IAI ~ IAI +ICI +data 

IAI ~ IAI +ICI + IRrI 
for r = 0 7 

IAI ~ IAI . ICI +llRrll 
for r = 0 1 

IAI ~ IAI AND data 

IAI ~- IAI AND lRrl 
for r = 0 ] 

IAI ~ IAI AND llRrll 
for r = 0 i 

IAI ~ NOT IAI 

IAI ~ 0 

IAI - IAI 1 

IAI ~ IAI + t 

IAI ~ IAI OR data 

141 - IAI OR lRrl 
for r = 0 7 

IAI ~ IAI OR llRrll 
for r = 0 1 

IAN + 11 ~ IANI 
1A01 — IA71 
f p r N= 0- 6 
IAN + 11 •- IANI: N= 0 6 
IA01 —ICI 
ICI ~- IA71 

IANI —IAN + 11; N= 0 6 
IA71 IApI 

IANI —IAN + 11; N= 0- 6 
IA71 - ICI 
ICI • IApI 

IAq.71 . ~ IAp - 31 

IAI ~ IAI XOR data 

IAI ~ IAI XOR IRrI 
for r = 0 — 7 

IAI • IAI XOR IIR.11 
for r = 0 — 1 

AAtl Immediate the spend red Data to the 
Accumulator. 

Add contents of tlesignatetl registe. to 
me Accumulator. 

Atltl Induect Ine contents the tlata 
memory IOcdtiOn Io the Accumulator. 

Add Immediate with carry the specified 
data to the Accumulator. 

Add w~[h carry the contents of the 
tlesiynaretl regster to the Accumulator. 

Adtl Indnect with carry the contents of 
tlata memory Ipcdl~On to the 
Accu mulatar. 

Laglcal antl spenlietl Immediate Data 
with Accumulator. 

Logical antl contents of tlesignatetl 
register with Accumulator. 

Logical and Indirect the contents of data 
memo v with Attumulatpr. 

Complement the contents of the 
Accumulator. 

CLEAR the contents of the Actu mulator. 

DECIMAL ADJUST the consents of the 
A<cumula tor. 

DECREMENT by 1 the accumulator's 
convents. 

Increment by 1 the accumulator's 
con[encs 

Lo9~cal OR specified immediate data 
with Accumulator 

Logical 0R contenl5 of designated 
register with Attumulxtor. 

Logical OR Indirect the contents of data 
memory location with ACCpmuldipr. 

Rotate Accumulator left by 1-b.t w~tnout 
ca rv. 

Rotate Accumulator lest by t -bit thrpugh 
ca«y. 

Rotate Accumulator «got by t-bd 
without ca« y. 

Rotate Accumularor right by t bit 
through carry. 

Swap the 24~bit nibbles in ine 
Accumulator. 

Logical XOR spec dietl ~mmed~ate data 
with Accumulator. 

Log~cat xOR contents of design aced 
•egnter with Accumulator. 

Logical xOR Indirect me contents of data 
memory location with Accumulator. 
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• BRANCH 

DJNZ Rr, atltlr 

JBb atltlr 

JC atltlr 

JFO atltlr 

JFt addr 

JMP addr 

JMPP @ A 

JNC atltl• 

JNI atltlr 

IRr1 — IRrI t; r = 0 7 
If IRrI s 0'. 
IPC 0 - 71 —addr 

IPC 0 71 —atltlr rf Bb = 1 
IPCI ~ IPCI + 2.f Bb . 0 

IPC 0 - 71 — atltlr d C = 1 
IPCI ~ IPCI • T .1 C - 0 

IPC 0 71 • atltlr rf FO = 1 
IPCI ~ IIPCI + 2 d FO 0 

IPC 0 71 - atltlr d F 1 - 1 
IPCI • IPCI + 2 if F1 0 

IPC B 101 ~ atltlr 8 10 
IPCO 71 • atltlr 0 7 
IPC 111 ~ DBF 

IPC 0 71 ~ IIAI I 

IPC 0 71 addr .1 C - 0 
IPCI ~ IPCI 2.I C I 

IPC O 71 ~ atltlr it 1 - O 
IPCI IPCI '2./1 1 

Decrement the specified rey~scer antl 
test contents. 

Jump to specif ~etl atltlress if 
Accumulator bit .s set. 

Jump t0 ipecil ietl dtltlress d carry Oag 
rs set. 

Jump to specrlitd atJd•ess it Flag FO is 
ser. 

Jump to specified address it Flaq F 1 .s 
set. 

Direct Jump to spec~r~ed adtl~ess w~tn~n 
the TK address Mock, 

Jump ~ntl~rect to spec dietl ndtliess with 
itM1 address uaye- 

Jump to spec~lietl address .1 ,:ai.v Day is 
low. 

Jump to sr c~f..d dtltlress ~1 intr.«u Pt 
plow. 
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N, PD8049/8039L 

INSTRUCTION SET (CONY.) 

MNEMONIr_ FUNCTION DESCRIPTION D7 D6 

INSTRUCTION CODE 

D5 D4 DS D2 Di DO CYCLES BYTES 

FLAGS 

C AC FO F1 

BRANCH ICONT.1 

JN TO addr IPC 0 - 71 •~ addr i( TO = 0 Jump to spec ditd address .1 Test 0 is low. 0 0 t 0 0 1 1 0 2 2 

IPC) -- IPCI ~ 2 it TO = 1 a7 ag as a4 a3 a2 al a0 

JNTt addr IPC 0 - 71 • adtlr it T1 - 0 Jump to specdied address .1 Test 1 .slow. 0 1 0 0 0 1 1 0 2 2 

IPCI ~ IPCI . 2 it Tt 1 a7 ag a5 as a3 a2 at a0 

JNZ addr IPC 0 71 •- addr A A• p Jump to xpecihM atldress II accumulator 1 0 0 t 0 1 1 0 2 2 

IPCI ~ IPCI ~ 2 it A 0 rs non zero. a7 a6 a5 aq a3 a2 at a0 

JTF addr IPC 0' 71 -addr if TF - i Jump to specified atldress d Timer Fleg 0 0 0 1 0 1 1 0 2 2 

IPCI ~ IPCI ~ 2.1 TF 0 is set so 1. a7 a6 a5 a4 a3 a2 at a0 

JTO addr IPC 0 -- 71 ̂  adtlr if TO = 1 lumF to specified atldress II Test 0 is a 0 0 1 I 0 1 t 0 ~ 2 

IPCI -- IPCI * 2 if TO = 0 a7 a5 a5 aq a1 a2 al a0 

JTI atldr IPC 0 71 • adtlr it T7 ~ 1 Jump to specdied address if Test 1 is a 1. 0 1 0 I 0 - 1 1 0 2 2 

IPCI ~ IPCI ~ 211 T7 0 a7 a6 a5 a4 a1 a2 al a0 

JZ addr IPC 0 - 71 •- atlI* it A = 0 Jump to specifietl atldress if Accumulator t t 0 0 0 1 1 0 2 2 

IPCI - IPCI ~ 2.1 A ~ 0 is 0. a7 a6 a5 a4 a3 a2 at a0 

CONTROL 

EN t Enable me External Interrupt input. 0 0 0 0 0 t 0 t 1 7 

DIS I Disable the External Interrupt Input. 0 0 0 1 0 1 0 t 1 t 

ENTO CLK Enabe the Clptk Output pin T0. 0 1 1 1 0 t 0 1 t t 

SEL MBO IDBF 1• 0 Select Bank 0 Oxahorls 0 20671 of 1 1 1 0 0 1 0 t t I 

Program Memory. 

SEL MBI IDBFI ~ 1 Select Bank 1 (locations 2048 0095) of_ 1 1 1 1 0 1 0 1 1 1 
Program Memory. 

SEL RBO IBSI ~ 0 Select Bank O Vocations 0- 71 of Data 1 1 0 0 0 7 0 1 ~ t 
Memory. 

SEL RBl IBSI ~ 1 Select Bank f Vocations 24 111 of 1 1 0 1 0 1 0 1 1 1 
Oata Memory. 

DATA MOVES 

MOV A, dale 141 - r1ala Mope Immr•d ~a to the spec Vied data into 0 0 1 0 0 0 1 1 2 2 
Ina Accumulator. d7 d6 d6 dq d3 tl2 dl d0 

MOV A, Rr IAI ~ (Rrl; r 0 7 Move the contents of the tlesignate0 
registers into the Accumulator. 

1 1 1 1 1 r r r t 1 

MOV A, @ Rr IAI • IIR.I1: r= 0 1 Move Indirect she contents of data 
memory IppallOn Into the Accumulator. 

t t 1 1 0 0 0 r t 1 

MOV A, PSW IAI ~ IPSWI Move contents of the Program Stasus t 1 0 0 0 1 1 t t 1 

Word into the Accumulator. 

MOV Rr, :: data IRrI - data; r = 0 7 Move Immediase the sl7ecdied dose into 1 0 1 1 1 2 2 

the designatetl register, d7 dg tl5 dq tl1 d2 dt d0 

MOV R.', A IRrI ~- IAI: r= 0 7 Move Accumulator Contents into the 
designated re9isrer. 

1 0 1 0 1 r r r 1 7 

MOV @ Rr, A IlRrll •- IAI: r- 0 1 Move Ind~recs Accumulator Contents 
into data memory location. 

1 0 1 0 0 0 0 r 1 / 

MOV @ Rr, =data IlRrll ~ data: r - 0 i Move Immediate the specified data Into 1 0 1 1 0 0 0 2 2 
tlata memory. 07 d6 d5 dq d1 d2 dt Op 

MOV PSW. A IPSWI ~ IAI Move contenrs of Accumulator Into the 
program status word. 

1 / 0 1 0 1 / 1 1 t 

MOVP A, @ A IPC 0 71 ~ IAI Move data in the current page into the 1 0 1 0 0 0 1 1 2 1 
IAI ~ IIPCII Accumulator. 

MOVP3 A. @ A IPC 0 71 • IAI Move Prog~ dose .n Page 3 mso the 1 1 1 0 0 0 1 t 2 1 

IPC 8 101 •' 071 Accumulator. 
IA) ~ IIPCIi ' 

MOVX A, @ R IAI - IIR.II: r- 0 1 Move Induect the contents of ezternal 
data memory into the Accumulator. 

t 0 0 0 0 0 0 r 2 1 

MOVX @ R. A IlRrll - IAI: r= 0 f Move Intluecs the contents of the 7 0 0 1 0 0 0 r 2 1 
Accumulator into ezternal data memory. 

XCH A, Rr IAI ~ IRrI: r= 0- 7 Ezchange the Accumulator and 
designated register's contents. 

0 0 1 0 1 r i r 1 1 

XCH A, @ Rr IAI .' IlRrll: r= 0- 1 Ezchanga Indirect contents of Accumu- 0 0 1 0 0 0 0 r 1 t 
Idtor and location in data memory. 

xCRD 4. C Rr lA O- 31 ~ tlRrll O- 311: 
r = 0. 1 

Ezchange Ind~.ecs 4-bn contenss of 
Accumulator and tlata memory. 

0 O t t 0 0 0 ~ 1 1 

FLAGS 

CPL C fCl ~ NOT iCl Complement Content o1 carry bit. t 0 1 0 0 1 t t t t 

CPL FO 1F01 -NOT IF01 Complement Content of Flag F0. 1 0 0 1 0 t 0 t t 1 

CPL F1 (F/1 ~ NOT IFI) Complement Content of Flag F1 1 0 1 t 0 1 0 1 1 1 

CLR C ICI ~ 0 Clear content of carry Uit to 0. 1 0 0 1 0 1 1 t 1 

CLR FO IF01 ̂  0 Clear content of Flag 0 to 0. t 0 0 0 0 1 0 t t 

CLR F1 IF11 • 0 Clear content of Flag 1 to 0. 1 0 1 0 0 1 0 1 t 1 

.7[7'a 



INSTRUCTION SET (CONY.) ~.PD8049/8039L 

MNEMONIC FUNCTION T DESCRIPTION D7 DS 

INSTRUCTION CODE 

D5 DO 03 D2 D1 DO CYCLE$ BYTE$ 

FlA,S 

C AC c0 FI 

INPUT/OUTPUT 

4NL BIJS, =data IBUSI ~ IBLSI AND data Logical and Immediate~suecil tetl data 1 0 0 1 1 0 0 0 2 2 
with contents of BUS. d7 d6 d5 d4 ct3 d2 tll tl0 

ANL Pp. =data IPpI ~ IPpI AND data Logical and Immediate specdied tlata t 0 0 1 1 0 p p 2 2 
P 1 2 wttn des.gnated port 11 0. 21 d] d6 tl6 d4 d3 d2 dl dU 

ANLD Pp. A IPpI • IPpI AND IA 0 31 
P 4 ] 

Logtcat and contents pl Accumulator with 
tlesignatetl port 14 71. 

1 0 0 1 1 1 p p 1 1 

IN A, Pp IAI ~ IPpI. p' 1 2 Input data Irom Cevgnated port it 21 
into Accumulator. 

- 0 0 0 0 1 0 p p 2 I 

IN$ A, BU$ IAI - IBUSI Inpus strobetl BUS tlata intp Accumutato~. 0 0 0 0 1 0 0 0 2 r 

MOVD A, Pp 

MOVD Pp, A 

IA 0 - 31 — IPpI. p = 4 ] 
IA4 71-0 

IPpI - A O 3: p -- 4 7 

Move contents of designated port 14 71 
into Accumulator. 

Move contents of Accumulator to 
designatetl port l4 71. 
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2 
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I 

r 

OR L BUS. -data IBU51 ~~ IBUSI OR tlata Logical or Immediate spec~lted data with t 0 0 0 t 0 0 0 .. 
contents o18V5. sl7 d5 d5 dq d3 d2 JI rl0 

OR LD Pp, A IPpI ~ IPpI OR IA 0 31 
p = 4 7 

Logical or contents of Accumulate vwth 
destgnatetl port 14 71. 

t 0 0 0 I I n .t t t 

ORL Pp, =data IPpI IPpI OR data Logical ar Immediate spec~l ietl data w~tn t 0 0 0 0 p 7 7 
p - 1 2 designated port I1 21 d7 rl6 dS d4 d3 d2 dl d0 

OUTL BUS, A IBU51 ~ IAI Output contents of Accumulator onto 0 0 0 0 0 0 1 C I r 
BUS 

DDTL Pp. A IPpI • Iql: p l 2 Output contents of Accumulator to 
designated port ll 21. 

0 0 1 1 1 C p u t t 

~ - REGISTER$ 

DEC Rr IRrI IR.1 •- IR rI 1, r = 0 7 Decrement by I contents pl designated 
register. 

t t 0 0 t r I 1 

INC Rr IRrI — IRrI +1, r = 0 ] Increment by 1 contents OI destynasetl 
regarer 

0 0 0 1 1 ~ ~ ~ 1 

INC @ Rr IlRrll • IlRrll + +.. 
r = 0 I 

Increment Indirect by t the cpnsen is of 
data memory Iocaoon. 

0 0 0 7 0 0 0 ~ I 

SUBROUTINE 

CALL addr IISPII ~ IPCI, IPSW 4 71 Call destgna[ed Subroutine. a t p ag aR t 0 t 0 0 

ISPI ~ ISPI + 1 a7 a6 a5 a4- a3 a2 at ap 
IPCB 101 addr8 t0 -
IPCO. 71•-addr0 7 
IPC 111 ~ DOF 

RET ISPI ~ (SPI i 
IPCI ~ IISPII 

Return Irom Subroutine wtihaut 
restoring Program $taros Worp-

I 0 0 0 0 0 I t 2 I 

RETR ISPI ~ ISPI I Return Irom Subroutine restor~ny I 0 0 t 0 0 i 1 1 t 
IPCI ~ IISPII Program Status Wortl. 
IPSW 4 71 ~ IISPII 

TIMER/COUNTER 

EN TCNTI Enable Internal ~nte.rupt Flag Ipr 
r~mewcopnter optnvt. 

0 0 I 0 0 t 0 I t i 

DIS TCNTI Disable Internal Interrupt Flag tpr 0 () 1 I 0 t 0 1 t t 
Timer/Counter ou[pu t. 

MOV A, T fAl ~ ITI Move contents of 7~mer/Counter mlo 0 I 0 0 0 0 I 0 7 t 
Accumulator. 

MOV T, A ITI ~ IAI Move contents of Accumulator Into - 0 t 1 0 0 0 1 0 1 1 
' T~merlCounrer. 

STOP TCNT SigP Gaunt for Event Coumer 0 t t 0 0 s 0 t t t 

$TRY CNT $tart Count for Event Counter. 0 1 0 0 0 1 0 I t t 

$TRY T $tart Count lo. Timer. 0 t 0 1 0 i 0 i ~.

MISCELLANEOUS 

NOP No Operanon performed. 0 0 0 0 0 0 0 0 ' 

Notes 01  Instruction Cade Designations r and p iprm the binary representation of me Regrsters and Ports ~nvo~vetl 

Q The dot untler the appropriate Ilag bit mdlcates that Its content ~s svblect (0 change by the instructipn ~t apPea~s ~n 

Q3 References to the adtlress and data are spec died .n bytes 2 andlor 1 of the mstivc [ton 

Q Numerical Subscrlpa appearing m the FUNCTION cdumn reference me spec Bic bits aUected. 

Symbol Definitions' 

SYMBOL DESCRIPTION 

A The Accumulator 

AC The Auxiliary Carry flag 

addr Program Memory Address 112 bltsl 

Bb Bit Designator (b = O — 71 
B$ The Bank Switch 

BUS The BUS Port 

C Carry Flag 

CLK Clock Signal 

CNT Event Counter 

D Nibble Designator 14 bits) 

data Number or Expression IB bitzl 

DBF Memory Bank Flip-Flop 

F0, F t Flags 0, t 

I Interrupt 

P "In-Page" Operat;on Designator 

SYMBOL DESCRIPTION 

Pp Port Designator Ip = 1, 2 or 4 - 71 

PSW Program Status Word 

Rr Register Designator (r = 0, 1 or 0 - 71 
SP $tack Pol rater 

T Timer 

TF Timer Flag 

T0, Tt Testable Flags 0, 1 

X External RAM 

= Prefix for Immediate Data 

@ Prefix for Indirect Address 

S Program Counter's Current Value 

1x1 Contents of External RAM Location 

11x11 Contents of Memory Location Addressed 
by the Contents of External RAM Location. 

- Replaced By 
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~c PD8049/8039L 

E 

(PLASTIC) 

ITEM MILLIMETERS INCHES 

A 51.5 MA9C. 2.028 MAX. 
8 1.62 MAX. 0.064 MAX. 
C 2.54±0.1 0.10±0.004 
D 0.5±0.1 0.019±0.004 
E 48.26 ~ 0.1 1.9 = 0.004 
F 1.2 MIN. 0.047 MIN. 
G 2.54 MIN. 0.10 MIN. 
H 0.5 MIN. 0.019 MIN. 
I 5.22 MAX. 0.206 MAX. 
J 5.72 MAX. 0.225 MAX. 
K 15.24 TYP. 0.600 TYP. 
L 13.2 TYP. 0.520 TYP. 

M 0.25 
+0.1 
-0.05 

0.010 
+0.004 
-0.002 

K 

J 

G 

(CERAMIC) 

ITEM MILLIMETERS INCHES 

A 51 .5 MAX. 2.03 MAX. 
B 1 .62 MAX. 0.06 MAX. 
C 2.54±0.1 0.1±0.004 
D 0.5±0.1 0.02±0.004 
E 48.26±0.1 1.9±0.004 
F 1.02 MIN. 0.04 MIN.' 
G 3.2 MIN. 0.13 MIN. 
H 1.0 MIN. 0.04 MIN. 
I 3.5 MAX. 0.14 MAX. 
J 4,5 MAX. 0.18 MAX. 
K 15.24 TVP. 0.6 TYP. 
L 14.93 TYP. 0.59 TVP. 
M 0.25 ± 0.05 0.01 ± 0.0019 

PACKAGE OUTLINES 
µPD8049C 
µPD8039LC 

µPD8049D 
µPD8039LD 

0-10°

8049/8039 LDS 12-80~ CAT 
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NBC 
NEC Microcomputers, Inc. 

DESCRIPTION 

FEATURES 

8-BIT N-CHANNEL MICROPROCESSOR 
COMPLETELY Z80T^" COMPATIBLE 

µ PDaso 
N. PD780.1 

The µPD780 and µPD780.1 processors are singlechipmicroprocessor5 developed from 
thirdyeneration technology.Their increased computational power produces higher 
system through-put and more efficient memory utilization, surpassing that of any 
secondyeneration microprocessor-The single voltage requirement of the µPD780 and 
µPD780-1 processors makes it easy to implement them into a system. All output sig• 
nals are fully decoded and timed to either standard memory or peripheral circuits. An 
N-channel, ion-implanted, silicongate MOS process is utilized in implementing the 
circuit. 

The block diagram shows the function's of the processor and details the internal register 
structure. The structure contains 26 bytes of Read/Write (R/W) memory available to 
the programmer. Included in the registers are two sets of six general purpose registers, 
which may be used individually as 8-bit registers, or as 6-bit register pairs. Also 
included are two sets of accumulator and flag registers. 

Through a group of exchange instructions the programmer has access to either set of 
main or alternate registers. The alternate register permits foreground/background mode 
of operation, or may be used !vr fast interrup? response. A 16-bit stack pointer is also 
included in each processor, simplifying implementation of multiple level interrupts, 
permitting unlimited subroutine nesting, and simplifying many types of data handling. 

The two i6•bit index registers simplify implementation of relocatable code and manipu-
lation of tabular data. The refresh register automatically refreshes external dynamic 
memories. A powerful interrupt response mode uses the I register to form the 
upper 8 bits of a pointer to an interrupt service address table, white the interrupting 
apparatus supplies the lower 8 bits of the pointer. An indirect call wilt then be made to 
service this address. 

• Single Chip, N-Channel Silicon Gate Processor 
• 158 Instructions — Including all 78 of the 8080A Instructions, Permitting Total 

Software Compatibility 
• New 4-, 8-, and 16-Bit Operations Featuring Useful Addressing Modes such as 

Indexed, Bit and Relative 
• 17 Internal Registers 
• Three Modes of Rapid Interrupt Response, and One Non-Maskable Interrupt 
• Directly Connects Standard Speed Dynamic or Static Memories, with Minimum 

Support Circuitry 
• Single-Phase +5 Volt Clock and 5 VDC Supply 
• TTL Compatibility 
• Automatic Dynamic RAM Refresh Circuitry 
• Available in Plastic Package 

PIN CONFIGURATION A1tC~ ~ A10 Qo 
Al2C 2 39 ] Ag 
A13C 3 38 ] AB 
A14 [ 4 37 A7 
A15C 5 36 ] A6 
~ [ 6 35 A5 

Dq [ 7 34 A4 
p3 [ 8 33 A3 
p5 C 9 32 ] A2 
D6 [ 10 µPD 3t ] Al 

+5V C 11 780/ 30 AO 
p2 C 12 780-7 zs ] GND 
p7 C 13 28 ] RFSH 
DD C 14 z7 ] M7 
pt C 15 26 ] RESET 

INT C i6 25 ] BUSRD 
NMI [ 17 24 ] WAIT 

HALT [ c8 23 ] BUSAK 
MHED ~ 19 22 ] WR 
IORo [ 20 zl ] RD 

TM:Z80 is a registered trademark of Zilog, Inc. 
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f,i,PD780 BLOCK DIAGRAM 

881T 
DATA BUS 

PROCESSOR 
SYSTEM PROCESSOR eU5 
CONTROL CONTROL CONTROL 

~O ~ = ~r _ 1  S Q 
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I~ ~ I4 ~°a ~~ I¢ x 3 (? Iz a m m 

1111111111111 
INSTRucnoN DEcoDE 

AND 

PROCESSOR CONTROL 

DATA BUS 
CONTROL 
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GND 

4 

ADDRESS 
CONTROL 

~6- IT 

ADDRESS BUS 

INSTRUCTION 

REGISTER 

MAIN REGISTER SET 

INTERNAL 
DATA BVS 

ALU 

ALTERNATE REGISTER SET 

ACCUMULATOR 

A 

FLAGS 

F 

ACCUMULATOR 

A' 

FLAG$ 

F' 

B C B' C' 

D _ D' E' 

H L H' L' 

INTERRUPT VECTOR I MEMORY REFRESH R 

INDEX REGISTER IX 

INOE%REGISTER IV 

STACK POINTER SP 

PROGRAM COUNTER PC 

SPECIAL PURPOSE REGISTERS 

PIN 

FUNCTION NO. SYMBOL NAME 

1-5, 
3640 

AO-A15 Address Bus 3-State Output, active high. Pins AO-A15 constitute a 
16-bit address bus, which provides the address for 
memory and I/O device data exchanges. Memory 
capacity 65,536 bytes. AO-A7 is also needed as 
refresh cycle. 

7.10, 
12-15 

DO-D7 Data Bus 3-State input/output, active high. Pins DO-D7 compose 
an 8-bit, bidirectional data bus, used for data exchanges 
with memory and I/O devices. 

27 M1 Machine Cycle 

One 

Output, active low. M1 indicates that the machine cycle 

in operation is the op code fetch cycle of an instruction 
execution. 

19 MREO Memory Request 3-State output, active low. MREO indicates that a valid 
address for a memory read or write operation is held in 
the address. 

20 TORO Input/Output 
Request 

3-State output, active low. The I/O request 
signal indicates that the lower half of the address bus 
holds a valid address for an I/O read or write operation. 
The TORO signal is also used to acknowledge an 
interrupt command, indicating that an interrupt 
response vector can be placed on the data bus. 

21 RD Memory Read 3-State output, active low. RD indicates that the 
processor is requesting data from memory or an 
I/O device. The memory or 1/O device being addressed 
should use this signal to gate data onto the data bus. 

PIN. IDENTIFICATION 
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µPD780 
PIN IDENTIFICATION 

(CONY.) 
PIN 

FUNCTION NO. sSYMBOL NAME 

22 WR Memory Write 3-State output, active low. The memory write signal 
indicates that the processor data bus is holding valid 
data to be stored in the addressed, memory or I/O 
device. 

28 RFSH Refresh Output, active low. RFSH indicates that a refresh 
address for dynamic memories is being held in the 
lower 7-bits of the address bus. The RM EO signal 
should be used to implement a refresh read to all 
dynamic memories. 

18 HALT Halt State Output, active low. HALT indicates that the processor 
has executed a HALT software instruction, and will 
not resume operation until either anon-maskable or a 
maskable (with mask enabled) interrupt has been 
implemented. The processor will execute NOP's while 
halted, to maintain memory refresh activity. 

24 WAIT Wait Input, active low. WAIT indicates to the processor 
that the memory or I/O devices being addressed are 
not ready for a data transfer. As long as this signal is 
active, the processor will reenter wait states. 

16 INT Interrupt Request Input, active law. The INT signal is produced by I/O 
devices. The request will be honored upon completion 
of the current instruction, if the interrupt enable 
flip-flap (IFF) is enabled by the internal software. 
There are three modes of interrupt response. 
Mode 0 is identical to 8080 interrupt response mode. 
The Mode 1 response is a restart location at 0038H. 
Mode 2 is for simple vectoring to an interrupt service 
routine anywhere in memory. 

17 NMI Non-Maskable 
Interrupt 

Input, active low. The non-maskable interrupt has a 
higher priority than INT. It is always acknowledged at 
the end of the current instruction, regardless of the 
status of the interrupt enable flip-flop. When the NMI 
signal is given, the µPD780 processor automatically 
restarts to location 0066 . 

26 RESET Reset Input, active low. The RESET signal causes the 
processor to reset the interrupt enable flip-flop (IFF), 
clear PC and I and R registers, and set interrupt to 
8080A mode. During the reset time, the address bus 
and data bus go to a state of high impedance, and all 
control output signals become inactive, after which 
processing continues at OOOOH. 

25 BUSRO Bus Request Input, active low. BUSRO has a higher priority than 
NMI, and is always honored at the end of the current 
machine cycle. It is used to allow other devices to 
take control over the processor address bus, data bus 
signals; by requesting that they go to a state of high 
impedance. 

23 BUSAK Bus Acknowledge Output, active low. BUSAK is used to inform the 
requesting device that the processor address bus, 
data bus and 3-state control bus signals have entered 
a state of high impedance, and the external device can 
now take control of these signals. 
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µPD780 
Operating Temperature   0°C to +70°C ABSOLUTE MAXIMUM 
Storage Temperature   -65°C to+150°C RATINGS* 
Voltage on any Pin -0.3 to +7 Volts U 
Power Dissipation   1.5W 

Note: 01  With Respect to Ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

Ta = 0°C to +70°C; VCC = +5V ± 5% unless otherwise specified. 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONQITIONS MIN TVP MAX 

Clock Input Low Voltage VILC -0.3 045 V 

Clock Input Hlgh Voltage VIHC VCC-0.6 VCOW.3 V 

Input Law Vonage VIL -0.3 0.8 V 

Input High Voltage VIH 2.0 VCC V 

Output Low Voltage VOL 0.4 V IpL = 7.8 mA 

Output High Voltage VOH 24 V IOH =-250µA 

Power Supply Current 
µPD780 ICC 150 mA tc - 400 ns 

µ PD780~1 ICC 90 200 mA tc = 250 ns 

Input leakage Current ILI IO yA VIN = 0 to VCC 

Tri-State Output Leakage Current in Float ILOH IO µA VOUT=2.4 to VCC 

Tri-State Output Leakage Current in Float ILOL -10 µA VOUT'0.4V 

Data Bus Leakage Current in Input Mode ILp x10 µA 0 G VIN ~ VCC 

DC CHARACTERISTICS 

Ta = 25°C CAPACITANCE 

I LIMITS 

PARAMETER SYMBOL UNIT 

TEST 

CONDITIONS MIN TYP MAX 

Clock Capacitance Cm 35 pF fc = 1 MHz 

Unmeasured Pins 

Returned to Ground 

Input Capacitance CIN 5 pF 

Output Capacitance COUT 20 pF 
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µPD780 

AC CHARACTERISTICS Ta OCto+70'C:VpC•+5V•5%,unlessotherwrsespecd,ed. 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONOf TIONS 

yPD]80 yPD]80-1 

MIN MA% MIN MSA~%

Clock Period c

sw 

04 ® 0.25 \Y y. 

Clock Pulse Witlth, Clock High (NH) 180 110 ns 

Clock pulse Widtn, Clock Low tw I•hLl 180 2000 110 2000 m 

Clock Rise antl Fall Timc tr ! 30 70 ns 

Address Output Delay tplApl 145 110 ns 

CL 50 pF 

Delay to Float tF IADI 110 90 ns 

Atldrets Stable Prior to MR EO IMemory Cy<lel acm ~ 
~ 
~:/ ns

Addrets Stable poor to IORO. RD or WR II/O Cycle) gp, Q2 Q ns 

Address $table Irom RD or WR tpa O3 O ns 

Address Stable Tram RD or WR Dvrrng Float spat ® © ni 

Dafa Output Delay tplpl 230 150 ns 

CL - 200 pF 

Delay w Float During Write Cvcle tFlDl 90 90 ns 

Data Setup Time to Rising Etlge of Clock Ovnng M7 Cy<le s5q,lp1 50 35 ns 

Data Setup Trine to Falling Edge of Clock During M2 to MS Cycles tg,plpl 60 50 ns 

Data Stable Prior to WR IMemory Cvclel tdcm ~ ~ ^s 

Data Stable Prior to WR II/O Cvclel idp, © © ns 

Data Stable Irom WR tfdl Q ~ ^s 

Any Hold Time for Setup Time try 0 0 ns 

MREO Delay from Falling Edge of Clock to MREO Low tOL•PIMRI 100 85 ns 

CL = 50 pF 

RM  ED Delay from Rising Etlge of Clock to MR EO High tDHq•IMRI 100 BS ns 

MREO Delay from Falling Edge of Clock to MREO Hrgh tUHq•IMRI 100 85 ^s 

Pulse Width, RM  EO Low twIMRLI C U ^s 

Pulse Width, MR EO High tw IMRHI ~ Q ns 

IORO Delay from Rrsing Edye of Clock so TORO low tDL~D IIRi 90 75 ns 

TORO Delay Irom Falling Etlge of Clock so TORO Low sDL•I•IIRI 110 85 ^s 

IORO Delay Irom Rising Erige of Clock to TORO High sDH•1•IIR) 1 W 85 ns 

IORD Delay hom Falling Edge of Gock so IORO High tDH~h 1181 110 B5 ns 

RD Delav rrom Rising Edge of Clock to PD Low tDLNIRpI 100 85 ns 

RD Delay from Felting Edge cl Clock to RD Low tp L•I!IPDI 130 I 95 ns 

RD Delay Irom Rising Etlge of Clock to RD High tDHNIRDI 100 g5 ns 

RD Delay Irom Falling Etlge of CIOCM to RD High tDH.I•IRDI 110 85 ns 

WR Delay Irom Rrsing Edge pl Clock tc WR Low IDLNIWRI 80 65 ns 

WR Delay from Falling Etlge of Clock to WR Low sDLNIWRI 90 80 ns 

WR Delay from Falling Etlge pl Clock ro WR High tDH~VIWRI 100 BO ns 

Pulse Witlth to WR Low tw IWRLI ~ ~ ns 

MI Deby Irom Rrsing Etlge of Clack so MI low tULIMII "- 100 ns CL - 30 pF 
MI Delay Irom Rising Edge of Clock m MI H,qh sOHIMII 130 100 ns 

FR SH Delay from Rising Etlge of Clock to OR SH low tDLIR FI t80 130 ns 

RFSH Delay from Rising Etlge of Clock so FR SH High sDHIR F! 150 120 ns 

WAIT Setup Time to Falling Edge of Clock tslWTl 70 70 ns 

HALT Delay Time Irom Falling Edge of Clock splHTl 300 300 ns CL - 50 pF 

INT Setup Tme to Rising Edge of Clock tt 1171 80 80 ns 

Pulse Witlth, MN I Low tw INMLI 80 80 ns 

BUSRO Setup Time to Rising Etlge of CI«k tsIB01 80 50 ns 

~USA- R Delay from Rrsing Etlge of Clock to BVSAK Low tOLI8A1 120 100 ns 
CL -50 pF 

BUSAK Delay from Falling Etlge of Clock fo BUSAK Hign tOHIBAI 110 100 ns 

RESET Setup Trine to Rrsing Edge of Clock tsIR51 g0 60 ns 

Delay so Float IMREO, IORO. RD antl WRI sFICI 

I 

100 

I 

80 ns 

MI Stabe Prior to IORO (lnter.upt Ack.l smr OI 11 ns 

Notes: 

O 

O 
O 
u 

O 
1V 

iD 

tapm = twlNHl ♦ tl -651751' 
tap, = tp -70180P 

a =tw, INLlay-501401• 

4a1 = tw INU . q -45 1601• 

tapm = tp - no 12101 

trier = ty, INLI + tr -1 ]0 12101• 

tcdl  = tw INLI + tr - ]01801• 
w IMRLI - rp J01401' 

w IMRHI -tw 14•Hl+tf 201301• 
tw IWRI - tp -301401• 

=21p *t w 14•Hl+tf 651801• 

n =ew INHI+tw I4•Ll+tr asf 

•Theo values apply to the yPD]80. 

TEST POINT 

FROM OUTPUT 

UNDER TEST 

V CC 

R ~ + 2.1 k~ 

LOAD CIRCUIT FOR OUTPUT 
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µ PD780 
TIMING WAVEFORMS 

Instruction Op Code Fetch 

The contents  of the program counter (PC) are placed on the address bus at the start 
of the cycle. MREQ goes active one-half clock cycle later, and the falling edge of this 
signal can be used directly as a chip enable to dynamic memories. The memory data 
should be enabled onto the processor data bus when RD goes active. The processor 
takes data with the rising edge of the clock state T3. The processor internally decodes 
and executes the instruction, while clock states T3 and Tq of the fetch cycle are used 
to refresh dynamic memories. The refresh control signal RFSH indicates that a refresh 
read should be done to all dynamic memories. 

T1 T1 

M I Cycle 

Tz T3 Tq 

AD'A15 PC REFRESH ADDR 

MREQ / 1 

RD 

WAIT 

NII 

DO iN -D7 

RFSH 

Memory Read or Write Cycles 

This diagram illustrates the timing of memory read or write cycles other than an op 

code fetch (M~ cyclel. The function of the MREQ and RD signals is exactly the same 

as in the op code fetch cycle. When a memory write cycle is implemented, the MREO 

becomes active and is used directly as a chip enable for dynamic memories, when the 

address bus is stable. The WR line is used directly as a R/W pulse to any type of semi-

conductor memory, and is active when data on the data bus is stable. 

AO A15 

MREO 

RD 

WR 

~0'D7 

WAIT 

Memory Read Cycle 

T2 T3 T7 

Memory Wnte Cycle 

TZ T3 

MEMORY ADDR MEMORY ADDR 

  IN  DATA OUT 

====F---
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N. PD780 

TIMING WAVEFORMS Input or Output Cycles 
(CONY.) 

INSTRUCTION SET 

This illustrates the timing for an 1/0 read or I/O write operation. A single wait state 
(Tye) is automatically inserted in I/O operations to allow sufficient time for an I/O 
port to decode its address and activate the WAIT line, if necessary. 

AO'A7 PORT ADDRESS 

TORO 

RD Read 

Cycle 

DO D7 IN 

WAIT 

WR 

DO D7 

Write 

Cycle 
OUT 

Interrupt Request/Acknowledge Cycle 

The processor samples the interrupt signal with the rising edge of the last clock at the 
end of any instruction. A special M~ cycle is started when an interrupt is accepted. 
During the M~ cycle, the IORO (instead of MREO) signal becomes active, indicating 
that the interrupting device can put an 8-bit vector on the data bus. Two wait states 
(Tyy) are automatically added to this cycle. This makes it easy to implement a ripple 
priority interrupt scheme. 

 Last M Cycle 
of Instruction 

T 

INT 

AO A15 

MI 

MREO 

1 ORO 

DO D7 

WAIT 

RD 

MI 

Last T State T~ Tp T~„ Tg 

s 

~ , ! 
^

T~., 

` 

~~
J 

//
___—_ 

___~1__ 

PC KREF RESh 

IN 

_ r ___r—_______—__ __ _~_____ 

The following summary shows the assembly language mnemonic and the symbolic 
operation performed by the instructions of the µPD780and µPD780-t processors. 
The instructions are divided into 16 categories: 

Miscellaneous Group 8-Bit Loads 
Rotates and Shifts 16-Bit Loads 
Bit Set, Reset and Test Exchanges 
Input and Output Memory Block Moves 

Jumps Memory Block Searches 
Calls 8-Bit Arithmetic and Logic 
Restarts 16-Bit Arithmetic 
Returns General Purpose Accumulator and Flag Operations 

The addressing Modes include combinations of the following: 

Indexed Immediate 
Register Immediate Extended 
Implied Modified Page Zero 
Register Indirect Relative 
Bit Extended 
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µPD780 TIMING WAVEFORMO 

~` 

F IADI 

IW I1•LI 

AO-! 5 

AO-A15 

Op. ~ 

M1 

Rf SH 

M11R E0 

RD 

WR 

iORD 

RD

WR 

AW IT 

HALT 

INT 

NMI 

BUSRO 

BU SAK 

RESET 

IN 

OUT 

ID IADI 

 ~~t

DL IM11 

~~ 

} 

~IH
s'S•I•I DID 

IDH IMt I~ 

IDL (RFI~-

~-a IDLI IMP.I 

F l ~ ~~ 
IDL U iRD 

~( 

IDH•1• IMRI—► 

IDH•4 IRDIy

IDN IRFI 

IDH•I~ IMRI 

IW IMRLI 

t~'W IMRMI 

ID ml 

IS•1• ID1~~ 

I 

'y I H f—

IDM I IMRI—+ 

IDM~P iROi+ 

IDLE IWR~ ~~ 

IDf.~' IIRI 
f~ IDM•L IIRI 

r .~~„•~,'~I OLn IIRI 
~-~ ID

A

H

J
9 IIRI—► 

~l l 
IDH•I• IRDIy 

IDL9• IRDI 

IS IWTI 

~~ 

T 

'O L•1~ IW 
~~ IDH I~ IWRI+' 

ID IHTI 

5 IRDI 

M~ 

IDL IBAI 

4 —IF IDI 

} 

Ictlf 

IDH~1• IWRI 

,`~ ~~~ 

~~ 

IDH IBAI 

 -\- r~ 

~-~Y-'~ 

CLOCK 4.2V 0.8V 
Note: Q1  Timing measurements are made at the following voltages unless otherwise specified: 0u7PU7 2.OV O.SV 

INPUT 2.OV 0.8V 
FLOAT ~V !0.5V 
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µPD780 
INSTRUCTION SET TABLE 

MNEMONIC SYMBOLIC 
OPERATION DESCRIPTION 

NO. 
BYTES 

NO.T 
STATES C Z 

FLAGS 
P/V S N H 

OP CODE 
76 543 210 

ADC HL, ss HL ^~ HL * ss + CY Add with carry reg. pair ss to HL 1 11 V I 0 x 11 701 101 
01 ssi 

070^^ ADC A, r q .- q + + CV Add with carry Reg. r to ACC 1 4 i I V 1 0 10 001 r r`J 
ADC A,n q ~ q + n + CY Add with carry value n to ACC 7 i 1 V 1 0 I 11 001 110 

ADC A, IH LI A—A+IHLI+CV Add w,th carry lot. IHLI to ACC 7 I V 1 0 1 10 007 110 
ADC A, IIX+dI A—A+IIX+d)+CV Add with carry lot. IlX +dl to ACC 19 1 I V 0 t it 011 701 

10 001 710 
dd ddd ddd 

ADC A, IIV+dI A—A+IIY+tlI+CY Add with carry lot. I lV +dl to ACC 19 I 1 V 1 0 I 11 111 101 
10 001 110 
dd tldd ddd 

ADD A, n A — A + n Add value n to ACC 2 7 V 0 17 000 110 
nn nnn nnn 

ADD A, r A—A+r Add Reg.r to ACC 1 4 1 V 0 I 10 000 rrr~ 

ADD A, IHLI A-- A+IHLI Add location IHLI to ACC 1 7 V 0 70 000 110 

ADD A, IIX+d) A--A+IIX+dI Add location llX+tll to ACC 3 19 V 0 ii 011 101 
70 000 110 
dd ddd tldtl 

ADD A, IIV+dI A•-A+Ily +d) Add location llV +tll to ACC 3 19 V 0 11 111 101 
10 000 710 
tld tldd tltld 

ADD HL, ss HL—HL+u Atltl Reg. pair ss to HL 1 11 • • • 0 X 00 ss1 0010
ADD IX, pp IX •- IX + pp Add Reg. pair pp to IX 2 15 • • • 0 X 11 011 101© 

00 ppt 007 

ADD !Y, rr IV—!V+n Add Rea. pair rr to lV 2 i5 • • • 0 X 11 111 1010
00 rr1 001 

AND r A -- A.\r Logical 'AND' of Reg. r ;\ ACC 4 0 t P 1 0 1 10 100 r rU 
AND n A — A.\n Logical 'AND' of value n \ ACC 7 0 P 1 0 11 100 710 

AND IHLI A — A.\IHLI Logical 'AND' of lot. IHLI \ ACC 7 0 I P 0 10 170 110 
AND IIX +dI A--AAIIX+dI Logical 'AND'of lot. IlX+dl \ACC 19 0 P 0 I 11 011 101 

10 700 110 
dd Wd ddtl 

AND IIY +dl A —A.\IIV + tll Logical 'AND' of lot. 11 V + dl \ ACC 19 0 . P I 0 11 111 101 
10 100 110 
dd dtld ddd 

BIT b, IHLI Z •- IHLI b Test BIT bot to Cation IHLI 2 12 • X X 0 1 11 001 017 0
01 bbb 110 

BIT b, IIX+dI 2—IIX+dIb Test BlT bat location ll%+nl 4 20 • X X 0 1 11 011 1010
11 001 017 
dtl ddtl ddd 
01 nbb 110 

BIT b, IIV+dI Z• ~ I IV +dI b Test BlT bat location llV*dl 4 20 • X X 0 i 11 111 1010
11 001 071 
dd dtld dtld 
of bbn no 

BI7 b. r 2-7b Test 8lT of Reg. r 2 8 • X X 0 1 ii 001 
01(BE 07 nbb r 

CALL cc, nn II conmtion cc false cominue, 
else Same as CALL nn 

Call subroutine at location nn f 
condition cc is true 

3 70 • • a • • • 11 --cc-- t00C 
n nr n nnn 

CALL nn ISP - 11 •~ PCH
ISP - 21 - PCL
PC ~ ^n 

Unconditional call su hroutine at 
Io cation nn 

3 1 7 1 7 001 707 
nn nnn n 
nn nnn nnn 

CCF CV •- CY Complement carry flay 1 4 • • • 0 X 00 11t 711 

CP r A- r Compare Reg. r wnn ACC 4 1 1 V 1 1 10 111 r r © 
CP n A- n Compare value n with ACC 7 I I V I 1 I 11 117 170 

CP IHLI A -IHLI Compare lot. IHLI wnh ACC 7 1 I V I 1 10 11 t 110 
CP IIX+d) A-IIX+dI Compare lot. IlX +dl with F7CC 19 I I V t 1 I 71 011 101 

10 111 110 
dd tldd dtld 
11 111 101 

CP IIV +d1 Compare Ix. (1V +dl wnh ACC t9 V 1 t to t n no 
dd ddd ddd 

CPD A IHLI 
HL • HL 1 

Compare location IHLI and ACC. 
decrement HL and BC 

2 16 • ;O ; O i 77 101 101 
10 101 001 

BC - BC 1 

CPDR A -IHLI 
HL • HL ~ 1 

Compare location IHL) any ACC. 
decrement HL and BC, repea~ until 

2 21 .f BC - 0 
antl A J IHLI 

• :O :O : 1 11 101 101 
10 111 001 

BC —BC -1 
untu A = IMLI or BC = 0 

BC=O 16dBC=0 
or A =IHLI 
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µ P ~7ao INSTRUCTION SET TABLE 
(CONY.) 

MNEMONIC 
SYMBOLIC 

OPERATION 
DESCRIPTION 

NO. 
BYTES 

NO. T 
STATES C 2 

FLAGS 
P/V 5 N H 

OP CODE 
76 543 210 

CPI A -IHLI Compare location IHLI and ACC, 2 16 • IO I~ 1 1 i 11 101 101 
HL ~- HL + 1 increment HL and decrement BC 10 100 001 
BC- BC -1 

CPIR A -IHLI Compare location IHLI and ACC, 2 21 it BC = 0 • IQ I~ : 1 t 11 101 707 
HL ~- HL + 1 increment HL, decrement BC and A #IHLI 70 770 001 
8C - BC - 1 
until 

Repeat until BC = C 16 if BC = 0 
or A =IHLI 

A=IHLI or BC=O 

CPL A ~- A Complement ACC (1's comp.l 1 4 • • • • 1 1 00 101 111 

DAA Decimal adjust ACC 1 4 t I P I • I 00 100 111 

DEC r r-- r- 1 Decrement Reg. r 4 • 1 V I i I 00 rrr 701© 

DEC (HLl IHLI ~ IHLI - 7 Decrement loc. IHLI 11 • i V I 7 I 00 110 101 

DEC (IX+dI IIX+dI ~-IIX+dI-1 petrement loc. IlX+dl 23 • 3 V I 1 S 11 077 701 
00 110 707 
dd ddd ddd 

DEC IIV+dI IIV +dI~11V+d1-1 Decrement loc. IlY+dl 23 • I V I 1 I 11 117 107 
00 110 101 
dd ddd ddd 

DEC I% IX - IX - 1 Decrement IX 2 10 11 011 101 
00 101 011 

DEC IV IY - IV - 1 Decrement IY 2 10 11 111 101 
00 701 011 

DEC ss ss-ss-1 Decrement Reg. pair ss 1 6 00 sst 011 

DI IFF-0 Disable interrupts 1 4 11 110 011 

DJNZ, e B ~ B - 1 If B = 0 Decrement B and jump relative if 2 8 00 010 000 
continue It B# 0 B= 0 f-e-2—~ 
PC~PC+e 

EI IFF - 1 Enable interrupts 1 4 11 111 011 

EX ISPI, HL H - ISP + 71 Exchange the location ISPI and HL 1 19 11 100 011 
L -ISPI 

EX ISPI, IX IXH ~- ISP + 11 Exchange the location ISPI antl IX 2 23 11 011 101 
IX L ~-ISPI 11 100 011 

EX ISPI, IV IVH -- 1$P+ 11 Exchange the location ISPI and IV 2 23 11 111 101 
IV I -• ISPI 11 100 011 

EX AF, AF' AF -- AF" Exchange the contents of AF, AF' 1 4 GO 001 000 

EX DE, HL DE -• HL Exchange the contents of DE and HL 1 4 11 101 011 

EXX BC - BC' 
DE •- DE' 
HL •- HL' 

Exchange the contents of BC, DE, HL 
with contents of BC'. DE', HL , 
respectively 

1 4 11 017 001 

HALT Processor Halted HALT Iwalt for Interrupt or reset) 1 4 01 110 110 

IM 0 Set Interrupt mode 0 2 8 i t 101 101 
01 000 170 

IM 7 Set Inter ~_pt mode 1 2 8 71 101 101 
Ol 010 110 

IM 2 Set Interrupt mode 2 2 8 11 101 707 
O7 011 710 

IN A, Inl A - Inl Load ACC with input from device n 2 11 11 011 011 
nn nnn nnn 

IN r, ICI . -ICI load Reg. r with Input from device 2 12 • 2 P t 0 11 701 1010
ICI 01 rrr 000 

INC IHLI IHLI -IHLI + 1 Increment location IHLI 1 11 • I V I 0 1 00 110 700 

INC IX IX ~ I% + 1 Increment IX 2 10 11 011 101 
00 100 011 

INC IIX*dl IIX+dI-IIX+dI+i Increment location llX+dl 3 23 • 2 V I 0 I 11 011 101 
00 110 100 
dd ddd ddd 

INC IY IY ~ IY * 1 Increment IV 2 10 17 111 101 
W 100 Ol l 

INC IIY +dl IIV +d) ~ IIV +tll * 1 Increment location I IV +d) 3 23 • I V I 0 I 11 111 101 
00 110 100 
tld ddd ddtl 

INC r r r* 1 Inttement Reg. r 1 4 • I V I 0 t 00 rrr 100 

INC ss ss ~ ss + 1 Increment Reg. pair ss 1 6 00 s 50 0110 

INO IHLI ~ ICI Load location IHLI with input from 2 i6 • IO X X 1 X 11 101 101 
B -- B - 7 port ICI, decrement HL and B 10 101 010 

HL~-HL-1 
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fcPD780 

MNEMONIC 
SYMBOLIC 
OPERATION DESCRIPTION 

NO. 
BYTES 

NO.T 
STATES C 2 

(LAGS 
P/V S N H 

OP CODE 
76 543 210 

INGR IHLI -ICI 
B - B - 1 
HL •- HL - 1 until B = 0 

Load location IHLI with input Iron 
port ICI, decrement HL and decre- 
ment B, repeat until 8 = 0 

2 21 • 1 X X 1 X 11 101 101 
10 711 010 

INI IHLI •~ ICI 
8 • B - 1 
HL - HL + 1 

Load location IHLI with input from 
port ICI; and increment HL and 
decrement B 

2 16 • :~ X X 1 X 11 101 101 
10 100 010 

INIR IHLI -ICI 
B - B - 1 
HL - HL + 1 until B = 0 

Load location IHLI with input from 
port ICI, increment HL and decre 
ment 0, repeat until B = 0 

2 21 • 1 X X 1 X 11 101 101 
10 110 010 

JP IHLI PC •- HL Uncontl it Tonal jump w IHLI 1 4 11 101 001 
JP IIXI PC •- IX Unconditional lump to 11X1 2 B 11 011 101 

11- 101 001 
JP IIVI PC • IV Unconditional jump to IIYI 2 8 11 111 101 

11 101 001 
JP cc, nn If cc true PC - nn else continue Jump to location nn it condition ec 

rs vue 
3 10 11 --tr 010© 

nn nnn nnn 
nn nnn nnn 

JP nn PC •- nn Unconditional lump to location nn 3 10 11 000 011 
nnn nnn 

nn nnn nnn 
JR C, a If C - 0 continue 

It C = t PC - PC + e 
Jump relative to PC +e, d carry - 1 2 7 .f condition  

met- 12, if 
not 

00 111 000 
f e~2-y 

JR a PC - PC + e Unconditional jump relative to PC + e 2 12 00 011 000 
~—e-2 -~ 

JR NC, a II C = 1 continue Jump relative to PC + e d carry = 0 2 7 00 110 000 
If C = 0 PC •- PC r e -.--a-2--► 

JR NZ, a 11 2 = 1 con[Vnue Jump relative to PC + e d nonzero 2 7 W 100 p00 
Q = OI ~-e-2-~ 

JR Z, a If 2 = 0 continue Jump relative to PC + e d zero 
12 = 11 

2 7 • • 00 101 000 
s-e-2-~ 

LD A, IBf.I A • IBC) Load ACC with local lon IBCI 1 7 • • 00 007 010 
LD A, IDEI A - IDEI Load ACC with location IDEI 1 7 00 911 010 
LD A, 1 A -I Load ACC wrthl 2 9 • IFF 1 0 0 11 101 101 

Ol 010 111 
LD A, Innl A - Innl Load ACC wnh location nn 3 13 00 111 010 

nn nnn nnn 

LD A, R A - R Load ACC with Reg. R 2 9 • IFF 0 0 11 101 101 
Ot Ott 111 

LD IBCI, A IBCI • A Load location IBCI with ACC 1 7 00 000 010 
LD IDEI, A ~;DE7 - A Load location IUEI with ACC 1 OC 010 C1C 
LD IHLI, n IHLI • n Load location IHLI with value n 2 10 00 110 110 

nn nnn nnn 

LD ss, nn ss +- nn Load Reg. pair ss with value nn 4 20 00 ss0 001 
nn nnn nnn 
nn nnn nnn 

LD HL. Innl H - Inn + 11 
L - Innl 

Load HL with location Innl 3 16 00 101 O70 
nn nnn n 
nn nnn n 

LD IHLI, r IHLI ^ r Loatl location IHLI with Reg. r 1 7 01 110 r ^n© 

LD I, A I - A Load 1 with ACC 2 9 11 101 10t 
01 000 111 

LD IX, nn IX - nn Load IX with value nn 4 19 11 011 101 
00 100 007 

nnn 
nn nnn nnn 

LD IX, Innl IXH -- Inn + 11 Load IX with location Innl 4 20 11 011 101 
IXL - (nnl 00 101 010 

nn nnn nnn 
nn nnn nnn 

LD IIX + dl, n (IX +dl - n Lpad location I IX + dl with value n 4 19 t t 011 t01 
00 110 110 
tl0 ddd ddd 

nnn nnn 

LD IIX+dLr 11X+d1-r Load location llX +dl with Reg. r 3 19 11 011 101 
01 110 r 
dd ddd ddd 

377 



µPD780 INSTRUCTION SET TABLE 
(CONY.) 

MNEMONIC 
SYMBOLIC 
OPERATION 

DESCRIPTION 
NO. 
BYTES 

NO.T 
STATES C Z 

FLAGS 
P/V S N H 

OP 
76 

CODE 
543 210 

LD tV, nn IV - nn Load IV with value nn 4 14 11 111 101 
00 100 001 

LD IV, Inn) IVH -Inn + 11 Load IV with location Innl 4 20 11 111 101 

IVL - Innl 00 101 010 
nnn 

LD ss, Innl ssH ~ Inn + 11 Load Reg. pair dd with location (nnl 4 20 11 101 1010

ssL -Inn) O7 
n 

zzt 
nnn 

011 

LD IIV +tlI,n IIV+dI-n Load llV +dl with valuen 4 19 11 111 101 
00 110 110 
dd tldd ddd 

LD IIV +dI.r IIV+dI-r Load location llV +dl wnh Reg. r 0 19 11 111 101© 
O1 110 
dd ddd ddd 

LD Innl, A Innl - A Load location Inn) with ACC 3 13 00 110 010 
nn n nnn 

LD Innl, ss Inn + 11 •-ssH Load location Innl with Reg. pan dd 4 20 11 101 101 

(nnl-ssL O7 ss0 011 

nn nnn nnn 

LD Innl, HL Inn+ 11 - H Load location Innl with HL 3 tti • • OG 100 O1G 

Innl - L nn nnn nnn 

LD Innl, IX (nn+ 11 •- IXH Load locahon Innl with IX 4 20 it 011 101 

Innl• IXL 00 100 Ono 

LD Innl. IV Inn + 11 ~ IVH Load location Innl wnh IV 4 20 it 111 101 
Inn! IV L 00 n00 010 

LD R, A R •-A Load R wnh ACC 2 9 11 101 101 
O7 001 111 

LD r, IHLI r -IHLI Loatl Reg. r with location IHLI 1 7 Ol r r r 110© 

LD r, IIX + d) r ~ (!X +dl load Reg. r wi[h locavon IIX + tl l 3 19 11 011 101© 
01 110 
dd ddd ddd 

LD r, IIV+dI r~11Y+d1 Load Reg. rwnh location NV+tll 3 19 it 111 1010 
Ol r r 110 
dd ddd ddd 

LD r, n r n Load Reg. r wnh valuen 2 7 00 r r r 

rr 

110© 

LD, r, r' r r Load Reg. r with Reg. r 1 4 Ol rr rr rtr n'~ 

LO SP, HL SP -HL Load SP with HL 1 6 • • 11 111 001 

LD SP, IX SP -IX Load SP wnh IX 2 10 11 011 101 
11 111 001 

LD SP, IV SP IV Load SP with IV 2 10 11 111 101 
11 111 001 

LDD IDEI -- IHLI Load location IDEI with location 2 16 • • ( • 0 0 11 101 101 
DE •- DE - 1 IHLh decrement DE, HL and BC 10 101 000 
HL ~ HL 1 
BC -BC 1 

LDOR IDEI •- IHLI Load locavon IDEI with location 2 2t • • a • 0 O n to[ tot 
DE - OE -- 1 IHLI 10 111 000 
HL --HL 1 
BC ~- BC 1 unvl BC - 0 

LDI IDEI • IHLI Loatl locahon IDEI with locahon 2 16 • • ;~• 0 0 11 101 101 
DE - DE * 1 IHLh increment DE, HL: decrement 10 100 000 
H L- H L+ 1 B C 
BC•-BC -1 

LOIR IDEI •- IHLI Load locavon IDEI with locahon 2 21 .t BC +0 • • 0 • 0 0 it 101 101 
DE -- DE + 1 IHLI, increment DE, HL; decrement i6 rf BC = 0 10 110 000 
HL •- HL + 1 BC and repeat until BC = 0 
BC - BC - 1 until BC = 0 

NEG A - 0 - A Negate ACC 12's complement) ~ 2 8 I V 1 I 11 101 101 
01 000 100 
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µ P D780 

MNEA70NIC 
SYMBOLIC 
OPERATION DESCRIPTION 

NO. 
BYTES 

NO. T 
STATES C Z 

FLAGS 
P/V S N H 

OP CODE 
76 543 210 

NOP No operation 1 4 00 000 000 

OR r A' AV r Logical 'DR' of Reg. r and ACC 4 0 P 0 1 10 710 r r r© 
OR n A' AV ^ Logical 'OR' of value n and ACC 7 • P 0 1 11 170 110 

OR IHLI A- AV IHLI Logical 'OR' of IPc. IHLI antl ACC 7 P 0 10 710 110 
OR UX+tlI A~ IIX+dI Logical 'OR'of l4c. IlX +tlIn ACC 19 • I P 0 1 11 011 101 

10 110 770 
dtl tMtl dtld 

OR IIY+dI A- AV IIY+dI Logical 'DR'of loc. IlY +tlI ,ACC 79 • P 0 11 111 101 
10 110 110 
tld ddd dtld 

OTDR ICI - IHLI Loatl output port ICI with contents 2 21 it B + 0 • 1 X X 1 X 11 101 101 
B ~ 8 7 
HL ~ HL 1 until B = 0 

of IocaYion IHLI, decrement HL 
and B, repeat until 8 0 

16 d B C 10 111 011 

OTIR ICI - IHLI Load output post ICI with location 2 27 .I B +' 0 • 1 X X 1 X 11 701 101 
B • B 1 
HL- HL + 1 until 8 0 

IHLI, ulcremenl HL, decrement B, 
repeat until B 0 

16 d B C 10 110 011 

OUT ICI, i ICI - r Load output prrt ICI with Rey. r 2 12 11 101 101© 
01 rr~ 001 

OUT Inl. A Inl ~ A Load output Pnr1 hrl with ACC 2 17 17 O10 011 

OUTO ICI - IHLI Lo.xl output Port ICI with local ron 2 16 • :~ X X 1 X 11 1701 101 
B ~ B - 1 
HL ~ HL -- 1 

IHLI. ~nrrement HL and 
decrement B 

10 101 011 

OUTI ICI ~ IHLI Lo.d output port ICI with loc at~or, 2 16 • :~ X X 1 X 1 t t/lt lOt 
8 - B 1 
HL- HL - 1 

IHLI. increment HL:utd 
rfer,ie~nent B 

ry iC0 017 

- POP IX IXH - 1$P - 1 I Load IX with tap of stack 2 14 11 Otl 101 
IX L • ISPI it 100 001 

PUP IV IVH • ISP • 11 Load IV wnb top of s6xk 2 14 it 111 101 
IV L ~ ISPI 17 100 007 

POP q4 44H ~- 15P - 1 I Ln:xl f*~ ., ~. ~~ ~ U4 with top rf slack 1 10 11 440 001 
44L ISPI 

PUSH IX I$P 21 ~ IX Loarl IX u~•~ Iu stack 2 15 11 Ott 101 
I$P 11 - tXH 11 100 101 

PUSH IV ISP 21 - IV Load IV Onto Stack 2 15 71 111 107 
ISP 11 - IVH 11 tUU 101 

rUSH 44 ISP 21- 44L Load Rey, Pan 44 onto stack 1 17 _ • • 71 440 101© 
15P - II - 44H

RES h, r Sn- 0 Reset Bn not Reg. r 8 1 001 Oti E 
10 t>un r 

RES n. IHLI S11 ~ 0, IHLI Reset Bit not loc. IHLI 15 17 001 071 
to nnn no 

RES h, IIX+dI SIt ~ O, IIX+di Reset Bit not loc. IlX+dl 23 11 011 101 
i l 001 011 
dd ddd ddd 
10 bbn 110 

RES h, IIY +dI Sn~ O, IIY+dI Reset Brt bof loc. IlV+d) 23 11 111 701 
11 001 011 
tld tldcl dttcl 
10 nnn 110 

RET PC ~ ISPI Return hom sunrout~ne 1 10 • • 11 001 001 PCH - 1$P « 11 

RET cc II eontl~non ec s false 
coot. else IPCL - ISPI 

Return Isom su brown tie A cond~non 
cc rs true 

t 5 d CC Wlse  
11 .1 CC ttue 

t 1 cc 000 

PCH ~ I$P ~ 11 

RETI Return from in terrupl 2 14 11 101 101 
01 001 101 

R E7N Return from non~maskanle mteri upt 2 14 11 101 101 
Ot 000 101 

RL r Rotate left through cat ry Rey. r 2 P 0 0 1 / 007 077 
00 010 

RL IHLI Rotate left through carry loc. IHLI 4 P 0 0 11 001 011 
00 010 110 

RL IIX « dl Rotate left through carry loc. IIX + rll 6 P o O t i 017 tot 
cv ~- o f 11 001 011 

dd ddd ddd 
m r, IHLI. 00 010 110 

RL II V . UI IIX + di, Rolare felt lh rough carry 144. IIY + dl 6 P 0 0 i l 111 101 
IIY +tl1.A tl 001 017 

dd rNfrl ddd 
00 010 110 

RLA Rotate 1e 11 ACC tnrouyh carry 1 4 • • • 0 0 00 010 11 i 
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µ P D780 INSTRUCTION SET TABLE 
(CONY.) 

MNEMONIC 
SYMBOLIC 

OPERATION DESCRIPTION 
NO. 

BYTES 
NO.T 

STATES C Z 
FLAGS 

P/V S N H 
OP 

76 
CODE 

543 210 

RLC IHLI Rotate location IHLI left circular 2 15 P 0 0 11 OOt _011 
00 000 110 

RLC IIX + dl Rotate location I IX r dl left arcular 4 23 P 0 0 it 011 101 
11 001 011 
Url rkld ddd 
00 000 110 

RLC ITV+d) Rotate location llV +dl lets circular 4 23 P 0 0 11 111 101 
CY .L-• 7. 0 ~-+ 17 001 011 _ 

m - r, IHLI, 
dd dM ddd 

IIX +di. IIY+d1,A 00 000 110 

RLC r Rotate Reg. r left urcular _ 2 8 P 0 0 i t 001 On© 
00 000 rrr 

RLCA Rotate left cncular ACC 1 4 • • • O 0 00 000 111 

RLD Rotate digit left and right between 2 18 • P 0 0 I1 101 101 

A 7 4 3 0 7 4 3 0 IHLI 
~ 

ACC and locat,on IHLI Ot 101 111 

RR r ' Rotate right through carry Reg. r 2 P 0 0 11 001 011© 
00 011 

RR IHLI Rotate right through carry lot. IHLI 4 P 0 0 11 001 011 
00 011 110 

RR IIX + d) Rotate tight through carry lot. 6 , P 0 0 11 Ot 1 101 

IIX+dI it 001 011 
dd ddd ddd 

RR IIY+dI 7 •0 CY Rotate:ight through carry lot. 6 P 0 0 
00 
11 

011 
111 

110 
107 

r, (HLI, (IV+tlI it 001 017 

IIX +dI, IIY *d1,A dd 
00 

ddd 
011 

ddd 
110 

RRA Rotate r,ght ACC Through carry 1 4 • • • 0 O 00 011 111 

RRC r Rotate Reg. r right circular 2 P 0 0 t t 
00 

001 
onl 

0110

RRC IHLI Rotate lot. IHLI right circular 4 P 0 0 11 007 011 
00 001 110 

RRC IIX +dl ~ Rotate lot. (IX +dl right circular 6 P 0 0 11 011 101 
17 
dd 

001 
ddd 

011 
ddd 7 ~ 0 CV 

00 001 110 
m - r, IHLI, RRC IIY + dl Rotate lot. I IY + dl right circular 6 P 0 0 11 111 101 
IIX *dI, ITV +d1,A 11 001 011 

dd ddd ddd 
00 001 110 

RRCA Rotate right c~rcutar ACC 1 4 • • • 0 0 00 007 111 

RR D A 7 4 3 0 7 4 3 0 IHLI Rotate digit right and left between 2 78 • P 0 0 i t 101 101 
ACC and IOcal~pn IHLI Ot 100 111 

RSTt ISP 11 • PCH Restart to location T 1 i l 71 t u 111 

ISP 21 • PCL 
PCH • 0, PCL • T 

SBC A, r A -- A r CV Subirac[ Reg. r from ACC w/carry 1 4 I V I 1 10 071 r r© 

SBC A, n A- A n CV Subtract value n from ACC with 
carry 

7 I I V I 1 11 011 
nnn 

110 

SBC A, IHLI A •- A IHLI CY Sub. lot. IHLI from ACC w/tarry 7 f V I i 70 Olt 110 

S6C A, Ux +dl A - A IIX +dl - CV Subtract lot. IIX r  dl from 19 1 ? V I 1 11 011 1:01 
ACC with carry 1 O 011 11 O 

dd ddd dtld 
S6C A, IlY+dl A• -A ITV+tlI CV Subt ract lot. IlV +dl from 19 r l V 1 1 11 111 101 

ACC with carry 70 011 110 
dd ddd ddd 

SBC HL, s5 HL HL ss CV Subtract Reg. pa,r 5s Irom HL w~ih 2 15 V ~ 1 Y. 11 101 IOIO 
carry Ot ss0 O70 

SCF CV t Set carry Ilag IC - 11 1 4 1 • • • 0 0 W 110 111 

SET h, IHLI IHLIb •~ 1 Set Bit b of locaton IHLI 2 15 11 001 011 
11 bbb 110 

SET h, UX*dl IIX +dIb •- 1 Set Bit bol location llX +dl 4 23 17 Ott t07© 
11 007 Ot t 
rid tldd tldd 
11 bbb 110 



µ PD780 

MNEMONIC 
SYMBOLIC 
OPERATION 

DESCRIPTION 
N0. 
BYTES 

NO.T 
STATES 

FLAGS 
C 2 P/V S N H 

OP CODE 
76 503 210 

SET b, IIV +dI IIV ~dl ti ~ t tSet Bnbof iocaoon llY+dl 4 23 ll 117 1010
11 001 011 
dd tldd ddd 
11 bbb 110 

SET b, r rb ~ 1 Set Bit b of Reg. r 2 8 11 001 011© 
11 bbb r 

SLA r Shift Reg. r left anUmetic 8 P 0 0 11 001 011© 
00 100 r 

SLA IHLI CY 
~ 

7 0 ~0 $hilt loc. IHLI left arithnte nc 15 P 0 0 11 001 011 

SLA IIX+dI Shift loc. IlX +dl left arlthmet~c 23 p 0 0 
00 
11 

100 
011 

110 
101 

m --r, IHLI, IIX *tlI, IIY+dI ~ it 001 011 
dd ddd ddd 
00 100 110 

SLA IIY + dl Shift loc. IIV +dl left anth mebc 23 p 0 0 11 111 101 
11 001 011 
dd ddd ddtl 
00 100 110 

SRA r Shift Reg. r right arithmetic 8 P 0 0 11 001 011
00 101 r 

SRA IHLI 
r

Snilt loc. IHLI right arithmetic 15 p 0 0 11 001 011 r--{ 7 0 CV 
1 IXI 101 110 

SRA IIX + dl ~ Shdt loc- IIX +dl right arithmetic 23 p - 0 0 11 011 101 
11 001 011 

m - r, IHLI, IIX +dl, IIV +dl .1d rldd ddd 
00 101 110 

SRA IIV +dl Shdt loc. lIV ♦ dl right ar,ihmet~c 23 p 0 0 11 111 101 
11 001 011 
dd ddd ddd 
00 tOt 110 

SRL r - Shdt Reg. r right logical 8 p 0 0 11 001 011© 
00 111 rrr 

SRL IHLI Shift loc. IHLI ngnt logical 15 P 0 0 11 001 011 
0 7~0 CV 00 111 110 

SRL IIX +dl Shift loc. IIX +dl right logical 23 p 0 0 11 011 101 

m r, IHLI, IIX +dI, IIV +dI 
11 
dd 

001 
ddtl 

011 
ddd 

00 111 110 
SRL IIV +dl Shift loc. IIV +d) right logical 23 p 0 0 11 111 101 

it 001 011 
dd ddd ddd 
W 111 110 

SUB r A• A r Subtract Reg. r from ACC 4 V 1 10 010 rrr© 
SUB n A • A - n Subtract value n from ACC 7 V 1 11 

nn 
010 110 

nnn 
SUB IHLI A • A IHLI Subtract loc. IHLI from ACC 7 V 1 10 010 110 
SUB (IX + dl A •- A IIX + dl Subtract loc. I IX + d) from ACC 19 V 1 11 011 101 

10 010 110 
dd ddd ddd 

SUB IIV +dl A - A IIV +dl Subtract bc. IIV +dl from ACC 19 V 1 11 111 101 
10 010 110 
tld ddd ddd 

XOR r A • AVr Exclusive 'OR' Reg. r and ACC 4 p 1 10 101 rrr© 
XOR n A • AVn Exclusive 'OR'value n and ACC 7 P 1 11 

nn 
101 110 

nnn 
XOR IHLI A • AV (HU ExUusrve "OR' loc. IHLI and ACC 7 p 1 10 101 110 
XOR IIX + d) A • A711X + tll Exclusive 'OR' loc. IIX + dl and ACC 19 P 1 11 011 101 

/0 101 110 
dtl ddd ddd 

XOR IIV + dl A •- AV IIV + dl Exclusive 'OR' loc. IIY + tll and ACC 19 P t 11 111 101 
10 101 110 
dd ddd ddd 

FLAG NOTES: 

Qt P/V flag is 0 if 8~1=0, else P/V=1 

Q 2=1 if A=IHLI, else 2=0 

03 If B-1=0, Z flag set, else reset 

FLAG DEFINITIONS: 
• = Flag not affected 

0 = Flag rear 

1 = Flag ut 

X = Flag unknown 

t = Fla9 affectetl according ro result of operaton 

V =Overflow set 

P = Parity set 

IFf ~ Interrupt flip-flop set 

Q 
Reg s s Reg r Reg pp qeg r r Bit b Reg r,r' Reg qq CC Condition Relevant Flag Reg r 

BC 00 A 111 BC 00 BC 00 0 000 A 111 BC 00 000 N2 Non Zero Z 8 000 
DE 01 B 000 DE O7 DE 01 1 001 B 000 DE O7 001 Z Zero Z C 001 
HL 10 C 001 IX 10 IV 10 2 010 C 001 HL 10 010 NC Non Carry C D 010 
SP 11 D 010 SP 11 SP 11 3 011 D 010 AF 11 011 C Carry C E oft 

E Oil 4 100 E O11 100 PO Parity Odd P/V H 100 
H 100 5 101 H 100 101 PE Parity Even P/V L 101 
L 101 6 110 L 101 110 P Sign Positive S F 110 

7 111 111 M Siqn Negatwe S A 111 

FLAG DESCRIPTION: 

C =Carry/Link 
Z =Zero 

P/V =Parity/Overflow 

S =Sign 
N =Add/Subtract 
H =Half Carry 
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1~~ 
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 •-1 1 T 

l~l~'url ~~s~ ~~ M 
~~ 
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(Plastic) 

0° — 15°

PACKAGE OUTLINE 
µ PD780C 

— µPD780-1C 

ITEM MILLIMETERS INCHES 

A 57.5 MAX 2.028 MAX 

6 1.62 0.064 

C 2.54 ~ 0.1 0.10 t 0.004 

D 0.5**-0.1 0.019_0.004 

E 48.26 1.9 
F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

1 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

. O. t + 0.004 
M 0.25 

_ 0.05 
0.010 

0.002 

780/780-1 DS-12-80-CAT 
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NEC Microcomputers, Inc. 

/.cPD8080AF 8-BIT N-CHANNEL 
MICROPROCESSOR FAMILY 

NEC 
µ PD8080AF 
µ PD8080AF•2 
µ PD8080AF•1 

DESCRIPTION The µPD8080AF is a complete 8-bit parallel processor for use in general purpose 
digital computer systems. It is fabricated on a single LSI chip using N-channel silicon 
gate MOS process, which offers much higher performance than conventional micro-
processors (1.28 µs minimum instruction cyclel. A complete microcomputer system 
is formed when the µPD8080AF is interfaced with I/O ports (up to 256 input and 256 
output ports) and any type or speed of semiconductor memory. It is available in a 
40 pin ceramic or plastic package. 

FEATURES • 78 Powerful Instructions 
• Three Devices —Three Clock Frequencies 

µPD808UAF — 2.0 MHz 
µPD8080AF-2 — 2.5 MHz 
uPD8080AF-1 — 3.0 MHz 

• Direct Access to 64K Bytes of Memory with 16-Bit Program Counter 
• 256 8-Bit Input Ports and 256 8-Bit Output Ports 
• Double Length Operations Including Addition 
• Automatic Stack Memory Operation with 16-Bit Stack Pointer 
• TTL Compatible (Except Clocks) 
• Multi-byte Interrupt Capabil ity 
• Fully Compatible with Industry Standard 8080A 
• Available in either Plastic or Ceramic Package 

PIN CONFIGURATION 
A10 C 
ASS C 
Dq C 

~ 
~ 
~ 

A11 
A14 
A13 

1 
2 
3 

ao 
39 
38 

D6C 4 37~ Al2 
Dg C 5 36,E A15 
D7 C 6 35 ~ Ag 
D3 [ 7 34 ~ Ag 
D2 C 8 33 ~ A7 
D1 [ 9 32 ~ Ag 
DD C 10 µPD 31 ',~ A5 

vBB C 11 8080AF 30 ~ Aq 
RESET [ 12 29 ~ A3 
HOLD C 13 28 ~ VDD 

INT C 14 27 ~ A2 
42 C 15 26 ~ Al 

INTE C 16 25 ~ Ap 
DBIN [ 17 24 '] WAIT 

WR [ 18 23 ~ READY 
SYNC [ 19 22 ] 41 

VCp C 20 21 ~ HLDA 

Rev/1 
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µ PD8080AF 
The µPD8080AF contains six 8-bit data registers, an 8-bit accumulator, four testable 
flag bits, and an 8-bit parallel binary arithmetic unit. The µPD8080AF also provides 
decimal arithmetic capability and it includes 16-bit arithmetic and immediate operators 
which greatly simplify memory address calculations, and high speed arithmetic 
operations. 

The µPD8080AF utilizes a 16-bit address bus to directly address 64K bytes of 
memory, is TTL compatible 11.9 mAl, and utilizes the following addressing 
modes: Direct; Register; Register Indirect; and Immediate. 

The µPD8080AF has a stack architecture wherein any portion of the external memory 
can be used as a last in/first out (LIFO) stack to store/retrieve the contents of the 
accumulator, the flags, or any of the data registers. 

The µPD8080AF also contains a 16-bit stack pointer to control the addressing of this 
external stack. One of the major advantages of the stack is that multiple level inter-
rupts can easily be handled since complete system status can be saved when an inter-
rupt occurs and then restored after the interrupt is complete. Another major advantage 
is that almost unlimited subroutine nesting is possible. 

This processor is designed to greatly simplify system design. Separate 16-line address 
and 8-line bidirectional data buses are employed to allow direct interface to memories 
and I/O ports. Control signals, requiring no decoding, are provided directly by the 
processor. All buses, including the control bus, are TTL compatible. 

Communication on both the address lines and the data lines can be interlocked by 
using the HOLD input. When the Hold Acknowledge (HLDAI signal is issued by the 
processor, its operation is suspended and the address and data lines are forced to be in 
the FLOATING state. This permits other devices, such as direct memory access chan-
nels (DMA), to be connected to the address and data buses. 

The µPD8080AF has the capability to accept a multiple byte instruction upon an inter-
rupt. This means that a CALL instruction can be inserted so that any address in the 
memory can be the starting location for an interrupt program. This allows the assign-
ment of a separate location for each interrupt operation, and as a result no polling is 
required to determine which operation is to be performed. 

NEC offers three versions of the µPD8080AF. These processors have all the features 
of the µPD8080AF except the clock frequency ranges from 2.0 MHz to 3.0 MHz. 
These units meet the performance requirements of a variety of systems while maintain-
ing software and hardware compatibility with other 8080A devices. 

00000000~goo 
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µ PD8080AF 
PIN IDENTIFICATION cIN 

FUNCTION 

I 
NO. 

- 
SYMBOL NAME: 

1, 
25-27, 
29-40 

A75 — Ap Address Bus 
(output three- 
state) 

The address bus is used to address memory (up to 64K 8-bit words) 
or specify the I/O device number (up to 256 input and 256 output 
devices). Ap is the least significant bit. 

2 VSS Ground (input) Ground 

3.10 D7 — DO Data Bus (input/ 
output three-state) 

The hidirectional data bus communicates between the processor, 
memory, and I/O devices for instructions and data transfers. Dur-
ing each sync time, the data bus contains a status word that 
dexribes the current machine cycle. Dp is the least significant bit. 

t 1 Vgg Vgg Supply Voltage 
linputl 

-5V ± 5% 

12 RESET Reset linputl If the RESET signal is activated, the program counter is cleared. 
After RESET, the program starts at location 0 in memory. The 
INTE and HLDA flip-flops are also reset. The flags, accumulator, 
stack pointer, and registers are not cleared. (Note: External syn-
chronization is not required for the RESET input signal which 
must be active for a minimum of 3 clock periods.) 

13 HOLD Hold linputl HOLD requests the processor to enter the HOLD state. The HOLD 
state allows an external device to gain control of the µPD8080AF 
address and data buses as won as the µPD8080AF has completed 
its use of these buses for the current machine cycle. It is recog-
nized under the following conditions: 
• The processor iz in the HALT state. 
• The processor is in the T2 or Tyy stage and the READY signal 

is active. 
As a result of entering the HOLD state, the ADDRESS BUS 
(A75 — A01 and DATA BUS (D7 — Dpl are in their high imped-
ance state. The Drocessor indicates its state on the HOLD 
ACKNOWLEDGE (HLDA) pin. 

74 INT Interrupt Request 
linputl 

The µPD8080AF recognizes an interrupt request on this line at 
the end of the current instruction or while halted. If the 
µPD8080AF is in the HOLD state, or if the Interrupt Enable 
flip-flop is reset, it will not honor the request. 

15 ~2 Phase Two linputl Phase two of processor clock. 

16 
, 

INTE Qt Interrupt Enable 
)output) 

INTE indicates the content of the internal interrupt enable flip-
flop. This flip-flop is set by the Enable IEII or reset by the 
Disable IDII interrupt instructions and inhibits interrupts from 
being accepted by the processor when it is reset. INTE is auto- 
ma[ically rext (disabling further interrupts) during T 1 of the 
instruction fetch cycle IM 11 when an interrupt is accepted and 
iz also reset by the RESET signal. 

17 DBIN Data Bus In 
(output) 

DBIN indicates that the data bus is in the input mode. This 
signal is used to enable the gating of data onto the µPD8080AF 
data bus from memory or input ports. 

18 WR Write (output) WR is used for memory WRITE or I/O output control. The data 
on the data bus is valid while the W R signal is active (WR = 01. 

19 SYNC Synchronizing Signal 
(output) 

The SYNC signal indicates the beginning of each machine cycle. 

20 VCC VCC SuPDIy 
Voltage linputl 

+5V ± 5% 

21 HLDA Hold Acknowledge 
(output) 

HLDA is in response to the HOLD signal and indicates that the 
data and address bus will go to the high impedance state. The 
HLDA signal begins at: 
• T3 for READ memory or input operations. 
• The clock period following T3 for W RITE memory or 

OUTPUT operations. 
In either case, the HLDA appears after the rising edge of ~1 and 
high impedance occurs after the rising edge of p2. 

22 Q1 Phase One linputl Phase one of processor clock. 

23 READY Ready linputl The READY signal indicates to the µPD8080AF that valid mem-
ory or input data is available on the µPD8080AF data bus. 
READY iz used to synchronize the processor with slower memory 
or I/O devices. If after sending an address out, the µPD8060AF 
does not receive a high on the READY pin, the µPD8080AF enters 
a WAIT state for as long as the READY Din is low. (READY can 
also be used to single step the processor,) 

24 WAIT Wait (output) The WAIT signal indicates that the proceswr is in a WAIT state. 

28 VDD VDD Supply Voltage 
linputl 

*12V ± 5% 
' 

Note: (~ Alter the EI i :traction, the yPD&180AF accepts interrupts on the secotW instruction tollowitp the EI. This 
allows proper ezecution of [he RET instruction it ut interrupt operation is perWing after the servke routine. 
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µ PD8080AF 
Operating Temperature   0°C to+70° C ABSOLUTE MAXIMUM 

Storage Temperature (Ceramic Package)  -65° C to+150°C RATINGS*

Storage Temperature (Plastic Package)   -40°C to +125°C 

All Output Voltages Q1   -0.3 to +20 Volts 

All Input Voltages 0   -0.3 to +20 Volts 

Supply Voltages VCC• VDD and VSS 01   -0.3 to +20 Volts 

Power Dissipation   1•5W 

Note: ~1  Relative to Vgg. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied, Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability, 

'Ta = 25°C 

Ta = 0°C i:o +70°C, Vpp = +12V ± 5%, VCC = +5V ^_ 5%, Vgg = —5W ± 5%, Vgg = OV,: 

unless otherwise specified. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Clock Input Low 
Voltage 

VILC VSS - 1 VSS+0.8 V 

Clock Input High 
Voltage 

VIHC 9.0 Vpp + 1 V 

Input Low Voltage VIL V$$- 7 VgS+0.8 V 

Input High Voltage VIH 3.3 VCC+ 1 V 

Output low Voltage VOL 0.45 V IpL = 1.9 mA on all outputs 

IOH =-150µA Output High Voltage VOH 3.7 V 

Avg. Power Supply 
Current IVOD) 

IDDIAV) 40 70 mA 

tCy min Avg. Power Supply 
Current (VCC1 

ICCIAV) 60 60 mA 

Avg. Power Supply 
Current IVggl 

Igglgy) 0.07 1 mA 

Input Leakage IIL ±10 ® µA VSS 5 VIN ~ VCC 

Clock Leakage ICL r10 Q µA VSS ~ VCLOCK ~ VDD 

Data Bus Leakage 
in Input Mode 

IDL Q7 - 100 
-2 © 

µA 
mA 

VSS S VIN 5 VSS + O.BV 
Vgg+O.BV 5 VIN ~ VCC 

Address and Data Bus 
Leakage During HOLD 

IpL +70 ® 
-700 

µA VADDR/DAT^. _ `rCC 
VADDR/DATA' VSS+0.45V 
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S
U
P
P
L
Y
 C
U
R
R
E
N
T
 

1,5 

1,0 

0,5 

TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALIZED U 

0 +25 +50 

AMBIENT TEMPERATURE 1°CI 

+75 

Notes: Q7  When DBIN is high and VIN > VIH internal active pull-up resistors will 

be switched onto the data bus. 

02 Minus (—) designates current flow out of the device. 
Q3 DI supply/~Ta = —0.45%/°C. 

Ta = 25°C, VCC =Vpp = VgS = OV, Vgg = —5V. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Clock Capacitance Cm 17 25 pF i s = 7 MHz 
Unmeasured Pins 
Returned to V$S 

Input Capacitance CIN 6 70 pF 
Output Capacitance CpUT 10 20 pF 

DC CHARACTERISTICS 

CAPACITANCE 



µPD8080AF 
AC CHARACTERISTICS 
µPD8O8OAF 

Ta = 0°C to +70°C, Vpp = +12V ± 5%, VCC = +5V ~ 5%, V gg = —5V ± 5%, Vgg = OV, unless otherwise 
specified. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TYP MAX 

Clock Period tCy -Q3 0.48 2.0 µsec 

Clock Rise and Fall Time tr, tf 0 50 nsec 
mi Pulse Width tm1 60 nsec 
p2 Pulse Width 2~2 220 nsec 
Delay mi to ~2 tD1 0 nsec 

Delay ~2 to m1 tD2 70 nsec 

Delay ~1 to 02 Leading Edges tpg 80 nsec 

Address Output Delay From 02 tpq 02 200 nsec 
CL=100 PF 

Data Output Delay From p2 tpp 02 220 nsec 

Signal Output Delay From ~1, 
or 42 (SYNC, WR, WAIT, 
HLDA) tpC Q2 120 nsec CL = 50 pF 

DBIN Delay From ~2 tpF Q2 25 140 nsec 

Delay for Input Bus to Enter 
Input Mode tDl O tDF nsec 

Data Setup Time During m1 and 
DBIN iDS1 30 nsec 

Data Setup Time to m2 During 
DBIN tD82 150 nsec 

Data Hold Time From p2 During 
DBIN tpH 07 01 nsec 

INTE Output Delay From ~2 tIE O 200 nsec CL = 50 pF 

READY Setup Time During 02 tRS 120 nsec 

HOLD Setup Time to 62 tHS 140 nsec 

INT Setup Time During m2 
(During 01 in Halt Model tlg 120 nsec 

Hold Time from ~2 (READY, 
INT, HOLD) tH 0 nsec 

Delay to Float During Hold 
(Address and Data Bus) tFp 120 nsec 

Address Stable Prior to WR tgyf Q2 05 nsec 

CL = 100 pF: Address, 
Data 

CL = 50 pF: WR, 
HLDA, DBIN 

Output Data Stable Prior to W R tpyy Q2 © nsec 

Output Data Stable From WR tyyp Q2 O nsec 

Address Stable from ~W  Fi tyyA © ® nsec 

HLDA to Float Delay tHF Q2 ® nsec 

WR to Float Delay tyyF Q2 Q9 nsec 

Address Hold Time after DBIN 
during HLDA tAH O —20 nsec 

Notes: 0  Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time 
is assured. tpH = 50 ns or tpF, whichever is less, 

Q2 Load Circuit. 

µPD8080AF 
OUTPUT 

Q3  Actual tCY = tD3 + trm2 + tm2 + ttm2 + tD2 + trmi > tCy Min. 

TYPICAL ~ OUTPUT DELAY VS. 
D CAPACITANCE 

~
 O

V
T

P
U

T
 D

E
 L

A
V

 1
~ 

+20 

+10 

0 

10 

20 
—100 —50 0 +50 

~ CAPACITANCE (pf) 
IC ACTU AL — CSPE C)

+5V 

~ SPEC 

+100 

2.1 K 
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NrPD8080AF 
Ta = 0°C to +70°C, V pp = +12V ± 5%, VCC = +SV ± 5%, Vgg = -5V ± 5%, VSS = OV, unless otherwise 
specified. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Clock Period tCy 03 0,32 2.0 µsec 

Clock Rise and Fall Time tr, tf 0 25 nsec 

qt Pulse Width tq1 50 nsec 

q2 Pulse Width tq2 145 nsec 

Delay q1 to q2 tpi 0 nsec 

Delay q2 to qt tD2 60 nsec 

Delay qi to q2 Leading Edges tD3 60 nsec 

Address Output Delay From q2 tpq 02 150 "sec CL = 50 pF 
Data Output Delay From q2 tDD 0 180 nsec 

Signal Output Delay From qi, 
or q2 (SYNC, WR, WAIT, 
HLDA) tpC t~2 110 nsec CL = 50 pF 

DBIN Delay From q2 tDF O 25 130 nsec 

Delay for Input Bus to Enter 
Input Mode tDl ~ tOF nsec 

Data Setup Time During q1 and 
DBIN tD81 10 nsec 

Data Setup Time to q2 During 
DBIN t082 120 nsec 

Data Hold Time From q2 Durinq 
DBIN tDH OO Q1 nsec 

INTE Output Delay From q2 qE O2 200 nsec CL = 50 pF 

READY Setup Time During q2 tqg. 90 nsec 

HOLD Setup Time to q2 tF{g 120 nsec 

INT Setup Time During q2 
(for all modes) tlg 100 nsec 

Hold Time from q2 IREADV, 
tNT, HOLD) tH 0 nsec 

Delay to Float During Hold 
(Address and Data Bus) tFp 120 nsec 

Address Stable Prior to WR tqy,/ Q 05 nsec 

CL = 50 pF: Address, 
Data 

CL = 50 pF: WR, 
HLDA, DBIN 

Output Data Stable Prior to WR tpyy 02 ~6 nsec 

Output Data Stable From WR tyyp O2 Q7 nsec 

Address Stable from WR tyyq © O7 nsec 

HLDA to Float Delay tHF O2 ® nsec 

ZW i to Float Delay tyyF © 0 nsec 

Address Hold Time after DBIN 
during HLDA tqH 02 -20 nsec 

Notes Continued: 

® The following are relevant when interfacing the µPD8080AF ro devices having VIH = 3.3V. 
a. Maximum output rise time from O,BV to 3.3V = 100 ns at CL =SPEC. 
b. Output delay when measured to 3.OV = SPEC +60 ns at CL =SPEC. 
c. If CL #SPEC, add 0.6 ns/pF if CL ~ CSPEG subtract 0,3 nz/pF (from modified delay) it 

CL < CSPEG 

AC CHARACTERISTICS 
µPD8080AF-1 
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µPD8080AF 

AC CHARACTERISTICS Ta =O°Cm+70°C,Vpp=+12Ve5%,v~~=+svgs%,Vgg=-5vz5%,Vgg=OV,unlessotherwise 

µPD8080AF-2 specified. 

PARAMETER. SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Clock Period tCy 03 0.38 2.0 µsec 

Clock Rise and Fall Time tr, tf 0 50 nsec 

m1 Pulse Width t~l 60 nsec 

02 Pulse Width tm2 175 nsec 

Delay 01 to m2 tD1 0 nsec 

Delay m2 to 01 tD2 70 - nsec 

Delay m1 to m2 Leading Edges tD3 70 nsec 

Address Output Delay From m2 tpq Q 175 nsec 
CL = 100 pF 

Data Output Delay From 02 tpp 02 200 nsec 

Signal Output Delay From qt, 

or m2 ISVNC,.WR, WAIT, 
HLDA) ipC Q 120 nsec CL = 50 pF 

DBIN Delay From 02 tDF O 25 140 nsec 

Delay for Input Bus to Enter 
Input Mode tDl ~ tDF ^sec 

Data Setup Time During m1 and 
DBIN tDS1 20 nsec 

Data Setup Time to m2 During 
DBIN tD82 130 nsec 

Data Hold Time From 02 During 
DBIN tpFl Q7 Q1 nsec 

INTE Output Delay From 02 qE 02 200 nsec CL = 50 pF 

READY Setup Time During 02 tR8 90 nsec 

HOLD Setup Time to m2 tHg 120 nsec 

INT Setup Tima During 02 
(for all modes) qg 100 nsec 

Hold Time from m2 (READY, 
INT, HOLDI tH 0 nsec 

Delay to float During Hold 
(Address and Data Bus) tFp 120 nsec 

Address Stable Prior to WR tgyy Q2 Q5 nsec 

CL = 100 pF: Address, 
Data 

CL = 50 pF: WR, 
HLDA, DBIN 

Output Data Stable Prior to WR tpyy 02 © nsec 

Output Oata Stable From ~y tyyp © © nsec 

Address Stable Irom WR tyyq © ~ nsec 

HLDA to Float Delay tHF O ® nsec 

~1JR to Float Delay tyyF ® ~ nsec 

Address Hold Time after DBIN 
during HLDA tA1.1 02 -20 nsec 

Notes Continued: Q5 Dwiee tAg~l 

µPD8080AF 2 tCy — tD3 — tr~2 — 140 
µPD8080AF•2 2 tCV — tD3 — tr~2 — 130 
µPD8080AF•t 2 tCV — tD3 — trm2 — 110 

Dwiee tDW 

µPD8080AF tCV — tD3 — trg2 — 170 
µPD8080AF•2 tCV — tD3 — tr¢2 — 170 
µPD$OSOAF•i tCV — tD3 — trm2 — 150 

If not HLDA, tWD=tWA=tD3+tr02+10 ns, It HLDA, tWD - NVA=tWF• 

® tHF=tD3+tr~2-50 ns. 

Q tWF=tD3+trm2-10 ns. 
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µPD8080AF 

NO 

NO 

RESET 

READY +HLTA 

READY• HLTA 
NO 

READY 

YES 

READY 

YES SET INTERNAL 
HOLD F/F 

NO 

IS 
INTERNAL 
HOLD F/F 

SET? 

NO 

INST, 
EXECUTION 
COMPLETED 

YES 

INT • INTE 

V ES 

O 
HOLD 

I MODE 

J 

YES 

RESETiNTERNAL 
HOLD F/F 

SETINTERNAL 
INT F/F 

S ET INTERNAL 
HOLD F/F 

HOLD 

RESETINTERNAI 
HOLD F/F 

RESET HLTA 

HOLD 

Notes: Q1  INTE F/F IS RESET IF INTERNAL INT F/F IS SET. 
Q2  INTERNAL INT F/F IS RESET IF INTE F/F IS RESET. 
Q3 IF REQUIRED, Tq AND T5 ARE COMPLETED SIMULTANEOUSLY 

WITH ENTERING HOLD STATE. 

PROCESSOR STATE 
TRANSITION DIAGRAM 
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µPD8080AF 
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µ PD8080AF 
The instruction set includes arithmetic and logical operators with direct, register, 
indirect, and immediate addressing modes. 

Move, load, and store instruction groups provide the ability to move either 8 or 16 
bits of data between memory, the six working registers and the accumulator using 
direct, register, indirect, and immediate addressing modes, 

The ability'to branch to different portions of the program is provided with direct, 
conditional, or computed jumps. Also the ability to call and return from subroutines 
is provided both conditionally and unconditionally. The RESTART (or single byte 
call instruction) is useful for interrupt vector operation. 

Conditional jumps, calls and returns execute based on the state of the four testable 
flags (Sign, Zero, Parity and Carry). The state of each flag is determined by the result 

of the last instruction executed that affected flags, (See Instruction Set Table.) . 

The Sign flag is set (High) if bit 7 of the result is a "1"; otherwise it is reset (Cowl. The 
Zero flag is set if the result is "0"; otherwise it is reset, The Parity flag is set if the 
modulo 2 sum of the bits of the result is "0" (Even Parity); otherwise (Odd Parity) it 
is reset, The Carry flag is set if the last instruction resulted in a carry or a borrow out 
of the most significant bit (bit 71 of the result; otherwise it is .reset. 

In addition to the four testable flags, the µPD8080AF has another flag (ACY) that is 
not directly testable. it is used for multiple precision arithmetic operations with the 
DAA instruction. The Auxiliary Carry flag is set if the last instruction resulted in a 
carry or a borrow from bit 3 into bit 4; otherwise it is reset. 

Double precision operators such as stack manipulation and double add instructions 
extend both the arithmetic and interrupt handling capability of the µPD8080AF, 
The ability to increment and decrement memory, the six general registers and the 
accumulator are provided as well as extended increment and decrement instructions to 
operate on the register pairs and stack pointer. Further capability is provided by the 
ability to rotate the accumulator left or right through or around the carry bit. 

Input and output may be accomplished using memory addresses as I/O ports or the 
directly addressed I/O provided for in the µPD8080AF instruction set. 

The special instruction group completes the µPD8080AF instruction set: NOP, HALT 
stop processor execution; DAA provides decimal arithmetic capability; STC sets the 
carry flag; CMC complements it; CMA complements the contents of the accumulator; 
and XCHG exchanges the contents of two 16-bit register pairs directly. 

INSTRUCTION SET 

Data in the µPD8080AF is stored as 8-bit binary integers. All data/instruction trans- DATA AND INSTRUCTION 
fers to the system data bus are in the following format: 

D~ Dg D5 Dq D3 Dz Dt Dp 

MSB DATA WORD LSB 
Instructions are one, two, or three bytes long. Multiple byte instructions must be 
stored in successive locations of program memory. The address of the first byte is used 
as the address of the instruction. 

One Byte Instructions 
D7 D6 D5 Dq Dg Dz D~ Dp 

Two Byte Instructions 
D~ D61D5 Dq D3 ) D2 Dt IDo 

D7I D6 D6I Dq ID3 D2ID1 Dp 

Three Byte Instructions 

D~ Dg D5 Dq Dg Dz Dt Dp 

D~ Dg D5 Dq D3 Dz D7 Dp 

D~ Dg 05 Dq D3 Dz D7 Dp 

OP CODE 

OP CODE 

OPERAND 

TYPICAL INSTRUCTIONS 
Register to register, memory 
reference, arithmetic or logical. 
rotate, return, push, pop, enable, 
or disable interrupt instructions 

Immediate mode or 1/O instruc-
tions 

OP CODE Jump, call or direct load and 
store instructions 

LOW ADDRESSOR OPERAND 1 

HIGH ADDRESS OR OPERAND 2 

FORMATS 
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INSTRUCTION SET TABLE ~crc P D8080A F 

MNEMONICI 

INSTRUCTION COOEZ 2 
Llod N

DESCRIPTION DI Dg O$ OA D3 DZ 01 00 CYcln3

FLAGSa

¢ = c 

N 
~ u

FLAGoa

F ~ INSTRUCTION CODEZ 
Cbrk 2  a R a 

MNEMONICI DESCRIPTION OT Og Dg D~ D3 D2 DI Dg CyeMO y N s U 

MOVE LOAD REGISTER PAIR 

MOV e s Move regisrei to regiRer 0 I e a tl ' L%I B,D16 Loatl immetli:rse regislei 
MOV M,s Move register l0 0 1 1 0 0 0 0 0 0 0 0 to 
MOV a,M Move memory ro rpmpe 0 a e tl 1 0 ] L%I D Di6 Loan immwlau agism 

e.De Move immmiaa .o rprRei o o e a I D ] err OE 0 0 0 0 0 to 
MV I M,DB Mpve immetliaa m memory 0 0 I I 0 1 1 0 10 Lxl H,D16 Lpae immeaiale regiavi 

ar, NL o D 0 0 0 0 lo. 
INCREMENTrDECREMENT LkI SP Ot6 Loatl immetli;.le Slack 

INR a m n register 0 0 0 0 5 
Pointer 0 0 1 1 0 0 0 t0 

DCR a Decremem register 0 0 0 5 PUSH 

DCR M 
n m i 0 0 0 0 0 10 

Dec emem memory 0 0 1 I 0 I 0 I 10 PUSH B us Dair BC 
0 0 0 0 1 tt 

PUSH D Pusnsregisrer parr DE ALU -REGISTER T04CCUMUL4TOR 

ADos 

ADca 

AUtl regisser to A 0 0 0 0 a 
Aee register Ip A with 

0 1 0 0 1 
PUSH H s,p stet pair HL 

ack I o 0 0 1 n 
o D o I PusH Psw Puan A am ups on suck 1 t 0 0 t 11 

SUes 

SBB s 
SubVacs rprRer Ir m A 0 0 0 0 
Subtract regiale~ Irom q 

n borrow 0 0 
POP 

POP B Pop rpisar pair BC oll ANAs AND rpisrer wrin A 0 1 O O s s s a • • • 0 
%RAs Eac rye OR Regizre~ 1 1 0 0 0 0 0 10 

~M1SA 0 1 0 1 • • • 0 POP 0 Pop egisar pair DE ofl 

ORAs OR register wiln A 0 I 0 • • • 0 I I 0 0 0 0 10 

CMPs Compere rprster wrsn A 0 1 1 POP H PoparpiHer pau HL oll 
1 1 I 0 0 0 0 10 

ALU - MEMORy TO ACCUMULATOR POP PSW PoOaAkane (lags oll slack 1 1 1 0 0 0 10 

ADO M AOe memory to A 1 0 0 0 0 0 ] DOUGLE ADD 
ADc M Aatl memory .p A wrin 

o a o I o ] DgDe Aae Bcw HL o 0 0 0 1 D o to 
SUB M Subl act memory Irom q 1 0 0 0 0 ) OgoD ea DE Ip HL o o D o o m 
SBB M Sublrxr memory nom A DADH aHL Ip HL o 0 1 o a a m 

ANA M AND 
ma w i 0 0 1 0 ] 

I O t 0 0 0 ] 0 

DAD SP Atltl Ssxk Pomler ro HL 0 0 1 1 1 0 0 1 10 

INCREMENT REGISTER PAIR %RA M Eycrusive OR memory 

ORA M 
c 1 0 0 ] • 

OR tmemory wrrh A 0 1 0 0 ] • 
0 
0 

INk 8 I mane BC 0 0 0 0 0 0 5 

CMP M Comp;ue memory wim A I 0 1 1 0 ] INx D Irrcremem DE 0 0 0 0 0 5 
IN%H m nr HL 0 0 1 0 0 0 5 
IN%SP Increment $lack Pomler 0 0 1 t 0 0 5 ALU -IMMEDIATE TO ACCUMULATOR 

ADI OB Aatl immetlate to A 0 0 0 1 t 0 DECREMENT REGISTER PAIR 

ACI D8 Aatl rmmeeaale to A wrsn 
DCX B Decrement BC 0 0 0 0 / 0 5 

0 0 1 1 0 
DCX 0 Decrement DE 0 0 0 1 1 0 5 

SUI O6 Sublets rmmeeale Irom A 0 0 I 0 
DC% H Decrement HL 0 0 1 0 1 0 5 

581 D8 SuOuact rmmetliaa nom A 
In borrow 0 1 

OCX SP Decrement $lack Pmnler 0 0 1 1 1 0 5 

ANI D6 AND immeOiaN with A 1 0 0 I 0 REGISTER INDIRECT 
%Rl DB E %ciusive OR immeeiale 

0 1 • • 0 STAk B Aore A al ADDR in BC 0 0 D 0 0 0 1 0 
ORI OR OR rmmeeale wnn A 1 0 gTAk D $sore A al ADDR in OE 0 0 0 1 0 0 1 0 
CPI De Cpmpa a immeerase wrsn A 1 1 1 1 0 LDA% B Loatl A ar ADDR in BC 0 0 0 0 1 0 1 0 

LDA% O Loatl A al ADDR in DE 0 0 0 1 1 0 I 0 
ALU -ROTATE 

RLC MSB 
DIRECT 

s, to 
r\e IB-0irl 0 0 0 0 0 1 1 1 STA ADDR Store A eirecr 0 0 1 t 0 0 1 0 13 

RRC Rotate A rigor, LSB so LDA ADDR Loae Aeirect 0 1 i 1 0 0 13 
y lBanl 0 0 0 0 A sHLD ADDR soya HL arrmr 0 0 0 0, 0 0 16 

RAL Rotate A sell mrougn LHLD ADDR Loatl RL eirecr 0 0 1 0 . 1 0 1 o I6 

RAR 
ry IBdru 0 0 0 I 0 I 1 I A 

ca •v 19-b911 
In rough 

0 0 0 1 1 1 1 1 0 

MOVE REGISTER PAIR 

%CMG Eecnange OE ane HL 
l o l o l l A JUMP register pales 

xTML Eacnange top of stack 
JMP ADDR Jump uncoMilronal 0 0 0 10 ane HL 1 1 1 0 0 0 1 1 18 
JNZ ADDR lump on not xro 0 0 0 10 SPHL HL so Stock Pointer 1 1 1 1 1 0 0 1 5 
JZ ADDR Jump on zero 0 0 1 10 PCHL HL to Program Counter 1 1 1 0 1 0 0 1 5 
JNC ADDR 
JC ADDR 

Jump on no carry 

JumO on carry 
0 1 0 

0 1 1 
to 
lD INPUT/OUTPUT 

JPO ADDR 
JPE ADDR 

Jump on parity oetl 0 0 
1 0 1 

10 
10 IN A Inpus 0 I I 0 1 t 10 

JP ADDR 1 0 t0 OUT A Ouspus 0 1 0 0 t t la 

JM ADDR Jump on minus 1 t0 EI Erialsle in'err 1 0 1 1 wls 
DI Di a le rry u I l o D l l a 
RST A Restart 

in 

A A A I 1 1 11 CALL 

CALL ADDR G1l unconeisroonal o D 1 t] MISCELLANEOUS 

CNZ ADDR 
CZ ADDR 

GII On nos ter 
GII on aero 

0 0 0 

0 0 

1 1) 
1111) CT A Compleamenl A 0 1 0 1 1 ; 1 

CNC ADDR GIr on no carry 0 0 11/1T S C o c r 0 1 0 1 1 A 

CC ADDR 
CPO ADDR 

GII on carry 
Gu on w.iro om 

0 
0 11

11]

11] 

CMAC C mplement carry 
D A Decimal aejust A 

0 
0 1 0 0 1 1 1 a 

cPE ADDR GII on parity evm 11(1] HOP No opeauon 0 0 0 0 0 0 0 a 

CP ADDR GII on povlrve 0 11/1] LT Hell 1 1 1 0 1 1 0 

CM ADDR GII on minus 1 1 1111) 
Nolen. 

RETURN 1 Ope.ane Symbors usee ItleO or sss - 000 B - 001 C - 010 D - 011 E - 100 H -

RET 
RNZ 

Return 
Return on not aero 

10 
A = Bbrl aeeres or e•Dression 101 L - 110 Memory - 111 A. 

e-eestirat on rpister 3Two ssible cycle rimes l5/)11 'irMicaa 
R2 Return on aero 0 Slll PSW = Processor Slalus Word ion EepeMens pn wneirion 
RNC Resurn on rw carry Slll SP=Stu4 Pointe. eapsucl 

ycles 

RC Return on carry 0 5/lt DB = Ball a•la Raampy, r%prexion, o. 
RPO Return on parity oetl 1 5111 w.n 62 of inknpprpn A•  _ np aaecue 
RPE R rn n n e 5r 11 DIB - IBan mu Arr•mirv. eaprra,lnn, pr np np. all.plre 
qP Resurn on Iwuswe 5/1 1 ys 8382 0l inR.ucsion 0' Ilp rase 

tRM Return on minus 5/It ADDR = l6ait Memory aetlress expression 1 = Ilp ses 
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One to five machine cycles IMF -- M5) are required to execute an instruction. Each 
machine cycle involves the transfer of an instruction or data byte into the processor 
or a transfer of a data byte out of the processor (the sole exception being the double 
add instruction. The first one, two or three machine cycles obtain the instruction 
from the memory or an interrupting I/O controller. The remaining cycles are used to 
execute the instruction. Each machine cycle requires from three to five clock times 
ITS — T51• During ~1 •SYNC of each machine cycle, a status word that identifies the 
type of machine cycle is available on the data bus. 

Execution times and machine cycles used for each type of instruction are shown 
below. 

INSTRUCTION MACHINE CYCLES EXECUTED 

CLOCK TIMES 
IMIN/MAXI 

RST X and PUSH RP PCR5 0  SPW3 Q  SPW3 Q5 11 

All CALL Instructions PCR5 O1  PCR3 Q  PCR3 Q2 SPW3 ® SPW3 © 11/17 

Conditional TURN 
Instructions 

PCR5 Q  SPR3 Q4 SPR3 ® 5/11 

RET Instruction PCR4 O SPR3 ® SPR3 ® 10 

XTHL PCR4 01 SPR3 ® SPR3 Q4 SPW3 © SPWS 05 18 

DAD RP PCR4 ~ PCX3 © PCX3 ® 10 

INR R; INX RP, DCR R; 

DCX RP; PCHL; 
MOV R, R; SPHL 

PCR5 Q1 5 

All JUMP Instructions 
and LXI RP 

PCR4 O PCR3 © PCR3 Q2 10 

POP RP PCR4 O SPR3 O4  SPR3 Q4 10 

LDA PCR4 Q PCR3 © PCR3 © BBR3 © 13 

STA PCR4 0  PCR3 Q2 PCR3 02 BBW3 © 13 

LHLD PCR4 O PCR3 © PCR3 © 88R3 © BBR3 © i6 

SHLO PCR4 Q PCR3 © PCR3 © BBW3 © BBW3 ~ i6 

STAX 6 PCR4 O1 BCW3 O3 7 

STAX D PCR4 Q1  DEW3 Q3 7 

LDAX B PCR4 0  BCR3 O 7 

LDAX D PCR4 Q  DER3 © 7 

MOV R, M; ADO M; 

ADC PA; SU8 M; SB B M; 
ANA M; XRA M; 
ORA M; CMP M 

PCR4 Qi  HLR3 © 7 

INR M and DCR M PCR4 Q7 HlR3 © HLW3 O3 10 

MVI M PCR4 Ol PCR3 O2 HLW3 © 10 

MVI R; ADI; ACI; SUI; 
581; ANI; XRI; ORI; CPI 

PCR4 0  PCR3 0 7 

MOV M, R PCR4 0  HLW3 © 7 

EI; DI ADD R; 
ADC R; SUB R; 
S88 R; ANA R; XRA R; 
ORA R; CMP R; R LC; 
RRC; RAL; RAR; 
DAA; CMA; STC; 
CMC; NOP; XCHG 

PCR4 0 4 

OUT PCR4 0 PCR3 ® ABW3 ~ 10 

IN PCR4 Q PCR3 ~ ABR3 ® 10 

HLT PCR4 Q PCX3 ® 7 

Machine Cyels Symbol Definition 

XX V Z ON a~ Status word tlefining type of machine XX ~l HL Regiften H and L used es add reef 
T T T cycle (See Status Word Chart) 

` 
— IBC = Registen 8 and C used of address 

I DE = Registers D antl E used as address 
SP = $tack Ppintar ufed M addreff 
BB = Byte Z antl 3 used of addrBSf 

I a' I Number of clocks for this machine cycle 
R - Read tleta into yI cycle - DroceSsor 
W =Write Cycle - tlat8 out Of prOcesiOr 
X = No tlata transfer AB = Byte Z used as address 
PC Program Counter dead as address 

U nderlinetl lXX VZON 1 indicates machine cycle if e.ecu tad if condition if True. 

INSTRUCTION CYCLE 
TIMES 
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~ PD8080AF 
STATUS INFGRMATION 
DEFINITION 

STATUS WORD CHART 

SYMBOLS DATN BUS BIT DEFINITION 

INTA n Dp Acknowledge signal for INTERRUPT 
request. Signal should be used to gate 
a restart or CALL instruction onto 
the data bus when DBIN is active. 

WO D ~ Indicates that the operation in the 
current machine cycle will be a 
WRITE memory or OUTPUT function 
(WO = 0). Otherwise, a READ 

memory or INPUT operation will be 

executed. 

STACK D2 Indicates that the address bus holds 

the pushdown stack address from the 

Stack Pointer. 

HLTA D3 Acknowledge signal for HALT 
instruction. 

OUT Dq Indicates that the address bus contains 
the address of an output device and 
the data bus will contain the output 
data when WR is active. 

M~ D5 Provides a signal to indicate that the 

CPU is in the fetch cycle for the first 

byte of an instruction. 

INP Q1 Dg Indicates that the address bus contains 
the address of an input device and the 
input data should be placed on the data 
bus when DBIN is active. 

MEMR Q1 D7 Designates that the data bus will be 
used for memory read data. 

Note: Q1  These three status bits can be used to control the flow of data onto the 
µPD8080AF data bus. 

TYPE OF MACHINE CYCLE 

DO INTA 0 0 0 0 0 0 0 1 0 1 

pt YV~ 1 7 0 1 0 1 0 1 1 1 

O~ STACK 0 0 0 1 t 0 0 0 0 0 
D3 HLTA 0 0 0 0 0 0 0 0 7 7 
Dd OUT 0 0 0 0 0 0 1 0 0 0 
Dg M7 1 0 0 0 0 0 0 1 0 1 
Dg INP 0 0 0 0 0 1 0 0 0 0 
D~ MEMR 1 1 0 1 0 0 0 0 1 0 

STATUS WORD 
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A 

1 

B _ 1 Il U IUI L L ll GJ~:~ U l ~ y 1~1 U Ii L f `
--) f _'1 1- ~ E D

(PLASTIC) 

0° - 15` ̂  

ITEM MILLIMETERS INCHES 

A 51.5 MAX. 2.028 MAX. 
B 1.62 MAX. 0.064 MAX. 
C 2.54 * 0.1 0.10 ± 0.004 
D 0.5±0.1 0.019 0.004 
E 48.26 ± 0.1 1.9 ~ 0.004 
F 1.2 MIN. 0.047 MIN. 
G 2.54 MIN. 0.10 MIN. 
H 0.5 MIN. 0.019 MIN. 
I 5.22 MAX. 0.206 MAX. 
J 5.72 MAX. 0.225 MAX. 
K 15.24 TVP. 0.600 TYP. 
L 13.2 TYP. 0.520 TYP. 

M 0.25 
+0.1 

' -0.05 

_ 

0.010 
+0.004 
-0.002 

(CERAMIC) 

PACKAGE OUTLINE 
µPD8080AFC 

 K  µPD8080AFD L~1
~~ 

o-, o° 

ITEM MILLIMETERS INCHES 

A 51.5 MAX. 2.03 MAX. 
B 1.62 MAX. 0.06 MAX. 
C 2.5420.1 0.1 ±0.004 
0 0.5 2 0.1 o.oz 2 o.00a 
E 48.26 * 0.1 1 .9 ± 0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13 MIN. 
H 1.0 MIN. 0.04 MIN. 
I 3.5 MAX. 0.14 MAX. 
J 4.5 MAX. 0.18 MAX. 
K 15.24 TYP. 0.6 TYP. 
L 14.93 TVP. 0.59 TVP. 
M 0.25 - 0.05 0.01 ± 0.0019 
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NEC Microcomputers, Inc. 

µPD8085A SINGLE CHIP 8-BIT 
N-CHANNEL MICROPROCESSOR 

NBC 
µPD8085A 
µ PD8085A-2 

DESCR IPTION The µPD8085A is a single chip 8-bit microprocessor which is 100 percent software 

compatible with the industry standard 8080A. It has the ability of increasing system 
performance of the industry standard 8080A by operating at a higher speed. Using 
the µPD8085A in conjunction with its family of ICs allows the designer complete 
flexibility with minimum chip count. 

FEATURES • Single Power Supply: +5 Volt,±10% 

• Internal Clock Generation and 

System Control 

• Internal Serial In/Out Port. 

• Fully TTL Compatible 

• Internal 4-Level lnterrupt Structure 

• Multiplexed Address/Data Bus for 

Increased System Performance 

• Complete Family of Components for 

Design Flexibility 

• Software Compatible with Industry Standard 8080A 

PIN CONFIGURATION 

• Higher Throughput: µPD8085A — 3 MHz 
µPD8085A-2 — 5 MHz 

• Available in Either Plastic or Ceramic Package 

x1
X2 

RO 

SO D 
SID 

TRAP 

RST 7.5 
RST 6.5 
RST 5.5 
INTR 

INTA 
ADO 
A01 

AD2 
AD3 

ADq 
AD5 
ADg 
AD7 

ASS 

t ao 
2 39 

3 38 
4 37 
5 36 
6 35 
7 34 
8 33 
9 32 
to µPD 37 

t 1 8085A 30 
72 29 
13 28 
14 27 
75 26 
16 25 
17 24 
78 23 
19 22 

20 21 

~cc 
HOLD 

HLDA 

CLK TOUT) 
RESETIN 

R EADV 

10/M 
S1 

RD 

WR 

ALE 
Sp 

A15 

Ai4 

A13 

A` 12 
A11 

A10 
Ag 

Ag 
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µPD8085A 

TheµPD8085A contains six $-bit data registers, an 8-bit accumulator, four testable FUNCTIONAL 
flag bits, and an 8-bit parallel binary arithmetic unit. The µPD8085A also provides DESCRIPTION 
decimal arithmetic capability and it includes 16-bit arithmetic and immediate operators 
which greatly simplify memory address calculations, and high speed arithmetic 
operations. 

The µPD8085A has a stack architecture wherein any portion of the external memory 
can be used as a last in/first out (LIFO) stack to store/retrieve the contents of the 
accumulator, the flags, or any of the data registers. 

The µPD8085A also contains a 16-bit stack pointer to control the addressing of this 
external stack. One of the major advantages of the stack is that multiple level inter-
rupts can easily be handled since complete system status can be saved when an inter-
rupt occurs and then restored after the interrupt is complete. Another major advantage 
is that almost unlimited subroutine nesting is possible. 

The µPD8085A was designed with speed and simplicity of the overall system in mind. 
The multiplexed address/data bus increases available pins for advanced functions in the 
processor and peripheral chips while providing increased system speed and less critical 

timing functions. All signals to and from the µPD8085A are fully TTL compatible. 

The internal interrupt structure of the µPD8085A features 4 levels of prioritized 
interrupt with three levels internally maskable. 

Communication on both the address lines and the data lines can be interlocked by using 
the HOLD input. When the Hold Acknowledge (HLDA) signal is issued by the pro-
cessor, its operation is suspended and the address, data and control lines are forced to be 
in the FLOATING state. This permits other devices, such as direct memory access 
channels (DMAI, to be connected to the address and data busses. 

The µPD8085A features internal clock generation with status outputs available for 
advanced read/write timing and memory/10 instruction indications. The clock may be 
crystal controlled, RC controlled, or driven by an external signal. 
On chip serial in/out port is available and controlled by the newly added R IM and SIM 
instructions. 

?liffifl._~, .,~ 
•-~ eie 

~~ 
~~ 

7 

mrena.i o~~~wan rci 
.w~.l~rewonn.. necnex 

BLOCK DIAGRAM 



~ccP D8085A 

PIN IDENTIFICATION PIN 
FUNCTION NO. SYMBOL NAME 

1, 2 X1, X2 Crystal In Crystal, RC, or external clpck input 

3 RO Reset Out Acknowledge that the processor Is being reset fo be 
used as a system reset 

4 SOD Sepal Out Data l~bit data out by the SIM instruction 

5 SID Serial In Data 1~bit data into ACC bit 7 by the RIM instruction 

6 Trap Trap Interrupt 
Input 

Highest priority nonmaskable restart interrupt 

7 
8 
9 

RST 7.5 
RST 6.5 
RST 5.5 

Reston 
In[errupu 

Priority restart interrupt inputs, of which 7.5 is the 
highest and 5.5 the lowest priority 

10 INTR Interrupt 
Request In 

A general interrupt input which srops'the PC Irom 
incrementing, generates INTA, and samples the data 
bus for a restart or call instruction 

11 INTA Interrupt 
Acknowledge 

An output which indicates that the Drocessor has 
responded to INTR 

1219 ADO - AD7 Low 
AddresslData Bus 

Multiplexed low adtlress and data bus 

20 Vgg Ground Ground Reference 

2128 Ag - Al g High Address Bus Nonmultiplexed high 8~bits of the address bus 

29, 33 SO, S1 Status Outputs Outputs which indicate tlata bus status: Halt. Write. 
Read, Fetch 

30 ALE Atldress Latch 
Enable Out 

A signal which indicates that the lower 8-bits of 
address are valid on the AD lines 

31, 32 WR. RD Write/Read 
Strobes Out 

Signals out which are used as write and read strobes 
for memory antl 1!O dewces 

34 10/M I/O or Memory 
Indicator 

A signal out which indicates whether RD or WR 
strobes are for I/O or memory devices 

35 Ready Ready Input An input which is used to increase the data and 
address bus access times Icon ba used for slow 
memory) 

36 Reset In Reset Input An input which Is uud to start the processor activity 
at address 0, reseving IE and HLDA flip~Hops 

37 CLK Clock Out System Clock Output 

38, 39 HLDA, HOLD Hold Acknowledge 
Out and Holtl 
Input Request 

Used to request and indicate that the Drocessor should 
relinquish the bus far DMA activity. When hold K 
acknowledged, RD, WR, 10/M, Address antl Data 
busses are all 3~ztated. 

40 VCC SV Supply Power Supply Input 

ABSOLUTE MAXIMUM Operating Temperature  0°C to+70°C 

R AT I N GS ~ 
Storage Temperature (Ceramic Package)  -65°C to +t50°C 

(Plastic Package)   -40°C to +~ 25°C 

Alt Output Voltages   -0.3 to +7 Volts 

All Input Voltages   -0.3 to +7 Volts 

Supply Voltage VCC  -0.3 to +7 Volts 

Power Dissipation   1.5W 

COMMENT: Stress above those bsted under "Absolute Maximum Rasings" may cause permanent 
damage to the device. Thif is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specil ication is not 
implied. Exposure to absolute maximum rating conditions for extendetl periotls may aflec[ device 
rsliability. 

'Ta = 25°C 

DC CHARACTERISTICS ra-o°ctp+7o°c,vcc-+5vtlow,VgS-GND,unlauotherwisespecifietl 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 
CONDITIONS MIN TYP MAX 

Input low Voltage VIL VSS -0.5 VSS+0.8 V 

Input High Voltage vIH t.0 VCC ~ 0.5 V 

Output Low Voltage VOL 0.45 V IOL = 2 mA on all outputs 

IOH = -400 us Output Migh Voltage VOH 2.4 V 

Power Supply Current (VCC1 ICC IAVI 770 mA t0y min 

Input Leakage IIL c10' O1 pA VIN `VCC 

Output Leakage ILO _10 ~ PA 0.45V G VOUT G VCC 

InWt Low Level. Reset VILR -0.5 «0.8 V 

Input Nigh Level, Reset VIHR 2.1 VCC ~ 0.5 V 

Hysteresis, Reset VHy 0.25 V 

Ntas: V Minw 1-1 designates current Flow out of the deuce. 
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Ta•0° C to*70° C; VCC•6Vs 10%; Vgg•OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS 

/1PD8086A /BDB086A~2 

MIN MAX MIN MAX 

CLK Cycle Period TpyC 320 T000 200 2000 ns 

TCVC' 320 ns 

CL • 160 pF 

Output Voltages 

VL • 0.5 Volts 
VH • 2.0 Volts 

Input Voltages 

VL • 0,8 Volts 
VH • 1.6 Volts at 
20 ns rin end fall 
limn 

For outDub where 
CL - 150 pl, correct 
n lollows: 
26 Df G CL < 150 pf 
-0.10 nafp+ 

150 pf <CL ~ 
300 pf ~ 0.30 nslpf 

Outpuu measured 
with only 
capacitive load 

CLK Low Tima tt SO 40 ns 

CLK High Tims t2 120 70 ns 

CLK Rise and Fall Tims tr, Lf 30 30 ns 

Addraw Valid Before Trailing Edpa of ALE tqL 170 50 ns 

Address Hold Tima After ALE tLq 100 50 ns 

ALE Width tLL 140 BO m 

ALE Low During CLK High tLpK 100 50 m 

Training Edq o1 ALE to Ustlinp Etlpe of 
Control 

tLp t30 60 m 

Atltlrass Float After Lssadin0 Edpa of 

iiEA6 I IAA) 
tgpq 0 0 m 

Valitl Address to Valid Data In tqp 675 350 ns 

A~ for INTAI to Valid Data tqp 300 160 ns 

Dots Hold Time Ahar R~  (INT~AI [qpH 0 0 ns 

Training Edge of READ to Rs~Enablinp 
of AtltlreD 

tggE 150 90 ns 

Atltlrns lAg~A161 Valid After Control0 tOq 120 60 ns 

Data Valitl to Training Etlge of W IT tpW 420 230 ns 

Date Valid Af[er Training FAq of WRIT tyyp 100 60 

Width of Control Low IRO, WR, IN fAI t cc 400 230 - ns 
Training Etlpa of Control to Leading Etlge 
of ALE 

[pL 50 25 ns 

R EADV Valid from Addran Valid [qqy 220 100 ns 

READY Setup Time to Leading Edge of CLK tgyg 110 100 m 

READY Hold Time tgyq 0 ~ 0 ns 

HLDA Valid to Training Etlpe o1 CLK tHACK 110 40 m 

Bus Float After HLDA tHABF 210 150 ns 

HLDA to Bus Enable tHABE 210 150 ns 

ALE ro Valid Data In tLpq 460 270 m 

Control Training Etlpe to Leading Edga of 
Next Control 

tqy 400 220 ns 

Address Valid to Leading Etlq of Control tqp 270 115 ns 
MOLD Setup Time to Training Etlge of CLK tNDS 170 120 ns 
HOLD Hold Time LHDH 0 0 rat 
INTR Setup Tima to Leading Edpa of CLK 
IM 1, T7 onlyl. Also RST and TRAP 

LINS 160 150 ns 

INTR Hold Time tINH 0 0 ns 
X7 Falling to CLK Rising LX Kq 30 120 30 700 na 
X 7 Felling to CLK Falling tXKF 30 150 30 110 ns 

Lading Edge of Write to Data Valid tWDL w 20 

Note: ~ IOIFd, S0, SI 

csx 

), 

EXKR 
LXKF y' 

f sLCX+ 

CLOCK TIMING 

~tf

LCYC — 

READ OPERATION 
T: I wA~) 

•e Ass ADDRESS 

ADD'AD) ADDRESS 

f tLL+I ~►—rLAy 

AIE; ~ AFR 

RD/1NTA 

tAD 

f tLC —~ 

AC 

 /ARV --+I 1R V5 tRVN 

l 

XI INPUT 

CLK 

Tp 

AC CHARACTERISTICS 

TIMING WAVEFORMS 

READY 



f,i,PD8085A 
TIMING WAVEFORMS 

(CONY.) 

CLK 

AB~'0't 5 

ADp~AD~ ADDRESS 

tLL~ 

AlE ~ 
tAL 

w 

LA 

WR 

R EADV 

WRITE OPERATION 

~ tLC~ ~ 
to 
ARY—+tiRYS RVH 

HOLD OPERATION 

CLK 

TZ T3

HOLD 
tHDS 

~ tH 
HLDA 

DH - 
rC

i 

tHABF 

BUS (ADDRESS, CONTROLSI 

A8~15 

ADp_~ 

Tt TZ

T HO LD 

If 

(1 

HACI i 

Tt

DATA OUT 

 i 
tWD 

tCL 

T HO LD 
Tt

tHABE 

INTERRUPT TIMING 

T3 I Ta I T5 T6
T HO LD 

X  CALLINST~ 

ALE ~` 

RD 

INTA 

BUS FIOATINGO 

INTR I : , %j 

tINS t tINH 

HOLD / 

HLDA 

1 

~HABE 

7HDS-y ' 

tHACK~~ 

~~ tHDH 
f—

1 

"~ tHABf 

Nota: Q7 10/M n also floating duritq this tip. 
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PROCESSOR STATE 
TRANSITION DIAGRAM 

SET 
HLDA FF 

RESET 
HLDA FF 

NO 

S T 
INTA FF 
RESET 
INTE FF 

SET 
HLDA FF 

HOLD 

VES 

HOLD 

VALIDINT 

VALIDINT 

RESET 
HALT FF 

SET 
INTA FF 

RESET 

INTE FF 

Notes: 0 BI indicates that the bus is idle during this machine cycle. 

CK indicates the number of clock cycles in this machine cycle. 
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CLOCK INPUTS ~ As stated, the timing for the µPD8085A may be generated in one of three ways; 
crystal, RC, or external clock. Recommendations for these methods are shown 
below. 

Clock 

In 

Clock 

In 

~~ 
20 pf T 

RC 

CRYSTAL 

20 pf 

EXTERNAL 

Xt Xp 

+5V 
a7o 

~3 MHz Input Frequency 
R C Resonance 

1-6 MHz Input Frequency 
Parallel Resonant Crystal 

+5V +5V 

470 

Note: ~ Input frequency must be twice the internal operating frequency. 

1-6 MHz 25-50°k DC 
X2 not used 

1-6 MHz > 50% DC 

STATUS OUTPUTS The Status Outputs are valid during ALE time and have the following meaning: 

S7 SO 

Halt 0 0 
Write 0 1 
Read 1 0 

Fetch 1 1 

These pins may be decoded to portray the processor's data bus status. 
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The µPD8085A has five interrupt pins available to the user. INTR is operationally the INTERRUPTS 
same as the 8080 interrupt request, three (3) internally maskable restart interrupts: 
RESTART 5.5, 6.5 and 7.5, and TRAP, a nonmaskable restart. 

PRIORITY INTERRUPT 
RESTART 
ADDRESS 

Highest 

I 

Lowest 

TRAP 

RST 7.5 

RST 6.5 

RST 5.5 

INTR 

2416 

3C18 

3416 

2C16 

INTR, RST 5.5 and RST 6.5 are all level sensing inputs while RST 7.5 is set on a rising 
edge. TRAP, the highest priority interrupt, is nonmaskable and is set on the rising edge 
or positive level. It must make a low to high transition and remain high to be seen, but 
it will not be generated again until it makes another low to high transition. 

Serial input and output is accomplished with two new instructions not included in the 
8080: RIM and SIM. These instructions serve several purposes: serial I/0, and reading 

or setting the interrupt mask. 

The RIM (Read Interrupt Mask) instruction is used for reading the interrupt mask and 

for reading serial data. After execution of the R IM instruction the ACC content is as 

follows: 

SI D I 
7.5 

I 
6.5 

I 
5.5 IE 

M 
7.5 

M 
6.5 

M 
5.5 

l

SERIAL PENDING 
DATA INTERRUPTS 
IN 

I I I 

INTERRUPT 
MASKS 

INTERRUPT 
ENABLE 

Note: After the TRAP interrupt, the RIM instruction must be executed to preserve the 
status of I E. 

The SIM (Set Interrupt Mask) instruction is used to program the interrupt mask and to 
output serial data. Presetting the ACC for the SIM instruction has the following 
meaning: 

SOD SOE X R 
7.5 

MSE 
M 
7.5 

M 
6.5 

M 
5.5 

SERIAL 
OUT 

DATA 

RESET 
RST 7.5 
ENABLE 

I 
I 

RST 
MASKS 

11 =SET) 

SERIAL MASK 
OUT SET 

DATA ENABLE 
ENABLE 11 =ENABLE) 

11 =ENABLE) 

SERIAL I/O 
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INSTRUCTION SET The instruction set includes arithmetic and logical operators with direct, register, 
indirect, and immediate addressing modes. 

Move, load, and store instruction groups provide the ability to move either 8 or 16 bits 
of data between memory, the six working registers and the accumulator using direct, 
register, indirect, and immediate addressing modes. 

The ability to branch to different portions of the program is provided with direct, con-

ditional, or computed jumps. Also, the ability to call and return from subroutines is 
provided both conditionally and unconditionally. The R ESTART (or single byte call 

instruction) is useful for interrupt vector operation. 

Conditional jumps, calls and returns execute based on the state of the four testable 
flags (Sign, Zero, Parity and Carryl. The state of each flag is determined by the result 
of the last instruction executed that affected flags. (See Instruction Set Table.) 

The Sign flag is set (High) if bit 7 of the result is a "1"; otherwise it is reset (Low►. The 
Zero flag is set if the result is "0"; otherwise it is reset. The Parity flag is set if the 
modulo 2 sum of the bits of the result is "0" (Even Parityl; otherwise (Odd Parity) it 
is reset. The Carry flag is set if the last instruction resulted in a carry or a borrow out 
of the most significant bit (bit 7) of the result; otherwise it is reset. 

In addition to the four testable flags, the µPD8085A has another flag (ACY) that is 
not directly testable. It is used for multiple precision arithmetic operations with the 
DAA instruction. The Auxiliary Carry flag is set if the last instruction resulted in a 
carry or a borrow from bit 3 into bit 4; otherwise it is reset. 

Double precision operators such as stack manipulation and double add instructions 
extend both the arithmetic and interrupt handling capability of the µPD8085A. The 
ability to increment and decrement memory, the six general registers and the accumu-
lator are provided as well as extended increment and decrement instructions to 
operate on the register pairs and stack pointer. Further capability is provided by the 
ability to rotate the accumulator left or right through or around the carry bit. 

Input and output may be accomplished using memory addresses as 1/O ports or the 
directly addressed I/O provided for in the µPD8085A instruction set. 

Two instructions, RIM and SIM, are used for reading and setting the internal interrupt 
mask as well as input and output to the serial I/O port. 

The special instruction group completes the µPD8085A instruction set: NOP, HALT 
stop processor execution; DAA provides decimal arithmetic capability; STC sets the 
carry flag; CMC complements it; CMA complements the contents of the accumulator; 
and XCHG exchanges the contents of two 16•bit register pairs directly. 

DATA AND INSTRUCTION Data in the µP08085A is stored as 8-bit binary integers. All data/instruction transfers 
FORMATS to the system data bus are in the following format: 

D~ D5 D5 Dq D3 D2 Dt Dp 

MSB DATA WORD LSB 

Instructions are one, two, or three bytes long. Multiple byte instructions must be 
stored in successive locations of program memory. The address of the first byte is used 
as the address of the instruction. 

Ona By[e Instructions 

DT DB D5 Oq D3 DZ Dt Dp 

Two Byte Instructions 

I D~ 
~ DB 

~ DTj DB 

D5 Dq 

D5~Dd

D3 

D3 

Three Byte Instructions 

l D7j DB jD5 1 Dq 

D71 DB 

I D7 I D6 

D51 D4 

DZ Ot Dp 

DZ IDt IDp 

D3 ID21D1 1D0 
D3 ID21D1 1D0 

D51Dd1D31D71D1 1D0 

OP CODE 

OP CODE 

OPERAND 

TYPICAL INSTRUCTIONS 

Register to register, memory 
reference, arithmetk or logical 
rotate, retu rn, push, pop, enable. 
or disable interrupt instructions 

Immediate motle or I/O instruc-
tlons 

OP CODE 
.lump, call or tlirect load and 
Wore mstrucuons 

LOW ADDRESSOR OPERAND 1 

NIGH ADDRESSOR OPERAND 2 
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f,~•PD8085A 
INSTRUCTION SET 
TABLE 

INSTRUCTION CODE2

DESCRIPTION D] DB D$ D• D3 DZ D1 DO 
Clod ~ 
CypNsO w 

FLAG$•
> 

S 
i ~ 
N e. U 

MOVE 

Move . Move reg~are~ to reg~Re, o e a e 
MOV M x Mave regisser so memory 0 1 1 0 
MOV e,M Mave memory to •episser 0 e 0 

MVI tl,DB Move immetliate to regisrer 0 0 tl tl tl 1 1 0 

M V I M,DB Move immeeiale rp memory 0 0 1 I 0 1 1 0 ID 

INCREMENT/DECREMENT 

INR tl Incremem regisnr 0 0 e e tl 0 0 a 
DCR a Dxremem register 0 0 0 tl 0 1 e 
INR M morY o 0 1 1 0 1 0 0 10 
OCR M Dec !amens memory o 0 1 I 0 1 0 1 10 

ALU -REGISTER TO ACCUMULATOR 

ADD s Atle register ro A 0 0 0 0 

4DC s Atle repsser ro A wok 
0 0 0 

SUB s Subsrxs register irom A 0 0 1 0 

SBB s Sub I register Irom A 

ANA s 
0 0 1 

AND repistesr wisn A 0 1 0 0 • . • 0 

%RA s Eaclusive OR ReBisle~ 
0 I 0 0 

OR regiser wisn A 0 0 

CMP s Compare regiser worn A 0 t t 

ALU - MEMORY TO ACCUMULATOR 

ADO M Aetl memory so A 0 0 0 0 1 1 0 ] 
ADC M A00 memory so A won 

O O O t t 0 

SUB M Subt act memory Irom A 0 0 l o l I 0 ] 
508 M $uD11xs memory Irom q 

rn borrow 0 0 1 t 0 > 
ANA M AND memory wHn A 0 0 0 

; 
t 0 ] 0 

%RA M Ekc ve OR memo y 
witnsA 0 1 0 1 1 I 0 ] • • 0 

OR n •~ OR ̂ Icm~rY :.:: Y. A 0 1 0 1 1 D • 0 

CMP M Compare memwV wisn A 0 1 1 1 1 1 0 ] 

ALU -IMMEDIATE TO ACCUMULATOR 

ADI O6 Aetl immMiale to A 1 0 0 0 1 1 0 ] 
ACI OB Atltl immetlrele to A wim 

0 0 1 0 
SUI DB 
sal De 

Subtrxtimmetliale lromA 1 0 o I 1 
abmxr immee~ne Irom a 

0 ] 

1 0 1 
rmetliare 

0 
NI DB ANp.m wenA 1 1 0 0 1 1 0 ] 

%RI DB Eacluswe OR rmmeeiase 
0 t 0 

ORI DS OR ~mmMiase wisn A 1 1 1 0 0 

CPI DB Compare immatlian wen A t I t 1 1 1 0 ] 

ALU -ROTATE 

RLC Rotate A sell, M58 to 
rY 18-0irl 0 0 0 0 I 1 n 

RRC Rosase A rigor, LSB 1p 
ry IB-0~tl 0 0 0 1 I 1 g 

RAL Rosase A sell sn roupn 
arty 19bn1 0 0 I 0 1 1 a 

RAR Rosate A rigor IDrougn 

u .v 19-Girl 0 0 1 1 1 a 

JDMP 

JMP ADDR Jump uxonenional 0 0 t0 

JN2 ADDR Jump on not pro 0 0 ]/10 
JZ ADDR Jvm 0 0 ]!10 

lNC ADDR Jump on no terry 0 t ]/10 
JC ADOR 0 1 /)0 
JPO ADDR n Y oee t 0 ]/10 
JPE ADDR 0 ]/t0 
JP ADDR Jump on pos tweW t 1 T/10 
JM ADDR Jump on minus 1 1 ]/t0 

CALL 

CA LL ADDR col pn<omironal IB 

CNZ ADDR Up an nor aero 0 D D 9118 

C2 ADDR Gno 0 0 1 9/18 

CNC ADDR U110 n .. 
y

0 0 9/IB 

CC ADDR GII on carry 0 9/t8 

CPO ADDR Can on wrev oee 0 0 9/18 

CPE ADDR UII on parity wan I 0 9/18 

CP ADDR Gp on posit we 0 9/18 
CM ADDR UII on minus 1 1 1 9/t8 

RETURN 

RET rn 0 1 1 10 
RN2 
RZ 

r n n ro 
Return on zerlo

z• a o 
0 1 

0 6/12 
0 6/12 

RCC Rel rn 
ono rr 0 

1 1 
0 6/12 
0 6/12 

RPO Rnu,n n eerily om 0 0 D 6/12 

RPE 
n

0 1 D 6/12 
Resurn pre poHnve 1 0 0 6/12 

RM Return on minus 1 t 0 fi/12 

MNEMONICI DESCRIPTION 

INSTRUCTION CODE2 
Llpek Z 

DI OB D6 De O$ DZ DI Dp CYeknO y 

F LAGSa

O 

Q Q 

LOAD REGISTER PAIR 

Lxl B.D I6 

Lxl D,D16 

LXI H,Dl6 

LXI $P,D I6 

W~immM~are regisse. BC 
Lose immetliare reBHser 

it DE 
Loatl immeeiala rein r 
pair HL 

Loaf immeeure Ssxk 
Pomrer 

0 0 0 0 

0 0 0 t 

0 0 1 0 

0 0 1 1 

0 0 

0 0 

a o 

0 0 

0 

0 

0 

0 

ID 

10 

to 

10 

PUSH 

PUSH B Pusn rMiarer pair BC 
t k 1 0 0 0 1 0 1 12 

PUSH D Pusns regisser pao DE 
sx4 t 0 1 0 1 0 1 12 

PUSH N PusM1srpislar pair ML. 
nxk 1 1 1 0 0 1 0 1 12 

PUSH PSW Pusn A antl Ilaps on ssxk 1 1 i 1 0 1 0 1 1Z 

POP 

POP B Pap register pair BL on 

vOP D Poo egisser pair DE oll 

POP H PopMegister Wu H1. 011 
sxk 

POP PSW Pop A ane Rapt oll ssxk 

1 1 0 0 0 

1 1 0 1 0 

1 1 0 0 
1 1 1 1 0 

0 0 

0 0 

0 0 
0 0 

s0 

10 

10 
10 

DOUBLE ADD 

DAOB Aee BC so HL 0 0 0 0' 1 0 0 t0 
DAD O Aee DE to HL 0' 0 0 1 0 0 10 
OgOH wee HL ro HL a 0 1 0 0 0 1 m 
DAD SP Aetl Ssxt Po~nrer to HL 0 0 1 1 1 0 0 1 10 

INCREMENT REGISTER PAIR 

INX B Incremens BC 0 0 0 0 0 0 
INX D Irnremenl DE 0 0 0 1 0 0 
lNX N Ircrement NL 0 0 0 0 0 
INX SP Iricremens Ssxk Poimer 0 0 t 1 0 0 

6 
6 
6 

DECREMENT REGISTER PAIR 

DCX B Decrem<ns BC 0 0 0 0 0 
DCX D Dxremens DE 0 0 0 0 
OC% H pecremenr HL 0 0 0 0 
DCX SP Dxrement Slxk Poinmr 0 0 1 1 1 0 

6 
8 
6 
6 

RE GISTER INDIR ECT 

$TAX B Ssore A al ADDR in BC 0 0 0 0 0 0 
$TAX D Store A al ADDR .n DE 0 0 0 0 0 
l DA% B Loatl A as ADDR in BC 0 0 0 0 0 
LDA%D Loatl Aat ADDR .n DE 0 0 0 1 0 

0 
0 
0 ] 
0 ] 

DIRECT 

STA ADDR Store A euxl 
LDA ADDR Loatl A enxs 
SHLD ADDR Ssore HL tluxl 
LHLD ADDR Loaf HL tluxl 

0 0 1 0 0 

0 0 1 0 

0 0 1 0 0 0 1 

0 0 1 0 1 0 1 

0 
0 
0 

t0 
10 

16 

16 

MOVE REGISTER RAIR 

%CHG Eacnarge DE ane HL 
r~~sr .r 

%THL Exbarge sop of ssxk 
ane HL 

SPHL HL ro Ssxk pointer 
PC HL HL so Program Counter 

1 0 1 0 

1 0 0 0 
I o 

1 0 1 0 

1 

1 
0 
0 

a 

IB 
6 
6 

INPUT/OUTPUT 

IN A 
OUT A Ourpus 
EI EnaWe mserrupss 
DI DisabN innrmpn 
RIM Rntl lnirrupl Mask 

RST A Rnsars 
p1 ask 

1 0 
1 0 

1 1 

0 1 
0 t 
1 A 

1 
1 0 

0 
0 0 

0 
A A 1 

1 

1 

0 
0 

10 
10 
• 

1 A 
0 0 

o a 
1 11 

MISCELLANEOUS 

CMP Cpmplemens A 
STC Ser carry 
CMC Complemens tarry 
DAA Decimal a0lust A 
NOP No operHmn 
NLT Halt 

0 1 0 

0 1 

o I 1 

0 t 0 
0 0 0 

1 1 1 

1 1 

0 1 
1 1 

0 1 

0 0 

0 1 

1 ~ 1 

e cr 
1 0 
a A 

0 5 

Notre 

f Opwarq SymboH uue IWe or -0008-OOIt-OIOD-011E-IOOH-
A • B~bn sabers or eawnpon 101 L s 110 Memory - 111 A. 

e rpissar 
-enrin.eon r.giner OTwo oo:•im. eyes. umn anm~namale 

Psw = were .o we •a e.P•ne.m w. eonmr~en 
SP - Ssxk Poi 

,I~uc 

DB = Bays mra puem.w, e%p.eRim. w 

DIB = 18-b1t ease Quin By oe~p~ns~on or ~ Rag nos alitcletl 
vs BOB2 of mnrucuon 0 - Ila9 roes 

ADDR - 16~Dit Memory aeben wprns~w t - INg ul 
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INSTRUCTION CYCLE One to five machine cycles (M1 — M51 are required to execute an instruction. Each 
TIMES machine cycle involves the transfer of an instruction or data byte into the processor or 

a transfer of a data byte out of the processor (the sole exception being the double add 
instruction). The first one, two or three machine cycles obtain the instruction from the 
memory or an interrupting I/O controller. The remaining cycles are used to execute the 
instruction. Each machine cycle requires from three to five clock times (T1 — T51. 

Machine cycles and clock states used for each type of instruction are shown below. 

INSTRUCTION 
TYPE 

MACHINE CYCLES EXECUTED 
MIN/MAX 

CLOCK STATUS 
MIN/MAX 

ALU R 1 4 
CMC 1 4 
CMA 1 4 
DAA 1 4 
DCR R 1 4 
DI 1 4 
EI 1 4 
INR R 1 4 
MOV R, R 1 4 
NOP 1 4 
ROTATE 1 4 
RIM 1 4 
SIM 1 4 
STC 1 4 
XCHG 1 4 

HLT 1 5 
DCX 1 6 
INX 1 6 
PCHL 1 6 
RET COND. 1/3 6/12 
SPH L 1 6 
ALU I 2 7 
ALUM 2 7 
JNC 2/3 7/10 
LDAX 2 7 
MVI 2 7 
MOV M, R 2 7 
MOV R, M 2 7 
STAX 2 7 

CALL COND. 2/5 9/18 
DAD 3 10 
DCR M 3 10 
IN 3 10 
INR M 3 10 
JMP 3 10 
LOAD PAIR 3 10 
MV I M 3 10 
OUT 3 10 
POP 3 10 
RET 3 10 
PUSH 3 12 
RST 3 12 
LDA 4 13 
STA 4 13 
LHLD 5 16 
SHLD 5 16 
XTHL 5 16 
CALL 5 18 
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ftPD8085A 

A minimum computer system consisting of a processor, ROM, RAM, and µPD8085A FAMILY M I N IMUM 
I/O can be built with only 3-40 pin packs. This system is shown below with SYSTEM CONFIGURATION 
its address, data, control busses and I/O ports. 

~cc 

~~ 

INTERRUPTS 

I 
PORT A 

I 

PORT C PORT B 
I 

'~ ~ ~ ~' l~ ~ f f f 
. . 

RST 7.5 RS7 6.5 RST 5.5 TRAP RESET IN SID SOD Si SO 

X~ 

PAO - PA7 PCO - - - -- PC 5 PBO  PB7 

I~_ 

µPD8085A PROCESSOR O µPD8156 RAM~I/O (256 X el 

IT xz ~ w oa¢a 

A00 -AD7 AB -- - - -- A75 < ¢ 3 ~ a V ¢ Z i Z ~ ADp A07 

W 
v < 

Ify 
I¢ I3 ~ ¢ 

~ ADO • 

AD1 

• 

• • • 

ADZ •- ~ • 

AD3 •-~ • • 

1 ADq • 

• 

t 

• AD5 • 

• • ADg • 

• • AD7 • 

AB • 

• 

• 

Ay • 

• q10 • 

• A~~ • -

AtZ • 

A73 • 

A~q ~ 

A15 • 

• • 

_ 

ALE • 

•~ RD • 
• • WR • 

~ • 10/FI ♦ 
• RDV • 

• CLK • 

• • • RESET 

HOLD 

H LDA r 

• INTR 

• INTA 

u~ C G w ~ C I~ 
¢ U ¢ O 

;¢ ALE ADO AD7 

FEATURES OF µPD8085A 
MINIMUM SYSTEM wP08355 ROM-I/O 

2K - BYTE ROM 
256 - BYTE RAM 

1 -INTERVAL TIMER PAO 

uP08755A 

PA7 

PROM-1/O 2K x 6 

PRO - - - - - - -PB7 

4- B~BIT I/O PORTS 
1 - 6~BIT I/O-STATUS 
4 -INTERRUPT LEVELS 

I 

I 

I I I 

I I I 

PORT A PORT B 

TIMER 
IN 

TIMER 
OUT 

DATA 

ADR 

CON 
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PACKAGE OUTLINE 
µPD8085AC 

µPD8085AD 

A 

Plastic 

~~~ ~r 
-~ 

D 

~~ 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.026 MAX 

B 1.62 0.064 

C 2.54 ~ 0.1 0.10 t 0.004 

D 0.5++-0.1 0.019±0.004 

E 46.26 1.9 

F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

1 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

+ 0.1 + 0.004 
M 0.25 

0.05 0.010 
0.002 

6 -y 

E 

~f 
D 

Ceramic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX. 2.03 MAX. 
B 1.62 MAX. 0.06 MAX. 
C 2.54 ± 0.1 0.1 ± 0.004 
D 0.5±0.1 0.02±0.004 
E 48.26±0.1 1.9±0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13 MIN. 
H 1.0 MIN. 0.04 MIN. 
I 3.5 MAX. 0.14 MAX. 
J 4.5 MAX. 0.18 MAX. 
K 15.24 TYP. 0.6 TYP. 
L 14.93 TYP. 0.59 TYP. 
M 0.25±0.05 0.01±0.0019 

J 

G M 

1~ 
0-10°

8085ADSR E V 2-10-80-CAT 
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NEC Microcomputers, Inc. 

16 BIT MICROPROCESSOR 

NBC 
µPD8086 
µPD8086-2'~ 

DESCRIPTION The µPD8086 is a 16-bit microprocessor that has both 8•bit and 16-bit attributes. It 
has a 16-bit wide physical path to memory for high performance. Its architecture 
allows higher throughput than the 5 MHz µPD8085A-2. 

FEATURES 

PIN CONFIGURATION 

"Preliminary 

• Can Directly Address 1 Megabyte of Memory 
• Fourteen 16-Bit Registers with Symmetrical Operations 
• Bit, Byte, Word, and Block Operations 
• 8 and 16-Bit Signed and Unsigned Arithmetic Operations in Binary or Decimal 

• Multiply and Divide Instructions 
• 24 Operand Addressing Modes 
• Assembly Language Compatible with the µPD8080/8085 
• Complete Family of Components for Design Flexibility 

GND 

AD14 

AD73 

AD72 
AD11 

AD10 
A D9 
ADS 
AD7 

AD6 

AD5 
AD4 
AD3 

AD2 
AD1 
ADO 

NMI 
INTR 

CLK 

GND 

1 

2 

3 
4 

5 

6 
7 
8 
9 
10 

11 

12 

13 

74 

15 

i6 

17 

18 

19 

20 

/1PD8086 

CPU 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

ACC 
AD15 

A16/S3 
A 7 7/S4 
A 18/S5 
A 19/S6 
BH ElS7 
MN/MX 
RD 

HOLD (RQ/GTO) 
HLDA (RO/GT1) 

WR (LOCK) 
M/10 (S2) 
DT/R (Si) 
DEN (SO) 
ALE IQS01 
INTA IQS1) 
TEST 

READY 

RESET 
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NO. SYMBOL NAME FUNCTION 

2-16, 39 ADO-AD75 

" 

Address/Data Bus Multiplexed address ITt 1 and data 1T2, T3, Tyy, Tq) bus. 
8bit peripherals tied to the lower 8 bits, use AO to condition 
chip select functions. These lines are tri-state during interrupt 
acknowledge and hold states. 

17 NMI Non-Maskable 
Interrupt 

This is an edge triggered input causing a type Z interrupt. A 
look-up table is used by the processor for vectoring 
information. 

18 INTR Interrupt Request A level triggered input sampled on the last clock cycle of 
each instruction. Vectoring is via an interrupt look-up table. 
INTR can mask in software by resetting the interrupt enable 
bit. 

19 CLK Clock The clock input is a 1/3 duty cycle input basic timing for the 
processor and bus controller. 

21 RESET Reset This active high signal must be high for 4 clock cycles. When 
it returns low, the processor restarts execution, 

22 READY Ready An acknowledgement from memory or I/O that data will be 
transferred. Synchronization is done by the µPD8284 clock 
generator. 

23 ET ST Test This input is examined by the "WAIT" instruction, and it 
low, execution continues. Otherwise the processor waits in an 
"Idle" state. Synchronized by the processor on the leading 
edge of CLK. 

24 INTA Interrupt 
Acknowledge 

This is a read strobe for reading vectoring information. 
During T2, T3, and Tyy of each interrupt acknowledge 
cycle it is low. 

25 ALE Address Latch Enable This is used in conjunttion with the µPD8282/82831atches 
to latch the address, during Tf of any bus cycle. 

26 ED N Data Enable This is the output enable for the µPD8282/8287 transceivers. 
IL is active low during each memory and I/O access and 
INTA cycles. 

27 DT/~ Data Transmit/Receive Used to control the direction of data flow through the 
transceivers 

26 M/10 Memory/10 Status This is used to separate menwry aceess from I/O access. 

29 WR Write Depending on the state of the M/10 line, the processor is 
either writing to I/O or memory. 

30 HLDA Hold Acknowledge A response to the HOLD input, causing the processor to 
tri-state the local bus. The bus return active one cycle after 
HOLD goes back low. 

32 HOLD Hold When another device requests the local huz, driving HOLD 
high, will cause the µPD8086 to issue a H LOA. 

32 RD Read Depending on the state of the M/10 line, the processor is 
reading from either memory or I/O. 

33 MN/MX Minimum/Maximum This input is to tell the processor which node it is to be used 
in. This effects some of the pin descriptions. 

34 BH /S7 Bus/High Enable This is used in conjunction with the most significant half of 
the data bus. Peripheral devices on this half of the bus use 
BHE to condition chip select functions. 

35-38 A76-Ai9 Most Significant 
Address Bits 

The four most significant address bits for memory opera 
bons. low during I/O operations. 

26, 27, 28 
34-38 

SOS7 Status Outputs These are the status outputs from the processor. They era 
used by the µPD8288 to generate bus control signals. 

24, 25 OSt, OSO Qua Status Used to track the internal µPD8086 instruction que. 

29 LOCK Lock This outDui is set by the "LOCK" instruction to prevent 
other system bus master from gaining control. 

30, 31 ~R /GTO 
RO/GTi 

Request/Grant 
~ 

Other local bus masters can force the processor to rebaae 
the local bus at the end of the currant bus cycle. 

PIN IDENTIF►CATION 

4~2 



µP~soss 

BLGCK DIAGRAM EXECUTION NU IT 

IIEOISTEII  FIIE 

DATA. 
POIMTEK, .AND 

INDEX RE:QS 
p W011DS) 

1{~~IT ALU 

FLAOS 

cLx 

SUS INTEIIFACE UNIT 

IIELOCATIOIi 
REOISTEII iILE 

SEQYENT 
IIEOISTEIIS 

AND 
INSTRUCTION 

~OINTEK 
is wo*osl 

SUS 
INTEIIFACE 

UNIT 

HrTE 
INSTIIUCTIpN 

QUEUE 

(:ONTIIOL ~ TIYIMO 

i i i 
IIESET ~EADr YwYx OND 

Vcc 

~NE/s, 
A~~IS~ 

A~~fiy 

AD~s-ADp 

INTA,IID,W~I 

OT/tM,6EF,AlE 
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Operating Temperature   0°C to 70°C 
Storage Temperature   -65°C to +150°C 
Voltage on Any Pin with Respect to Ground   -1.0 to +7V 

2  5W Power Dissipation 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

~Ta = 25°C 

Ta = 0°C to 70°C; VCC = 5V ± 10% 

PARAMETER SYMBOL UNITS 
TEST 

CONDITIONS MIN MAX 

Input Low Voltage VIL -0.5 +0.6 V 

Input High Voltage VIH 2.0 VCC+0.5 V 

Output Low Voltage VOL 0.45 V IOL = 2.0 mA 

Output High Voltage VOH 2.4 V IOH =-400 µA 

Power Supply Current 
µPD6086/ 

µPD8086.2 

ICC 
340 

350 
mA 

mA 
Ta = 25°C 

Input Leakage Current ILI ±10 µA OV < VIN < VCC 

Output Leakage Current ILp ±10 µA 0.45V ~ VOUT ~ VCC 

Clock Input Low Voltage VCL -0.5 +0.6 V 

Clock Input High Voltage VCH • 3.9 VCC + 1.0 V 

Capacitance of Input Buffer 
(All input except 

ADO- AD15~ RO/GT) 

CIN 15 pF fc = i MHz 

Capacitance of I/O Buffer 
(ADO-AD15, RO/GT) CIO 15 pF fc = 1 MHz 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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AC CHARACTERISTICS 

MINIMUM COMPLEXITY 
SYSTEM 

TIMING RESPONSES 

µPD8086: TB = 0° C to 70°.C; V CC = 5 V * 10% 

TIMING REGUIREMENTS 

PARAMETER SYMBOL 

µPO8086 yP08086-] IPrNiminWl 

UNITS 

TEST 
CONDITIONS MIN MAX MIN MAX 

CLK Cycle Periotl-µPD6086 TCLCL 200 500 125 500 ns 

CLK Low Time TCLCH 12/] TCLCLI-15 12/3 TCLCLI-15 ns 

CLK Nigh Tme TLHCL (1f3 TCLCLI+2 1113 TCLCLI+2 ns 
CLK Rise Time TCHI CH2 10 10 m Frsxn I.OV to 3.SV 

CLK Fall Time TCL2CL1 10 10 ns From 3.SV to 1.OV 

Data In Setup Time TDVCL 30 20 ns 

Data In Holtl Time TCLDX 10 10 ns 

RDV $etuo Time iota pPO8284 TRIVCL $ ]5 ns 

RDV Holtl Time into µPD8284 TCLRIX 0 0 na 

READY Setup Time into µP081)06 TRYHCH 12/3 TCLCLI-15 12/3 TCLCLI-15 m 

READY HoItl Timelnto µPD80B6 TCHRY% 30 20 ns 

READY Inaztiw to CLK TRVLCL ~ -S ns 

HOLD Setup Time TNVCM 35 20 ro

INTR,NMI, TEST Setup Time TINVCH 30 15 ns 

TIMING RESPONSES 

PARAMETER SYMBOL 

µ►DBO86 µPD8086-21Prslimmary) 

UNITS 

TEST 
CONDITIONS MIN MAX MIN MAX 

Atltlress Valitl Delay TCLAV 10 110 10 60 

CL ~ 20.100 pF for 
ell µPD8088 Outputl 
Iln addition to 
pPD8088 Mlfaoatl) 

Address Holtl Time TCLA% 10 10 

AtltlrosE Float Delay TCLA2 TCLAX 80 TCLAX 50 ns 

ALE WitlN TLHLL TCLCH-20 TCLCH-10 na 

ALE Aniw Delay TCLLH 80 50 ns 

ALE Inactiw Delay TCLCL 85 55 ns 

Adtlreas Holtl Time to ALE Inactive TLLAX TCLCL-10 TCLCL-10 m 

Data Valitl Delay TCLOV 10 110 10 fi0 ns 

Data Holtl Time TCHDX 10 /0 m 

Data Hdtl Time After WR TWHDX TCLCH-30 TCLCH-30 ns 

Control Actiw Delay 1 TCVCTV 10 110 10 70 ro

Contrd Actiw Delay 2 TCHCTV 10 110 10 BD m 

Control Actiw Dslsy TCV CTX 10 110 10 70 m 

Address Float tp READ Actiw. TAZRL 0 0 na 

RD Actiw Delay TCLRL 10 165 10 100 M 

RD Inactiw Delay TCLRN f0 150 10 80 ns 

RD Inactive to Next Atltlress Actiw .TRHAV TCLCL•d5 TCLCL-40 nt 

H LDA VNItl Delay TCLHAV 10 180 10 100 m 

RD Witlih TRLRH 2TCLCL-75 2TCLCL-50 m 

WR Wltlth TWLWH 2TCLCL-60 2TCLCL~O ns 

Addross Vslltl to ALE Low TAV AL TCLCH-60 TCLCH-40 ns 

NOTEB: Q1  $IgnN H YPD8284 shown for rofenn a only_ 

0 Setup rpuinment for W ndronous NgnN only to puarenna rocognitlon at next CLK. 

03 Aoplbs only to T2 stet . IB m into T3) 
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fsPD8086 

CLK 18284 Output) 

M/10 

BHE/51, Alg/Sg~A 16/8

ALE 

RDV 182841nPutl 

~~ 

READY (8086 Inputl 

AD/5-ADO 

RD 

R EAO CYCLE 

(WR, INTA • VOHI 

DEN 

VCL 

TIMING WAVEFORMS 

Minimum Complexity 
Systems 05 

TCHCTV 

TCLLH 

T7 

TCLCL 

T LHLL-~ 

TAVAL 

TCHLL—+~ 

-~ TAVAL 

TLLAX 

TCLAV+ t — —~ 

AI6-ADO 

TCHiCH2~ 

t TLLAX 

VIL 

TAZRL-~' 

f TCHCTV - TCLRL 

TCVCTV 

F- TRYHCH y 

t TCLAZ 

~-TCLAX 

FLOAT 

Ty TW 
~— TCL2CL1 

TRIVCL 

TCLR7X 

Tq 

f TC LC H--~ 

TCHO% + 

t TCHR V% 

~--TDVCL --- TCLDX 

DATA IN 

TCLRH + 

TR LRH 

TCVCT% y 

FLOAT 

RMAV~ 
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µPD8086 
TIMING WAVEFORMS 

Minimum Complexity 
Systems (Con't.) 5 T, Tz T, TW T, 

vcH ~TCLCL—~rcH,cH~~ ~ y. ErcLzcLl 

CLKIBI89 JUTPUTI I 

V JC~ TCHCTV +- - TCHCL 

M/a 

BHE;57. A19/56'A 16/53 

ALE 

WRITE CYCLE 

IRD, INTA, 
OT/R • VOHI 

INTA CYCLE 

Q 
IRD, WR = VOH 
BNE = Vp LI 

AD15'ADD 

DEN 

WR 

AD15 ADB 

DT/R 

INTA 

SOFTW AR[HALT 

DEN,RD WR,INTA = VOH 

TCLAV+ 

i TCLCH ~ 

TC LAXa 

TCLLH+ ~ TLHLL 

y`}\ 
TAI AL j 

TLHLL yl rf-

TCLAV +~ 

-~ TCLDV 
TCHDX + 

. t  TLLA% 

`TCLDV rcFlDx.. 

DATA OUT 

~TWHD%~ 
+ ~ TCVCTX 

TCVCTV 

~TCLAZ 

 7 
E—TCHCTV 

ff 

TWLWH 

FLOAT 

TCVCT% 

— TDVCL+

POINTER 

f TCLD% 

TCVCTV +i 

TCVCTV r 

DEN 

TCLAV ~ 

Tcvcrx +~ 

INVALID ADDRESS SOFTWARE HALT 

NOTES: 01  All signals switch between VpFf and Vp~ unless otherwise specified. 

Q2 RDY is sampled near the end of T2, T3, Tyy to determine if Tyy 
machines states are to be inserted. 

03 Two INTA cycles run back-to-back. TheµPD8086 local ADDR/Data Bus is 
floating during both INTA cycles. Control signals shown for second INTA 
cycle. 

® Signals at µPD8284 are shown for reference only. 

05 All timing measurements are made at 1.5V unless otherwise noted. 

FLOAT 

TCHCTV 
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ftPD8086 
TIMING W ITN vPee788 8US CONTROLLER 

TIMING REGUIREMENTS 

PARAMETER SYMBOL 

P PD6086 PPD6086~21PrehminarYl 

UNITS 

TEST 
CONDITIONS MIN MAX MIN MAX 

CLK Cycle Period-uPD8086 TCLCL 200 500 125 500 ns 

CLK Low Time TC LCH 12/3 TCLCLI -15 1213 TCLCLI -15 ns 

CLK Hign Time TCHCL 11.:3 TCLCLI •2 1113 TCLCLI e2 ns 

CLK Rise Time TCHICH2 10 10 ns From 1.OV to 3.5V 

CLN Fall Time TCL2CL1 10 10 ns From 3.SV to 1 OV 

Dala in Setup Time TDVCL 30 ~ 20 ns 

Dasa in HOId Time TCLDx 10 ~ 10 ns 

RDV Setup Time mto yPO6260 

~~ 

TRIVCL ~ 35 35 ns 

RDV HoItl Time into uPD6264 

Q 

TCLR1% 0 0 ns 

READY Setup Time mto yPp8086 TRVHCH 1213 TCLCLI-15 12/3 TCLCLI-i5 ns 

READY Hold Time i4to uPD6086 TCHRVX 30 20 ns 

READY inactive to CLK TRV LCL -6 A ns 

Setup Time for Recognition 

RNTR. NMI, TESTI Q 

TINVCH 30 15 ns 

RO/GT SetuV Time TGVCH 30 15 ns 

RD Hold Time iota uPD8086 TCHGX 40 30 ns 

TIMINO RESPONSES 

PARAMETER SYMBOL 

uPD8086 uPD8086-7 lPnlim nary) 

UNITS 

TEST 

CONDITIONS MIN MAX MIN MA% 

Command Active Daley 
ISee Note 11 

TC LML 10 35 10 35 ns 

CL - 70.100 PF for 

all µPD6066 Outputs 
Iln addition to 
ypl)8086 selidwdl 

Commend Inactive DalaY 
ISee Nota 11 

TCLMH 10 35 10 35 ns 

READY Active to Status Passive 
ISee Note 31 

TRVHSH 110 65 ns 

Stetw Activsr Delay TCHSV t0 110 10 60 ns 

Sutus Inactive Daley TC LSH 10 130 10 70 ns 

Atldress Valid Delay TCLAV 10 110 10 60 ns 

Atldress HolO Time TCLAX 10 10 ns 

Atldress float Delay TC LAZ TCLAX 60 TCLAX 50 ns 

Status Valid to ALE High 
ISee Note 11 

TBV LN 15 15 ns 

Status Valid to MCE High 
ISee Noce 11 

TSVMCN 15 15 ns 

CLK Low to ALE Valid 
ISee Note 11 

TCLLH 15 15 ns 

CLK Low to MCE Hlgh 
ISee Note 11 , 

TCLMCH 15 15 ns 

ALE Inactive Delay ISee Note 11 TCHCL 15 15 ns 

MCE Inactive Delay ISee Note 11 TCLMCL 15 15 ns 

Data Valitl Delay TCLDV ~ 10 110 10 60 ns 

Data Hold Time TCHDX 10 70 ns 

Control Active Delay (Sae Note 11 TCVNV 5 45 5 45 ns 

Control Inactive Delay 
ISee Note 11 

-TCVNX 10 45 10 45 ns 

Address Float to Read Active TA2RL ~ 0 0 ns 

RD Active Delev TCLRL 10 165 10 100 ns 

RD Inactive Paley TCLRH 10 150 10 80 ns 

RD Inactive to Next Atldress Active TRHAV TCLCL-05 TCLCL-00 ns 

Direction COnIfOI Ac[ve Delay 
ISee Note tl 

TCMDTL 50 

. 

50 ~s 

Direction Control Inactive OeIBy 
ISee Note 11 

TCHDTH 30 30 ns 

GT Atttive Daley TC LGL 0 85 0 50 ns 

GT Inactive DalsY TCLGN 0 . 85 0 50 ns 

DR  Width TRLRH 2TCLCLSO ]TCLCL-50 ns 

NOTES: Q Signal at µP88264 or yPB8788 shown for reference only. 
Setup reguirement for asynchronous signal only to guarantee reco8nition at neat CLK. 
Applies only to T3 antl wait states. -
Applias only to T2 state (B ns into T31. , 0 

MAXIMUM MODE SYSTEM 
With µPB8288 
Bus Controller 
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µ PD8086 

TIMING WAVEFORMS 

Maximum Mode 
System Usin 

µP68288 Controller ~7 

VCH 

CLK 

VCL 

OSppSI 

SZ,~,~p IE %CEPT HALTI 

BNE/ST, A19/S6'A 16/S3 

T1 TZ

CH1CH2 
.f--TCLCL 

T CLAV~ 

T CHSV 

T3 

► TCLZC LI T
W 

Tp 

~~-
fTCLCH-~ 

f TC LSH 

TCLAV+

TSV LH+ 

Q TCLLH a 

ALE (8288 OVTPUTI 

RDV 18Z8<IN PUTT Q 

R EAO CYCLE 01 

8]88 OUTPUTS 

TCLAV+ 

A 15-ADp 

AD 

DT/R 

MRDC OR IORC 

DEN 

TCLA% 

BH E, A19'A 16 

TCH LL 

!7!!!!.//~®

TCLAV TCH DX~ 

ST Sy 

TR1VCLy

TRVLCL-~ 

f -  TCLAZ - y 

AD15'ADD 

TAZRL~

TCH DTL ~~" 

TCLRIX 

TRVHSH+

r TCLAX 

TRYHCH -+ 

FLOAT 

~-TCHR V X 

TDVCL-~~TCLD%~ 

DATA IN 

TCLRH r 

TCLRL 
TR LRM 

f LOAT 

TRHAV~ 

TCLML+ 
TCLMH + 

TCVNV-~ 

TCVN%r+ 

TCHDTH 

419 



ftPD8086 

TIMING WAVEFORMS 
Maximum Mode 
System Using 
µP68288 Controller 
(Con't.) QQ 

WRITE CYCLE 01 

8288 OUTPUTS Q 

INTA CVC LE Q 

VCH 
CLK 

VCL~ 

52,57,Sp IE%DEPT HALTI 

A D15'ADO 

DEN 

A MWC OR AIOWC 

OR IOWC 

AD15'A Dp 
IS EE NOTES 3 & dl 

AD 75 ADp 

8288 OUTPUTS 

MCE/ 
PDEN 

OT/R 

INTA 

DEN 

SOFTWARE HALT -
IDEN ~ VOL; RD. MRDC, tORC, MWTC, AMWC, IOWC, 

AA OI WC, INTA, - VON) 

T 

TCHSV 

T2 TS 

TW 

T~ 

~~Z 
TCLSH 

TCLAV +~ 

AD75 ADp 

///O///
~, ,t . TCLDV 

y_ tTSA% 
TCHD%y 

AD 15'ADp DATA 

~-- TCVNV TCVN%~ 

 > C 

~-TCLML TCLMH a 

FLOAT 

TSVMCH 

TCLMCH 

R ESERVED FOR 
CASCADE AOOR 

TC LA2 

{~- TCLML ~-TCLMH 

LOAT 

TCLMCL + 

FLOAT 

.a~ TDVCL -+ 

POINTER 

FLOAT 

ETC LDX 

FLOAT 

~- TCHDTL 

TCLML ~ 

NOTE$ 

r TCVNV 

TCVNX -+' 

INVALID ADDRESS 

, 

O1  All sipruls switch Mtwwn VON sM VpL unleu otMrwis♦ peifiW. 

Q RDV n sempkN new tM an0 of T2, T~, TW to rMterrnine if TW 
meehinn nIW w to M insnfeo. 

07 Cesde edAreu is wliE Mtwwn firt erN eemnd INTA gcle. 

Q Two INTA cycle run Sack-tobck. TM Bm6lorJl ADDR/Den Bu u 
ildtinp Eurinp Mth INTA cyeln. Control la pointn sOCrp 
is shrrwm for feeonC INTA ryd.. 

QS  SigMls et 828 or 8288 an shown ea nfennn pnh~ 

® TM isRre~f tM 8288 cprtenerW area _wnwl •iQule IMRDC, 
MWTC, AMWC, IORC, IOWC, AIOWC, INTA ertl DEN) Ips tM ectiw him 
8288 CEN. 

Q7 All timirp meefurements an merle n 1.SV unkan otMprir noted. 

08 Straus ~nstrve in nets lurt wirer to T~. 

 C 

 C 
~~~ 

TCHDTH 

TCLMH 
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µPD8086 

ASYNCHRONOUS SIGNAL 
RECOGNITION 

BUS LOCK SIGNAL TIMING 

NMI 

CLK ` 

S 
INTR ) SIGNAL 

TEST 

—r "f - TINVCH O1

NOTE: U  Setup requirements for asynchronous signals only to guarantee recognition 

at next CLK. 

CLK = 

1 
LOCK 

ANY CLK 
CYCLE 

~" 
~r—TC~AV 

~—ANY CLK 
CYCLE 

y- ~—TCLAV 

i 

REQUEST/GRANT SEQUENCE ":~;:` 

TIMING* 

EVIWs 011"N~ 
Dts'"DO I N

~1DEGN 
lDE-~ 

NLEE t 
COMOC~EEO 

9 

X DOMODEfsON aW
 1 1  ~--~Y M O

NOTE: 01  The coprocessor may not drive the buses outside the region shown without 
risking contention. 

"for Maximum Mode only 
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µPososs 

HOLD/HOLD ACKNOWLEDGE 
TIMING* 

CLK \ 

HOLD 

►> 1 CLK CYCLEi' 

y ~--THVCH -+ 1 t, ,~ 

MLDA 

AD15"ADp, t
A19/Sg-At6/Sp. 
~, / 
BHE/ST, M/10, 
DT/R, WR, DEN 

•tor Minimum Mode only 

~1  OR 2 CYCLES 

f- THVCH 

~TCLHAV 

!/ TCLAZ II 

BppB V COVROCESSOR 

~\  I) 

A 

B--+-

lJll 
I 

E 

J 

G 

Cerdip 

8085 

~ J 

'I 
0-10°

ITEM MILLIMETERS INCHES 

A 51.5 MAX. 2.03 MAX. 
B 1.62 MAX. 0.06 MAX. 
C 2.54 ± 0.1 0.1 ± 0.004 
D 0.5 ± 0.1 C.02 ± 0.004 
E 48.26 ± 0.1 1.9 ± 0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13 MIN. 
H 1.0 MIN. 0.04 MIN. 
I 3.5 MAX. 0.14 MAX. 
J 4.5 MAX. 0.18 MAX. 
K 15.24 TYP. 0.6 TYP. 
L 14.93 TYP. 0.59 TYP. 
M 0.25 ± 0.05 0.01 ± 0.0019 

PACKAGE OUTLINE 
µPD8086 D 

8086DS10-80-CAT 
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NEC Microcomputers, Inc. 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

SINGLE/DOUBLE DENSITY 
FLOPPY DISK CONTROLLER 

N~'C 
fisPD765 

The µPD765 is an LSI Floppy Disk Controller (FDC) Chip, which contains the circuitry and control 
functions for interfacing a processor to 4 Floppy Oisk Drives. It is capable of supporting either 
IBM 3740 single density format (F M), or IBM System 34 Double Density format (MFM) including 
double sided recording. The µPD765 provides control signals which simplify the design of an 
external phase locked loop, and write precompensation circuitry. The FDC simplifies and handles 
most of the burdens associated with implementing a Floppy Disk Interface. 

Hand-shaking signals are provided in the µPD765 which make DMA operation easy to incorporate 
with the aid of an external DMA Controller chip, such as the µPD8257. The FDC will operate in 
either DMA or Non-DMA mode. In the Non-DMA mode, the FDC generates interrupts to the 
processor every time a data byte is available. In the DMA mode, the processor need only load the 
command into the FDC and all data transfers occur under control of the µPD765 and DMA 
controller. 

There are 15 separate commands which the µPD765 will execute. Each of these commands require 
multiple 8-bit bytes to fully specify the operation which the processor wishes the FDC to perform. 
The following commands are available: 

Read Data Scan High or Equal Write Deleted Data 
Read ID Scan Low or Equal Seek 
Read Deleted Data Specify Recalibrate (Restore to Track 0) 
Read a Track Write Data Sense Int^rrupt Status 
Scan Equal Format a Track Sense Drive Status 

Address mark detection circuitry is internal to the F DC which simplifies the phase locked loop anD 
read electronics. The track stepping rate, head load time, and head unload time may be programmed 
by the user. The µPD765 offers many additional features such as multiple rector transfers in both 
read and write with a single command, and full IBM compatibility in both single and double 
density modes. 

• IBM Compatible in Both Single and Double Density Recording Formats 
• Programmable Data Record Lengths: 128, 256, 512, or 1024 Bytes/Sector 

Multi-Sector and Multi-Track Transfer Capability 
• Drive Up to 4 Floppy Disks 
• Data Scan Capability — Will Scan a Single Sector or an Entire Cylinder's Worth of Data Fields, 

Comparing on a Byte by Byte Basis, Data in the Processor's Memory with Data Read from the 
Diskette 

• Data Transfers in DMA or Non-DMA Mode 
• Parallel Seek Operations on Up to Four Drives 
• Compatible with Most Microprocessors Including 8080A, 8085A, µPD7801Z80TM) 
• Single Phase 8 MHz Clock 
• Single +5 Volt Power Supply 
• Available in 40 Pin Plastic Dual-in-Line Package 

RESET 

RD 

WR 

CS 

AO 
DBQ 

D8~ 

D82 

D63 
DBq 

D85 

DB6 

Dal 

DRO. 
DACK 

TC 
IDx 

INT 
CLK 

GND 

6 

7 
8 

9 
70 

11 

12 

13 

74 

37 

36 

35 

34 

33 
32 

31 

30 

29 

28 

27 

26 

25 

24 

vCC 
RW/SEEK 
LCT/DIR 
F RISTP 
HDL 
RDV 

WP/TS 
FLT/TRL 
PSp 

PSG 

WDA 

USD 
USt 
HD 
MFM 

WE 

vC0 

RD 

RDW 

WCK 

TM:280 is a registered trademark of 2ilog, Inc. Rev/2 423 



fc PD765 
BLOCK DIAGRAM 

DBO-~ 

TERMINAL 

DATA BUS 
BUFFER 

COUNT 

DRO  

DACK --~0 

INT  

RD 

WR 

AO 

RESET 

CS 

CLK 

VCC 

GND 

y0 

~O 

READ/ 
WRITE/ 
DMA 

CONTROL 

LOGIC 

Y "Y a REGISTERS 

~ WR CLOCK 
~~ wR OATH 

-~i WR ENABLE 

PRE 
SERIAL 

INTERFACE 

y SHIFT 0 

~~ PRE SHIFT 1 

CONTROLLER 
►- RO DATA 

F READ DATA WINDOW 

-'~ VCO SYNC 

°RIVE 
NTERFACE 

CONTROLLER 

IPPUT
ORT 

a OUTPUT PORT 

f -READY 

~ WRITE PROTECT/TWO SIOE 

E- INDE% 
F FAULT/TRACK 0 

-i UNIT SELECT 0 

-~ UNIT SELECT 1 
-~ MFM MODE 

-~RwSEEK 
-~ HEAD LOAD 
~~ HEAD BE LECT 

~~ LOW CURRENT/DIRECTION 
~i FAULT RESETISTEP 

Operating Temperature   -10°C to+70°C ABSOLUTE MAXIMUM 
Storage Temperature   -40°C to+125°C RATINGS*
All Output Voltages   -0.5 to +7 Volts 
All Input Voltages  ~ -0.5 to +7 Volts 
Supply Voltage VCC   -0.5 to +7 Volts 
Power Dissipation   1 Watt 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

Ta = -10°C to +70°C; VCC = +5V x 5% unless otherwise specified. 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVPI~ MAX 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH 2.0 VCC+0.5 V 

Output Low Voltage VOL 0.45 V IOL = 2.0 mA 

Output High Voltage VOH 2.4 VCC V IOH = -200 µA 

Input Low Voltage 
(CLK + yyR Clock) 

VlLjml -0.5 0.65 V 

Input High Voltage 
(CLK + WR Clock) 

VIHI~) 2.4 VCC+0.5 V 

V CC Supply Current ICC 150 mA 

Input Load Current 

(All Input Pins) 
ILI 

10 µA VIN = VCC 
-10 µA VIN=OV 

High Level Output 
Leakage Current 

ILOH 10 µA VOUT=VCC 

Low Level Output 
Leakage Current 

ILOL -10 µA VOUT=+0.45V 

Note: 01  Typical values or Ta = 25°C and nominal supp y voltage. 

DC CHARACTERISTICS 
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µ P D765 
PIN IDENTIFICATION 

CAPACITANCE 

PIN INPUT/ 
OUTPUT 

CONNECTION 
TO 

FUNCTION 
NO. SYMBOL NAME 

1 RST Reset Inpu[ Processor Plecei FDC in idle ste[s. Rnen output 
Ilnas to FDD to "0" howl. Don not 
effect SRT, HUT or HLT in Specify 
command. If ROV DIn is held high durinq 
Rnat, FDC will peneren interrupt 
1-25 ms lanr. To Clear thU interrupt uw 
Sanw Inbrrupt Straus commend. 

2 RD Read InputO Procnsor Control signal for [rensfer of date from 
FDC ro Dos Bur, when "0" Ilow). 

3 WR Write InputO Processor Control signal for transfer of tleta to FDC 
vie Deh Bus, when "0" (local. 

4 CS DhID Select Input Pro<enor IC rsl~e ,tad when "0" (local, Nlowinp RD 
end ~to be enabled. 

5 AO Deta/Status Reg Select 
InputO 

Processor 

_ 

Salsas Dets Req IAp~1) or Ste[us Rp (Ap-01 
contenn of the FDC to lro soot ro Date Bus. 

6-13 OBO-O87 De[s Bw Input ~1
Output 

ProMnor BI-Dlnctlonal 8-Bit Date Bue. 

14 DRO Data DMA Repuest Output OMA DMA Raaunt b being made by FDC when 
DROP"1 

15 DACK DMA Acknowledge Input DMA DMA eycls b salve when "0" howl end 
Controller is performing DMA transfer. 

i6 TC Terminal Count Input DMA IndlGbs the nrminetio-1 of a DMAtram-
ferwhen "1" Ihign 1. It nrmimtn date 
tremfer during ReW/WIn/Scan commend 
in DMA or Interrupt m:Wa. 

17 IDX Infix Input FDD Indl<ebs the beginning of a dbk track. 

78 INT Interrupt Output Pro<suor Inbrrupt Rpunt Generated by FDC. 

19 CLK Clock Input Single Phaw 8 MHz Spwarewaw Clack. 

20 GND Grountl D.C. Power Return. 

21 WCK Write Clock Input Write tlate rate to FDD. FM ~ 600 kMz, 
MFM - 1 MHz, wim a pules wltlM of 
250 na for both FM end MFM. 

22 RDW Reed Data Window Input Pone Lock Loop Generated by PLL, and used to sample 
tlate from FDD, 

23 RDD Read Data Input FDD Resd tlata from FDD, wntelninp clock 
end tlete bib. 

24 VCO VCO Sync Output Phew Lock Loop InhI6In VCO in PLL when "0" (local, 
anabin VCO when "1". 

26 WE Wrlta Enable Output FDD EnaDbs writs doe Into FDD. 

26 MFM MFM Mode DULDut Phan Lock Loop MFM mad wnen "1", FM mode when "0". 

27 HD Haed Select Output FDD Heed 1 selected when "1" Ihlgnl, 
Head 0 wlnnd when "0" (local. 

28,29 US1,USp Unit Select Output FDD FDD Unh Srlecnd. 

30 WDA Wrib Deta Output FDD Serial clock entl data bib to FDD. 

31,32 PSt,P50 Precompenw[ion 
(pro-Mlft) 

Output FDD Wrin Orecompansnlan rtetus durinq MFM 
mode. Denrmines early, Im, end normal tlmn. 

33 FLT/TRO FeulUTreck 0 Input FDD Sense FDD hurt condition, In Ried/ 
Wrib mods; and Track 0 condition In Seek mode. 

34 WP/TS Writs PranU 
TwoSld 

Input FDD Sanwa Wrin Protect rtnus In RaW/Wrin 
mode; end Two Sid Madla In Swk mods. 

36 RDV Reedy Input FDD Indlubs FDD b roedy towed or receive doe. 

38 HDL Haed lob Output FDO Commend which <wws road/wrin heed 
in FDD to contact dlskatn. 

37 FR/STP Flt Rnet/Step Output FDD Rewb fault F. F. In FDD In Rsed/Wrin 
mod, conulns sop pulse to mpN heW 
to enotMr <Yllndr In SMk mod, 

38 LCT/DIR Low Currant/ 
Dlroctlon 

Output FDD Lovnro Wrin current on Inner tracks In 
Rsad/Wrin mod, dtermlrwe dlroctlon 
heed will step In SNk mod. A fiult nest 
pules b Iwusd K Na beglnnlnp of each 
Reed ar Wrin commend Drlor to Ms 
oceurnnp of the Need LoW slgnel, 

39 71~SEEK Reed Wrin/SEEK Output FDD NTen "1" Ulgnl Ssek mod wlected end 
when "0" howl Resd/Wrin mod wncnd. 

40 VCC ~6V D.C. Porer. 

Non: (1) Disabled wNn CS ~ 1. 

Ta = 25°C; fc = 7 MHz; VCC = OV 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Clock Input Capacitance CIN1~) 20 pF All Pins Except 
Pin Under Test 
Tied to AC 
Ground 

Input Capacitance CIN 10 pF 

Output Capacitance COUT 20 pF 
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µ PD765 
Ta ~ -10°C to +70°C; VCC = +5V ~ 5%unless otherwise specified. 

PARAMETER SVM8O1. 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP 01 MAX 

Clock Period ~Cy 120 125 500 ns 

Clock Aetive (High) 4'p 40 ns 

Clock Rise Time ~r 20 ns 

Clock Fall Time mf 20 ns 

Ap, CS, DACK Set UD Time to RD 1 TqR 0 ns 

Ap, C8, DACK Hold Time from RD i TRq 0 ns 

RD Width TRR 250 ns 

Data Aecess Time from RD 1 TRp 200 ns CL = 100 pf 

D8 to Float Delay Time tram RO 1 TpF 20 100 ns CL = 100 pF 

Ap, CS, DACK Set UD Time to WR 1 Tqy,/ 0 ns 

Ap, CS, DACK Hold Time to WR 1 Tyyq 0 ns 

WR Width Tyyyy 250 ns 

Data Set Up Time to WR t Tpyy 150 ns 

Data Hold Time from WR t Tyyp 5 ns 

INT Delay Time from RD 1 TRI 500 ns 

INT Delay Time from WR 1 Tyyl 500 ns 

DRO Cycle Time TMCy 13 µs 

DRO Delay Time from DACK 1 TAM 200 ns 

TC Width TTC 1 .mCY 

Reset Width TRST 14 mCY 

WCK Cycle Time TCy 
2 or 4© 
1 or 2 

µs 
MFM = 0 

MFM = 1 

WCK Active Time (High) Tp 80 250 350 ns 

WCK Rise Time Tr 20 ns 

WCK fall Time Tf 20 ns 

PreShift Delay Time from WCK f TCp 20 100 ns 

WDA Delay Time from WCK 1 TCp 20 100 ns 

RDD Active Time (High) TRDD 40 ns 

Window Cycle Time TyyCy 
2.0 
1.0 

µs 
MFM = 0 
MFM = 1 

Window Hold Time to/from RDD TRDW 

TWRD 
15 ns 

USp 1 Hold Time to RW/SEEK 1 TUg 12 µs 

8 MHz Clock 
Period 

SEEK/RW Hold Time to LOW CURRENT/ 
DIRECTION 1 

Tgp 7 µs 

LOW CURRENT/DIRECTION Hold Time to 
FAULT RESET/STEP t 

TDST 1 A µs 

USp 1 Hold Time from FAULT 
RESET/STEP 1 

TSTU 5.0 µs 

STEP Active Time (High) TgTp 5.0 µs 

STEP CVcle Time TSC 33 Q3 © µs 

FAULT RESET Active Time (High) TFR 8.0 10 µs 

Write Data Width Tyypp Tp-50 ns 

USp,1 Hold Time After SEEK TSU 15 µs 
8 MHz CIOCK 
Period 

Seek Hold Time from DIR Tpg 30 µs 

DIR Hold Time after STEP TSTD 24 µs 

Index Pulse Width TIDX 625 µs 

RD 1 Delay from DRO TMR 800 ns 
8 MHz Clock 
period WR 1 Delay from DRO Thryy 250 ns

WE or RD ReeDonse Time from DRO t TMRyy 12 µs 

Notes: 0  Typical values for Ta = 25°C and nominal supply voltage. 
02 The former value of 2 and i are applied to Standard Floppy, and the latter value of 4 and 2 are 

applied to Mini-floppy. 
Q3 Under Software Control. The range is from 1 ms to 16 ms at 8 MHz Clock Period, and 2 to 32 ms 

at 4 MHz Clock Period. 

AC CHARACTERISTICS 

426 



~c PD765 

TIMING WAVEFORMS PROCESSOR READ OPERATION 

Ap, CS. DACK 

TAR-~ Ir— ~ ~t TRA 
  I 

RD  TRR—~ I 
I III- T  ~'I ~TOF 

DATA 

INT 
If~TRI—~ 

PROCESSOR WRITE OPERATION 

Ap, CS, DACK Y 'I 
TAW I!— 

_~ rrTWA 

WR 

DATA 

INr 

c~ ~: 

DRO 

DACK 

~T WW 

  I~—TDw ~J ~ It tWD~ 

~~ 
I T 

I 

I~—tWl~ 

CLOCK 

I 
I o0 I I I —

I b►+~ I I~—eCv-~ 
^R ~l  Fs- I I I I 

I y~ ~CF 

DMA OPERATION 

/

I
I
} 

TAM 
~  ~ TMCV /  ~ 

I 

I 
' TMRW ~~

F 
WR OR RD I ~~ / 

If TMW IWR) I  

TMR IR D) i 
I 

FDD WRITE OPERATION 

~1 

WRITE CLOCK 

IfTo 

~j I~ 
I ly.l If-TF 

TR_~I ~•~_ 
WRITE ENABLE 

PR ESHIFTOOR 1 

I I 
I I ~ 

—~'I If TCP 

~'~ 

I 
_y~ 

~'r TCD —'~ I'~'_TWDD 

WRITE DATA 

~'I F~Tco

PR ESHIFT 0 PR ESHIFT i 

NORMAL 

LATE 

EARLY 

INVALID 
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µPD765 
SEEK OPERATION 

USp, ~ ~j STABLE 

J--~xLUS~— ~{ tSU Is— 

RW/SEEK 

  I I 

~ SD~  

~tDS ~ 

DIRECTION I 

F 

tDST-~ ~—~ LSTU~
l~— 

I tSTD 

I ~~ 

L$TP ~
I  
f 

STEP 

FAULT RESET = 

FILE UNSAFE RESET I 

FLT RESET 

I 

READ DATA 

READ DATA WINDOW 

I I 
I I 

' yl  TFR 

tSC 

INDEX 

FDD READ OPERATION 

~j  lI

I 

~'TRDD I~TWRD~ ifTRDW~ 

I i I i 

~I 

Note: Either polarity data window is valid. 

rc 

TERMINAL COUNT 

J~ i~ 

~yi I'~'— TTC 

RESET 

I 
TWCV — ~I 

RESET 
I I 

_JI ~_ 
I 

—~I 1f TRST 

The µPD765 contains two registers which may be accessed by the main system proces-

sor; aStatus Register and a Data Register. The 8-bit Main Status Register contains the 
status information of the FDC, and may be accessed at any time. The &bit Data 
Register (actually consists of several registers in a stack with only one register pre-
sented to the data bus at a time), which stores data, commands, parameters, and FDD 
status information. Data bytes are read out of, or written into, the Data Register in 

order to program or obtain the results after a particular command. The Status 

Register may only be read and is used to facilitate the transfer of data between the 

processor and µPD765. 

The relationship between the Status/Data registers and the signals RD, WR, and AO 

is shown below. 

Ap RD N1R FUNCTION 

0 0 1 Read Main Status Register 
0 1 0 Illegal 
0 0 0 Illegal 
1 0 0 Illegal 
1 0 1 Read from Data Register 
1 1 0 Write into Data Register 

TIMING WAVEFORMS 
(CONY.) 

INTERNAL REGISTERS 

428 



µPD765 
INTERNAL REGISTERS 

(CONY.) 

PACKAGE OUTLINE 
µPD765C 

COMMAND SEQUENCE 

The bits in the Main Status Register are defined as follows: 

BIT NUMBER NAME SVMBOL DESCRIPTION 
OBp FDD 0 Busy DpB FDD number 0 is in [he Seek mode. If any of the bits is se[ FDC will not accept 

read or write command. 
OBI FDD 1 Busy D7B FDD number 1 is in the Seek mode. If any of the bits is set FDC will not accept 

read or write cpmmand. 
D82 FOD 2 Busy D2B FDD number 2 is in the Seek mode. If any of the bits is set FDC will not accept 

read or write command. 
DB3 FDD 3 Busy D3B FDD number 3 is in the Seek mode. It any of the bits is set FDC will not accept 

read or write command. 
DBq FDC Bury CB A read or write command is in process. FDC will not accept any other command. 
DBB Execution Mode EXM This bit is se[ only during execution phase in non~DMA mode. When DB5 goe 

low, execution phase has entled, and result phase was started. It operates onlys
during NON-DMA mode of operation. 

DBg Data Input/Output DIO Intlicates direction of data transfer between FDC and Deta Register. If DIO = "1" 
then nsfer is from Data Register to the Processor. If DIO = "0", then transfer 
is from the Processor to Data Register. 

DB7 Reguest for Master ROM Intlicates Da[a Register is ready to send or receive data to or from the Processor. 
Both bits DIO antl ROM should be used [o perform the handshaking functions of 
"ready" and "direction" to the processor. 

The DIO and ROM bits in the Status Register indicate when Data is ready andin which direction data will be transferred on the Da[a 
Bus. The max Lme between the last RD or WR tluring command or result phase and DIO and ROM getting set or reset is 12 ys. For 
this reason eve y time Main Status Register is read the CPU shoultl wait 12 ys. The max time from the trailing edge of the lest RD in 
the result phase to when DBq IFDC Busy) goes low is 12 ys. 

Data IniOut 

IDIOT 

Out FDC and Into Processor 

Out Processor and Imo FDCI 

Ready 

Revuest for Master i 
IROMI I 

I Ready 
1 I 

WR 

RD 

Not 

~ I 

A B A BI A I C I D C I D )BI A 

Notes O Data rug~ster ready to be written into by processor 

© -- Data register not ready to be wr~tlen into by processo• 

©— Data register ready fur next data byte to be read by the processor 

Data register not ready for next data byte to be read by processor 

ITEM MILLIMEtEaS INCHES 

A 51.5 MA% ]o39 MA% 
e t.61 0.060 
C 3.51:0.1 o.lp'Op00 
D 0.5!0.1 0.019'0.000 
E 0636 19 
F 1.2 MIN O.Od]MIN 
G 3.50 MIN p.Ip MIN 

0.5 MIN 0.019 MIN 
I 5.23 MA% 0306 MA% 
J 5. ]3 MA% 0.225 MA% 

15.10 O.6W 
L 1].1 0.510 

M o.3s' 0.1 0.010' o oa 
0.05 p 003 

The µPD765 is capable of performing 15 different commands. Each command is initiated by a 

multi-byte transfer from the processor, and the rewlt after execution of the command may also 

be a multi-byte transfer back to the processor. Because of this multi-byte interchange of informa-

tion between the µPD765 and the processor, it is convenient to consider each command as 

consisting of three phases: 

Command Phase: 

Execution Phase: 

Rewlt Phase: 

The FDC receives all information required to perform a particular 
operation from the processor. 

The F DC performs the operation it was instructed to do. 

After completion of the operation, status and other housekeeping 
information are made available to the processor. 
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ft PI?7f:5 INSTRUCTION SET O O 

PHASE ~R/W 

Gpmmantl 

Execution 

ResuH 

W 

W 

W 
W 
W 
W 
W 
W 
W 

P 
R 
R 
R 

DATA BU$ 

D~ D5 DS Op D3 Dz Dt DO 

READ DATA 

REMARKS PHASE R/w 

DATA 8U3 

D7 DE D5 Dy DS DZ Df DD 

READ A TRACK 

REMARKS 

MT MF SK 0 0 1 1 0 

X % X % X HD U51 USO 

 C 
 M 
 R 
 N 
EOT 
GPL 
DTL 

sr o 
ST i 
ST 2 
 C 
 M 
 R 
 N 

Commantl Codes 

Secor ID Information prior 
to Commantl execution. The 
4 bytes are commander against 
header on Floppy Disk. 

Dataaransnrbetween me 
FDD and mom-system 

Status information after 

command exeputon 

Sector ID information after 
Command execution 

READ DELETED DATA 

c«nmana 

Ezecuuon 

Result 

W 

W 

W 
W 
W 
W 

W 
W 

R 
R 
R 
R 
R 
R 
R 

MT MF SK 

X X X 

o t t o 0 
X X HD US1 USO 

 C 
 H 
 R 
 N 
 EOT 
 GPL 
 DTL 

ST 0 
ST 1 
ST 2 

C  
 H 

R 
N 

Command Codes 

Sector ID information prior 
to Command execution. The 
6 bytes are commanded against 
header on Floppy Disk. 

Dan transfer between the 
FDD and mom-system 

Status information aster 

Command execution 

Sector ID informatipn alter 
Commantl execution 

Commantl 

Execution 

Result 

W 

W 

W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 

0 MF SK 0 0 0 1 0 

X % % X X MD US7 USO 

 C 
H 
R 

 N 
EOT 
GPL 
DTL—

ST 0 
$T 1 
ST 2 
  C  
 M 
 R 
 N 

Command Codes 

Sector ID information prior 
to Command execution 

Dasa-transfer between the 
FDD and main~system. FOC 
reads an don }isles 
from index hole to EIOf. 

Status information efrer 
Commantl execution 

Sector ID information after 
Command execution 

READ ID 

Command 

Execution 

Result 

W 
W 

R 
R 
R 
R 
R 
R 
R 

0 MF 0 0 t 0 1 0 

% X X % X HD USl USO 

ST 0 
ST 1 
ST 2 —~ 
 C 
 H 
 R 
 N 

Commands 

Tne first correc< ID iMormetion 
n the CYlinder is stored in 

Data Register 

Staves information after 
Command execubun 

Stttor ID information read 
tluring Execution Phase from 
Floppy Disk. 

FORMAT A TRACK 

WRITE DATA 

Commend 

ExaCYllOn 

Rawls 

W 
W 

w 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 

MT MF 

x x 
0 0 0 1 0 
X % X HD U51 

 c 
 H 
 R 
  N 
EOT 
GPL 
DTL 

t 

U50 

ST 0 
5T 1 
si 2 
 C 
 H 
  R 
N 

Command Coaes 

Sector ID information prior 
to DOmrlNrld execution. Tne 
4 bytes are commaMed against 
Mader on Floppy Disk. 

Data-transfer between the 

mom-system and FDD 

Status information after 
Command execlaion 

Sector ID information after 
commana execurpn 

Commantl 

E xacu[ion 

Result 

W 

W 

W 
W 
W 
W 

0 MF 0 0 1 1 0 1 

% X X X X HD USt USO 

 N 
 SC 
GPL 
  D 

ST 0 
ST 7 
ST ~ 

C 
 H 

R 
N 

Command Codes 

Bytes/Sector 
Sectors/Track 
Gap 3 
Filler Byte 

FDC formats an entire track 

Status information after 
Command execution 

In this case, the ID information 
has no meaning 

SCAN EOUAL 

WRITE DELETED DATA 

Command 

Execution 

Rewlt 

W 
w 

W 
w 

W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 

MT MF 0 0 1 0 0 1 

x x x x x HD ust use 

 N 
EOT 
 GPL 
DTL 

ST 0 
ST 1 
ST Z 

C  
 M 
 R 
  N 

command cpaea 

Sector ID information prior 
o com n. the 

e byte maneea against 
headersoneF lopPY Disk. 

Deta~tranifer between the 

FDD and mainyystem 

Status inlornwtion after 
Command executor 

Sector ID information otter 
commana execution 

command 

Execution 

Result 

W 

w 
W 
W 
W 
W 
W 
W 
w 

MT MF SK 

x x x 
1 0 0 0 1 

x x HD ust use 

 C 
 H 
 R 
  N 
EOT 
GPL 
srP 

ST 0 
ST 1 
ST Z 
  C 

H 
 R 
  N 

Command Codes 

Sector tD information prior 
to Command execution 

Data<omlNred between me 
FDD one m,inKysrem 

Status information otter 
commana ex«ption 

Saetor ID iMormetion altar 
COmmarN execution 

NoN: Q1  Symtsdi usatl in this redo era tlascribed at Me entl of this Notion. 

® AO should equal binary i for all operations. 

0 X •Don't ure, uwally matle to equal binary 0. 
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INSTRUCTION SET 
(CONY.) µPD765 

PHASE _ R/W 

DATA BUS 

REMARKS PHASE 

DATA BUS 

REMARKS D7 O6 D5 Oq D3 Dp Dt DO RAY D7 D6 D6 Dq D3 DZ D1 Op 

SCAN LOW OR EOUAL RECALI9RATE 
Command W 

W 

W 

MT MF SK 1 1 0 0 1 
X X X X X HD U51 USO 

Commend Cotlos 'Command 

ExKution 

'W 

W 

0 0 0 0 0 t 1 1 

X X X % X C U51 USO 

Command Codes 

Mead retrettetl to TrackO W 
C $sctorlD information prior 

W 
H 
R 

Commend execution 
SENSE INTERRUPT STATUS 

W Commantl 

Result 

W 

R 

0 0 0 0 1 0 0 0 

5t0 

Command Codes 
W 

N
E0T 

W 
W 

GPL 
STP R PCN 

Status information at the end 
FDC 

Execution 

Resin[ 

Datxcompared betwee the 
FDD and main-system 

SPECIFY 

of seek-operation about the 

Commantl W 

W 

0 0 0 0 0 0 1 1 

—SRT ~ HUT —

Command Codes 

W' 
~. 

—HLT ND 
STO S[atus information after 

7~ 

SENSE DRIVE 57ATUS 
ST 1 Commantl execution 
ST 2 

commana 

Res

w 
W 

o 0 0 0 0 1 0 o 
X X X X X HD US1 USO 

commons cndea c sxmr ID infnrmation attar 
H Commantl execution 
R 
N 

SCAN NIGH OR EOUAL 
IL R ST 3 

SEEK 

Status information about FDD 

Command W 

W 

MT MF SK 1 1 1 0 1 
X X X X X HD US1 USO 

Command Codas 
Command W 

W 

W 

0 0 0 0 1 1 1 1 
X X X X X HD U51 USO 

NCN 

Command Cops 

W 
W 

C Sector ID information prior 

Execution 
Mead is positioned over 
proper Cylinder on 
Diskette 

W 
H Command execution 
R 

W 
W 

N 
SOT 

W GPL 

Execution 

W STP 

Datacomparad between the 
FDD antl main-system 

INVALID 

Command W Invalid Codes Invalid Command Codes 

Result R 

INODp —FDC goes into 
Standby Statel Resvlt R ST 0 Status information after 

R 
R 

ST 1 
ST 

Command execution ST 0 ST 0 = 90 
116) 

R 
2 

C Sector ID information after 
R H Command execution 
R 
R 

R 
N 

COMMAND SYMBOL 
DESCRIPTION SYMBOL NAME DESCRIPTION 

Ap Address Line 0 AO controls selection of Main Status Register (Ap = 01 or Data 
Register (Ap = 1 

C Cylinder Number C stands for the current/selected Cylinder (track) number 0 
through 76 of the medium, 

D Data D stands for the data pattern which is going to be written into a 
Sector. 

D 7.Op Data Bus 8-bit Data Bus, where D7 stands for a most significant bit, and 

DO stands for a least significant bit. 

DTL Data Length When N is defined as 00, DTL stands for the data length which 

users are going to read out or write into the Sector. 

EOT End of Track EOT stands for the final Sector number on a Cylinder. During 

Read or Write operation FDC will stop date transfer after a sector 

#equal to EOT. 

GPL Gap Length GPL stands for the length of Gap 3. During Read/Write commands 
this value determines the number of bytes that VCOs will stay low 
after two CRC bytes. During Format command it determines the 
size of Gap 3. 

H Head Address H stands for head number 0 or 1, as specified in ID field. 

HD Head HD stands for a selected head number 0 or 1 and controls the 

polarity of pin 27. IH = HD in all command words.) 

HLT Head Load Time HLT stands for the head load time in the FDD 12 to 254 ms in 

2 ms incremental. 

HUT Head Unload Time HUT stands for the head unload time after a read or write opera-

tion has occurred 116 to 240 ms in 16 ms incremental. 

MF FM or MFM Mode If MF is low, FM mode is selected, and if it is high, MFM mode is 
selected. 

MT Multi-Track If MT is high, a multi-track operation is to be performed. If MT = 1 
after finishing Read/Write operation on side 0 FDC will auto-
matically start searching for sector 1 on side 1. 
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µ PD765 

SVMBOL NAME DESCRIPTION 

ti Number N stands for the number of data bytes 
written in a Sector. 

NCN New Cylinder Number NCN stands for a new Cylinder number, 
which is going to be reached as a result of the 
Seek operation. Desired position of Head. 

ND Non-DMA Mode ND stands for operation in the Non-DMA Mode. 

PCN Present Cylinder 
Number 

PCN stands for the Cylinder number at the com-
pletion of SENSE INTERRUPT STATUS 
Command. Position of Head at present time. 

R Record R stands for the Sector number, which will 
be read or written. 

RNJ Read/Write R/W stands for either Read IRI or Write IWI 
signal. 

SC Sector SC indicates the number of Sectors per 
Cylinder. 

SK Skip SK stands for Skip Deleted Data Address Mark. 

SRT Step Rate Time SRT stands for the Stepping Rate for thefDD. 
11 to 16 ms in 1 ma increments.) Stepping Rate 
applies to all drives, IF = 1 ms, E = 2 ma, etc.l. 

ST 0 
ST 1 
ST 2 
ST 3 

Status 0 
Status 1 

~ Status 2 
Status 3 

ST 0.3 stand for one of four registers which 
store the status information after a command 
has been executed. This information is 
available during the result phase after command 
execution. These registers should not be con-
fusedwith the main status register (selected by 
Ap = 01. ST P3 may be read only after a com-
mand has been executed and contain informatior 
relevant to that particular command. 

STP During a Scan operation, if STP = 1, the data in 
contiguous sectors is compared byte by byte 
with data sent from the processor (or DMAI: 
and if STP = 2, then alternate sectors are read 
and compared. 

USO, US7 Unit Select US stands for a selected drive number 0 cr 1. 

MEMORIES 

8080 SVSTEM BUS 

Dap? 

MEMR 
I OR 
M 

IOW 
CS 
HRO 
RLDA 

V 

µPD8257 
DMA 

CONTROLLER 

t 
_ 

DACK 

D 

P`0 
D Bp7 

RD 
WR 

CS 
INT 
RESET 

TC 
TERMINAL 
COUNT 

µPD765 
FDC 

READ 
DATA 

WINDOW 

RD DATA 
t 

PLL 

WR DATA 

INPUT CONTROL 

OUTPUT CONTROL 

DRIVE 
INTERFACE 

COMMAND SYMBOL 
DESCRIPTION (CONY.) 

SYSTEM CONFIGURATION 

432 



~ P D765 

PROCESSOR INTERFACE 

POLLING FEATURE OF 
THE µPD765 

During Command or Result Phases the Main Status Register (described earlier) must be 
read by the processor before each byte of information is written into or read from the 
Data Register. After each byte of data read or written to Data Reyister, CPU should 
wait for 12µs before reading MSR. Bits D6 and D7 in the Main Status Register must 
be in a 0 and 1 state, respectively, before each byte of the command word may be 
written into the µPD765. Many of the commands require multiple bytes, and as a 
result the Main Status Register must be read prior to each byte transfer to the µPD765. 
On the other hand, during the Result Phase, D6 and D7 in the Main Status Register 
must both be 1's (D6 = 1 and D7 = 1) before reading each byte from the Data Register. 
Note, this reading of the Main Status Register before each byte transfer to the µPD765 
is required in only the Command and Result Phases, and NOT during the Execution 
Phase. 

During the Execution Phase, the Main Status Register need not be read. If the µPD765 
is in the NON-DMA Mode, then the receipt of each data byte (if µPD765 is reading 
data from FDD) is indicated by an Interrupt signal on pin 18 (INT = 1), The generation 
of a Read signal (RD = 0) or Write signal (WR = 01 will reset the Interrupt as well as 
output the Data onto the Data Bus. If the processor cannot handle Interrupts fast 
enough (every 13µs) for MFM and 27 µs for FM mode, then it may poll the Main 
Status Register and then bit D7 (ROM) functions just like the Interrupt signal. If a 
Write Command is in process then the WR signal performs the reset to the Interrupt 
signal. 

If the µPD765 is in the DMA Mode, no Interrupts are generated during the Execution 
Phase. The µPD765 generates DRO's (DMA Requests) when each byte of data is avail-
able, The DMA Controller responds to this request with both a DACK = 0 (DMA 
Acknowledge) and a RD = 0 (Read signal). When the DMA Acknowledge signal goes 
low (DACK = 0) then the DMA Request is reset (DRO = 01. If a Write Command has 
been programmed then a WR signal will appear instead of RD. After the Execution 
Phase has been completed (Terminal Count has occurred) or EOT sector was read/ 
written, then an Interrupt will occur (INT = 1), This signifies the beginning of the 
Result Phase. When the first byte of data is read during the Result Phase, the Interrupt 
is automatically reset (INT = 01. 

It is important to note that during the Result Phase all bytes shown in the Command 
Table must be read. The Read Data Command, for example has seven bytes of data in 
the Result Phase, All seven bytes must be read in order to successfully complete the 
Read Data Command. The µPD765 will not accept a new command until all seven 
bytes have been read, Other commands may require fewer bytes to be read during the 
Result Phase. 

The µPD765 contains five Status Registers. The Main Status Register mentioned above 
may be read by the processor at any time. The other four Status Registers (STO, ST1, 
ST2, and ST3) are only available during the Result Phase, and may be read only after 
completing a command. The particular command which has been executed determines 
how many of the Status Registers will be read. 

The bytes of data which are sent to the µPD765 to form the Command Phase, and are 
read out of the µPD765 in the Result Phase, must occur in the order shown in the 
Command Table. That is, the Command Code must be sent first and the other bytes 
sent in the prescribed sequence. No foreshortening of the Command or Result Phases 
are allowed. After the last byte of data in the Command Phase is sent to the µPD765, 
the Execution Phase automatically starts. In a similar fashion, when the last byte of 
data is read out in the Result Phase, the command is automatically ended and the 
µPD765 is ready for a new command. 

After the Specify command has been sent to the µPD765, the Unit Select line USO and 
US1 will automatically go into a polling mode. In between commands (and between 
step pulses in the SEEK command) the µPD765 polls all four FDD"s looking for a 
change in the Ready line from any of the drives. If the Ready line changes state (usually 
due to a door opening or closing) then the µPD765 will generate an interrupt. When 
Status Register 0 (ST01 is read (after Sense Interrupt Status is issued►, Not Ready (NR) 
will be indicated. The polling of the Ready line by the µPD765 occurs continuously 
between commands, thus notifying the processor which drives are on or off line. Each 
drive is polled every 1,024 ms except during the Read/Write commands. 
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µ PD765 

READ DATA 

A set of nine 191 byte words are required to place the FDC into the Read Data Mode. After the Read Data 

command has been issued the FDC loads the head lif it is in the unloaded state), waits the specified head 

settling time (defined in the Specify Commandl. and begins reading ID Address Marks and ID fields. When 

the current sector number ("R") stored in the ID Register (IDR 1 compares with the sector number read off 

the diskette, then the FDC outputs data (from the data field) byte-tobyte to the main system via the data 

bus. 

After completion of the read operation from the current sector, the Sector Number is incremented by one, 
and the data from the next sector is read and output on the data bus. This continuous read function is called 
a "Multi-Sector Read Operation." The Read Data Command  may be terminated by the receipt of a Terminal 
Count signal, TC should be issued at the same time that the DACK for the last byte of data is sent. Upon 
receipt of this signal, the FDC stops outputting data to the processor, but will continue to read data from the 
current sector, check CRC (Cyclic Redundancy Count) bytes, and then at the end of the sector terminate 
the Read Data Command. 
The amount of data which can be handled with a single command to the FDC depends upon MT (multi-
track), MF (MFM/FM1, and N (Number of Bytes/Sectorl. Table 1 below shows the Transfer Capacity. 

Multi-Track 
MT 

MFM/FM 
MF 

Bytes/Sector 
N 

Maximum Transfer Capacity 
(Bytes/Sector) (Number of Sectors) 

Final Sector Read 
from Diskette 

0 0 00 (128) 1261 = 3,328 26 at Side 0 

0 1 Ot (256) 1261 = 6,656 or 26 at Side 1 

1 0 00 (1281 (52) = 6,656 
1 1 O1 (256) 1521 = 13,312 

26 at Side 1 

0 0 01 (256) 1751 = 3,840 15 at Side 0 
0 1 02 (512) 1151 = 7,680 or 15 at Side 1 

1 0 01 (2561 1301 = 7,680 
15 at Side 1 

1 1 02 (5121130) = 15,360 

0 0 02 1512) 181 = 4,096 8 at Side 0 
0 1 03 (1024) 181 = 8,192 or 8 at Side 1 

1 0 02 (512) 1161 = 8,192 
Sat Side 1 

t 1 03 (10241 116) = 16,384 

Table 1. Transfer Capacity 

The "multi-vack" function IMTI allows the FDC to read data from both sides of the diskette. For a 
particular cylinder, data will be transferred starting at Sector 1, Side 0 and completing at Sector L, Side 1 
(Sector L = last sector on the sidel_ Note, this function pertains to only one cylinder (the same track) on 
each side of the diskette. 

When N = 0, then DTL defines the data length which the FDC must treat as a sector. If DTL is smaller than 
the actual data length in a Sector, the data beyond DTL in the Sector, is not sent to the Data Bus. The FDC 
reads (internally) the complete Sector performing the CRC check, and depending upon the manner of com-

mand termination, may perform aMulti-Sector Read Operation. When N is non-zero, then DTL has no 
meaning and should be set to FF Hexidecimal. 

At the completion of the Read Data Command, the head is not unloaded until after Head Unload Time 
Interval (specified in the Specify Command) has elapsed. If the processor issues another command before 
the head unloads then the head settling time may be saved between subsequent reads. This time out is 
particularly valuable when a diskette is copied from one drive to another. 

If the FDC detects the Index Hole twice without finding the right sector, (indicated in "R"1, then the FDC 
sets the ND (No Data) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command. 
(Status Register 0 also has bits 7 and 6 set to 0 and i respectively.) 

After reading the ID and Data Fields in each sector, the FDC checks the CRC bytes. If a read error is 
deteMed (incorrect CRC in ID field 1, the FDC sets the DE (Data Error) flag in Status Register 1 to a 1 (highl, 
and if a CRC error occurs in the Data Field the FDC also sets the DD (Data Error in Data Field) flag in 
Status Register 2 to a i (highl. and terminates the Read Data Command. (Status Register 0 also has bits 7 
and 6 set to 0 and 1 respectively.) 

If the FDC reads a Deleted Data Address Mark off the diskette, and the SK bit (bit D5 in the first Command 
Word) is not set (SK = 01, then the FDC sets the CM (Control Mark) flag in Status Register 2 20 a 1 (highl, 
and terminates the Read Data Command, after reading all the data in the Sector. If SK = 7, the FDC skips 
the sector with the Deleted Data Address Mark and reads the next sector. The CRC bits in the deleted data 
field are not checked when SK = 1. 

During disk data transfers between the FDC and the processor, via the data bus, the FDC must be serviced 
by the processor every 27 µs in the FM Mode, and every 73µs in the MFM Mode, or the FDC sets the OR 
(Over Runl flag in Status Register 1 to a 1 (highl, and terminates the Read Data Command. 

If the processor terminates a read (or write) operation in the FDC, then the ID Information in the Result 
Phase is dependent upon the state of the MT bit and EOT byte. Table 2 shows the values for C, H, R, and 
N, when the processor terminates the Command. 

FUNCTIONAL 
DESCRIPTION OF 
COMMANDS 
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MT HD Final Sector Transferred to Processor 

ID Information at Result Phase 

C H R N 

0 

0 Less than EOT NC NC R + 1 NC 

0 Equal to EOT C + 1 NC R = 01 NC 

1 Less than EOT NC NC R + i NC 

1 Equal to EOT C + 1 NC R = O1 NC 

1 

0 Less than EOT NC NC R + 1 NC 

0 Equal io EOT NC LSB R = Oi NC 

1 Less than EOT NC NC R + 1 NC 

1 Equal to EOT C+ 1 LSB R = Ot NC 

Note : 1 NC INo Change l: The same value as the one at the beginning of command execution. 

2 LSB (Least Significant Bitl: The least significant bit of H is complemented. 

WRITE DATA 

A set of nine 191 bytes are required to set the FDC into the Write Data mode. After the Write Data command 
has been issued the FDC loads the head (if it is in the unloaded statel, waits the specified Head Settling Time 
(defined in the Specify Commandl, and begins reading ID Fields. When all four bytes loaded during the com-
mand IC, H, R, N) match the four bytes of the ID field from the diskette, the FDC takes data from the 
processor byte-by-byte via the data Dus, and outputs it to the FDD. 

Atter writing data into the current sector, the Sector Number stored in "R" is incremented by one, and the 
next data field is written into. The FDC continues this "Multi-Sector Write Operation" until the issuance of 
a Terminal Count signal. If a Terminal Count signal is sent to the FDC it continues writing into the current 
sector to complete the data field. If the Terminal Count signal is received while a data field is being written 
then the remainder of the data field is filled with 00 (zerosl. 

The FDC reads the ID field of each sector and checks the CRC bytes If the FDC detects a read error 
(incorrect CRC) in one of the ID Fields, it sets the DE (Data Error) riag of Status Register 1 to a 1 (highl, 
and terminates the Write Data Command. (Status Register 0 also has bits 7 and 6 set to 0 and 1 respectively.) 

The Write Command operates in much the same manner as the Read Command. The following items are the 
same, and one should refer to the Read Data Command for details: 

• Transfer Capacity Head Unload Time Interval 

• EN (End of Cylinder) Flag ID Information when the processor terminates command (see Table 21 

• ND (No Data) Flag • Definition of DTL when N = 0 and when N # 0 

In the Write Data mode, data transfers between the processor and FDC, via the Data Bus, must occur every 
27 µs in the FM mode, and every 13µs in the MFM mode. If the time interval between data transfers is 
longer than this [hen the FDC sets the OR (Over Run) flag in Status Register 1 to a 1 (highl, and terminates 
the Write Data Command. (Status Register 0 also has bit 7 and 6 set to 0 and 1 respectively,) 

WRITE DELETED DATA 

This command is the same as the Write Data Command except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data Address Mark. 

READ DELETED DATA 

This command is the same as the Read Data Command except that when the F DC detects a Data Address 
Mark at the beginning of a Data Field land SK = 0 (low), it will read all the data in the sector and set ±he 
CM flag in Status Register 2 to a [ (high 1, and than terminate the command. If SK = t, then the FDC skips 
the sector with the Data Address Mark and reads the next sector. 

READ A TRACK 

This command is similar to READ DATA Command except that this is a continuous READ operation 
where the entire data field from each of the sectors are read. Immediately after encountering the 
INDEX HOLE, the FDC starts reading atl data fields on the track, as con[inuous blocks of tlata. 11 the 
FDC finds an error in the ID or DATA CRC check bytes, it continues to read data from the track. The 
FDC compares the ID information read from each sector with the value stored in the IDR, and sets the 
ND flag of Status Register 1 to a 1 (high) if there is no comparison. Multi-track or skip operations are not 
allowed with this command. 

This command terminates when number of sectors read is equal to EOT, If the FDC does not find 
an ID Address Mark on the diskette after it encounters the INDEX HOLE for the second time, 

[hen it sets the MA (missing address mark) flag in Status Register 1 to a 1 (highl, and terminates 
the command. (Status Register 0 has bits 7 and 6 set to 0 and 1 respectively.) 
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READ ID 

The READ ID Command is used to give the present position of the recording head. The FDC stores the 

values from the first ID Field it is able to read. It no proper ID Address Mark is found on the diskette, 

before the INDEX HOLE is encountered for the second time then the MA (Missing Address Mark) flag in 

Status Register i is set [o a 1 (high 1, and if no data is fountl then the ND INo Data) flag is also set in Status 

Register 1 to a 1 (highl. The command is then terminated with Bits 7 and 6 in Status Register 0 set to 0 
and 1 respectively. During this command there is no data transfer between FDC and the CPU except during 

the result phase. 

FORMAT A TRACK 

The Format Command allows an entire track to be formatted. After the INDEX HOLE is detected, Data is 

written on the Diskette; Gaps, Address Marks, ID Fields and Data Fields, all per the IBM System 34 (Double 

Density) or System 3740 (Single Density) Format are recorded. The particular format which will be written 

is controlled by the values programmed into N (number of byteslsector), SC (sectors/cylinderl, GPL (Gap 

Length), and D (Data Pattern) which are supplied by the processor during the Command Phase. The Data 

Field is filled with the Byte of data stored in D. The ID Field for each sector is supplied by the processor; 

that is, four data requests per sector are made by the FDC for C (Cylinder Number), H (Head Numbed, 

R (Sector Number) and N (Number of Bytes/Sectorl. This allows the diskette to be formatted with non-

sequential sector numbers, if desired. 

The processor must send new values for C, H, R, and N to the yPD765 for each sector on the track. If FDC 
is set for DMA mode, it will issue 4 DMA requests per sector. If it is set for interrupt mode, It will issue four 
interrupts per sector and the processor must supply C, H, R and N load for each sector. The contents of 
the R register is incremented by one after each sector is formatted, thus, the R register contains a value of 
R when it is read during [he Result Phase. This incrementing and formatting continues for the whole track 
until the FDC encounters the INDEX HOLE for the second time, whereupon it terminates the command. 

It a FAULT signal is received from [he FDD at the end of a write operation, then the FDC sets the EC 
flag of Status Register 0 to a 1 (high 1, and terminates the command after setting bits 7 and 6 of Status 
Register 0 to 0 and 1 respectively. Also the loss of a READY signal at the beginning of a command 
execution phase causes bits 7 and 6 of Status Register 0 to be set to 0 and 1 respectively. 

Table 3 shows the relationship between N, SC, and GPL for various sector sizes ~. 

8"STANDARD FLOPPY 

FUNCTIONAL 
DESCRIPTION OF 
COMMANDS (CONY.) 

5Y."MINI FLOPPY 

FORMAT SECTOR S12E N SC GPL Q1 GPL Q2 REMARKS SECTOR SIZE N SC GPL C GPL Q 

128 bytes/Sector 00 tA
116) .07116) 16116) 

IBM Diskette 1 128 byteslSector 00 12 07 09 

FM Mode 256 01 OF
1161 OE1161 

2A1161 IBM Diskette 2 128 00 10 10 19 

512 02 OS 16(161 3A1t61 256 01 08 18 30 

1024 bytes/Sector 03 04 47 SA 512 02 04 46 87 

FM Mode 2048 04 02 CS FF 1024 03 02 C8 FF 

4096 05 01 C8 FF 2048 04 O1 C8 FF 

256 Oi 1A1t6) OE1t6) 36116) IBM Diskette 2D 256 01 12 OA OC 

512 02 OF1t6) 18116) 54116) 256 01 10 20 32 

1024 03 08 35116) 74116) IBM Diskette 2D 512 02 08 2A 50 
MFM Mode 

2048 04 04 99 FF 1024 03 04 80 FO 

4096 O5 02 C8 FF 2048 04 02 C8 FF 

8792 O6 01 C8 FF 4096 05 01 C8 FF 

Table 3 

Note: Q1  Suggested values of GPL in Read or Write Commands to avoid splice point between data field 

and ID field of contiguous sections. 

© Suggested values of GPL in format command. 

~3 In MFM mode FDC can perform a read operation only with 128 bytes/sector. IN = 001 

SCAN COMMANDS 

The SCAN Commands allow data which is being read from the diskette to be compared against data which 
is being supplied from the main system. The FDC compares the data on a byte-by-byte basis, and looks for 
a sector of data which meets the conditions of DFDD =DProcessor• DFDD ~ DProcessor• or DFDD ~ 
DProcessor The hexidicernial byte of FF either from memory or from FDD can be used as a mask byte 
because it always meet the condition of the compare. Ones complement arithmetic is used for comparison 
(FF =largest number, 00 =smallest numbed. After a whole sector of data is compared, if the conditions 
are not met, the sector number is incremental IR + STP -» R), and the scan operation is continued. The scan 
operation continues until one of the following conditions occur; the conditions for scan are met (equal, 
low, or high), the last sector on the track is reached (EDT), or the terminal count signal is received. 
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If the conditions for scan are met then the FDC sets the SH (Scan Hit) flag of Status Register 2 to a 1 
(highl, and terminates the Scan Command. If the conditions for scan are not met between the starting 
sector (as specified by R) and the last sector on the cylinder IEUTI, then the FDC sets the SN (Scan Not 
Satisfied) flag of Status Register 2 to a 1 (high 1, and terminates the Scan Command. The receipt of a 
TERMINAL COUNT signal from the Processor or DMA Controller during the scan Operation will cause the 
FDC to complete the comparison of the particular byte which is in process, and then to terminate the com-
mand. Table 4 shows the status of bits SH and SN under various conditions of SCAN. 

COMMAND 
STATUS REGISTER 2 

COMMENTS 
BIT 2 = SN BIT 3 = SH 

Scan Equal 
0 1 DFDD =DProcessor 
1 0 DFDD "DProcessor 

0 i DFDD =DProcessor 
Scan Low or Equal 0 0 DFDD < DProcessor 

1 0 DFDD ~ DProcessor 

0 1 DFDD ' DProcessor 
Scan High or Equal 0 0 DFDD > DProcessor 

1 0 DFDD < DProcessor 

Table 4 

If the FDC encounters a Deleted Data Address Mark on one of the sectors land SK = 01, then it regards the 
sector as the last sector on the cylinder, sets CM (Control Mark) flag of Status Register 2 to a 1 (high) and 
terminates the command. If SK = 1, the FDC skips the sector with the Deleted Address Mark, and reads 
the next sector. In the second case ISK = 11, the FDC sets the CM (Control Mark) flag of Status Register 2 
to a 1 (high) in order to show that a Deleted Sector had been encountered. 

When either the STP (contiguous sectors = Ot, or alternate sectors = 02 sectors are read) or the MT (Multi-
Track) are programmed, it is necessary to remember that the last sector on the track must be read. For 
example, if STP = 02, MT = 0, the sectors are numbered sequentially 1 through 26, and we start the Scan 
Command at sector 21; the following will happen. Sectors 21, 23, and 25 will be read, then the next sector 
126) will be skipped and the Index Hole will be encountered before the EOT value of 26 can be read. This 
will result in an abnormal termination of the command. If the EOT had been set at 25 or the scanning 
started at sector 20, then the Scan Command would be completed in a normal manner. 

During the Scan Command data is supplied by either the processor or DMA Controller for comparison 
against the data read from the diskette. In order to avoid having the OR (Over Run) flag set in Status 
Register 1, it is necessary to have the data available in less than 27µs (FM Model or 13µs (MFM Mode). It 
an Overrun occurs the F DC ends the command with bits 7 and 6 of Status Register 0 set to 0 and 1, 
respectively. 

SEEK 
The read/write head within the FDD is moved from cylinder to cylinder under c rol of the Seek Com-
mand. FDC has four independent Present Cylinder Registers for each drive. They r~lear only after 
Recalibrate command. The FDC compares the PCN (Present Cylinder Number) w~ h is the current head 
position with the NCN (New Cylinder Numbed, and if there is a d ence performs the following 
operation: 

PCN < NCN: Direction signal to FDD set to a 1 (highl, a ep Pulses are issued. (Step In.) 
PCN > NCN: Direction signal to FDD set to a 0 (local, and Step Pulses are issued. (Step Out.l 

The rate at which Step Pulses are issued is controlled by SRT (Stepping Rate Time) in the SPECIFY Com-
mand. After each Step Pulse iz issued NCN is compared against PCN, and when NCN =PCN, then the SE 
(Seek End) flag is set in Status Register 0 to a 1 (highl, and the command is terminated. At this point 
FDC interrupt goes high. Bits DOB-Dg8 in Main Status Register are set during seek operation and are 
clear by Sense Interrupt Status command. 
During the Command Phase of the Seek operation the FDC iz in the FDC BUSY state, but during [he 
Execution Phase it is in the NON BUSY state. While the FDC is in the NON BUSY state, another Seek 
Command may be issued, and in this manner parallel seek operations may be done on up to 4 Drives a[ 
once. No other command could be issue for as long as FDC is in process of sending Step Pulses to any 
drive. 
If an FDD is in a NOT READY state at the beginning of the command execution phase or during the seek 
operation, then the NR (NOT READY) flag is set in Status Register 0 to a 1 (high 1, and the command is 
terminated after bits 7 and 6 of Status Reoister 0 are set to 0 and 7 rescectively. 
If the time to write 3 bytes of seek command exceeds 750 µs, the timing between fir{t two Step Pulses 
may be Shorter then set in the Specify command by as much as 1 ms. 
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RECALIBRATE 

The function of this command is to retract the read/write head within the FDD to the Track 0 position. 
The FDC clears the contents of the PCN counter, and checks the status of the Track 0 signal from the 

FDO. As long as the Track 0 signal is low, the Direction signal remains 0 Ilow) and Step Pulses are issued. 
When the Track 0 signal goes high, the SE (SEEK END) flag in Status Register 0 is set to a 1 (high) and the 
command is terminated. If the Track 0 signal is still low after 77 Step Pulse have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags of Status Register 0 to both 1s (highsl, and 
terminates the command after bits 7 and 6 of Status Register 0 is set to 0 and 1 respectively. 

The ability to do overlap RECALIBRATE Commands to multiple FDDs and the loss of the READY signal, 

as described in the SEEK Command, also applies to the RECALIBRATE Command. 

SENSE INTERRUPT STATUS 

An Interrupt signal is generated by the FDC for one of the following reasons: 

1. Upon entering the Result Phase of: 

a. Read Data Command e. Write Data Command 

b. Read a Track Command f. Format a Cylinder Command 

c. Read ID Command g. Write Deleted Data Command 

d. Read Deleted Data Command h. Scan Commands 

2. Ready Line of FDD changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur during normal command operations and are easily dis-
cernible by the processor. During an execution phase in NON-DMA Mode, D65 in Main Status Register 
is high. Upon entering Result Phase this bit gets clear. Reason t and 4 does not require Sense Interrupt 
Status command. The interrupt is cleared by reading/writing data to FDC. Interrupts caused by reasons 
2 and 3 above may be uniquely identified with the aid of the Sense Interrupt Status Command. This 
command when issued resets the interrupt signal and via bits 5, 6, and 7 of Status Register 0 identifies 
the cause of the interrupt. 

SEEK ENO 
BIT 5 

INTERRUPT CODE 
CAUSE 

BIT 6 BIT 7 

0 1 1 Ready Line changed state, either polarity 

1 0 0 Normal Termination of Seek or Recalibrate Command 

1 1 0 Abnormal Termination of Seek or Recalibrate Command 

Table 5 
Neither the Seek or Recalibrate Command have a Result Phase. Therefore, it is mandatory to use the Sense 
Interrupt Status Command after these commands to effectively terminate them and to provide verification of 
where the head is positioned (PCN1. 

Issuing Sense Interrupt Status Command without interrupt pending is treated as an invalid command. 

SPECIFY 

The Specify Command sets the initial values for each of the three internal timers. The HUT (Head Unload Time) 

defines the time from the end of the Execution Phase of one of the Read/Write Commands to the head unload 

state. This timer is programmable from 16 to 240 ms in increments of 16 ms (01 = 16 ms, 02 = 32 ms . . . . OF = 
240 msl. The SRT (Step Rate Time) defines the time interval between adjacent step Dulses. This timer is Dro-
grammablefrom 1 [o i6 ms in increments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, etc.l. The HLT (Head Load 
Time) defines the time between when the Head Load signal goes high and when the Read/Write operation starts. 
This timer is programmable from 2 to 254 ms in increments of 2 ms 101 = 2 ms, 02 = 4 ms, 03 = 6 ms . . . 7F = 
254 msl. 
The time intervals mentioned above are a direct function of the clock (CLK on pin 191. Times indicated above 
are for an 8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy application) then all time intervals are 
increased by a factor of 2. 
The choice of DMA or NON•DMA operatio is made bV the ND (NON-DMA) bit. When this bit is high (ND = 11 
the NON-DMA mode is selected, and when ND = 0 the DMA mode is selected. 

SENSE DRIVE STATUS 
This command may be used by the processor whenever it wishes to obtain the status of the FDDs. Status 
Register 3 contains the Drive Status information stored internally in FDC registers. 

INVALID 
If an invalid command is sent to the FDC la command not defined abovel, then the FDC will terminate the com-
mand after bits 7 and 6 of Status Register 0 are set to 1 and 0 respectively. No interrupt is generated by the 
µPD765 during this condition. Bit 6 and bit 7 (DIO and ROM) in the Main Status Register are both high ("1 ") 
indicating to the processor that the µPD765 is in the Result Phase and the contents of Status Register 0 (STO) 
must be read. When the Drocessor reads Status Register 0 it will find a 60 hex indicating an invalid command 
was received. 
A Sense Interrupt Status Command must be sent after a Seek or Recalibrate Interrupt, otherwise the FDC will 
consider the next command [o be an Invalid Command. 

In some applications the user may wish to use this command as a No-OD command, to place the FDC in a 

standby or no operation state. 

FUNCTIONAL 
DESCRIPTION OF 
COMMANDS (CONY.) 
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STATUS REGISTER 
IDENTIFICATION 

BIT DESCRIPTION 
NO. l NAME ~ SYMBOL 

STATUS REGISTER 0 

D7 

Dg 

Interrupt 
Code 

IC 
D7 = 0 and Dg = 0 
Normal Termination of Command, (NT►. Com-
mand was completed and properly executed. 

D7 = 0 and Dg = 1 
Abnormal Termination of Command, IATI. 
Execution of Command was started, but was not 
successfully completed. 

D7 = 1 and Dg = 0 
Invalid Command issue, (IC). Command which 
was issued was never started. 

D7=1andDg=1 
Abnormal Termination because during command 
execution the ready signal from FDD changed 
state. 

D5 Seek End SE When the FDC completes the SEEK Command, 
this flag is set to 1 (high). 

Dq Equipment 
Check 

EC If a fault Signal is received from the FDD, or if 
the Track 0 Signal fails to occur after 77 Step 
Pulses (Recalibrate Command) then this flag is 
set. 

D3 Not Ready NR When the FDD is in the not-ready state and a 
read or write command is issued, th is flag is set. 
If a read or write command is issued to Side 1 of 
a single sided drive, then this flag is set. 

D2 Head 
Address 

HD This flag is used to indicate the state of the head 
at Interrupt. 

D1 Unit Select 1' US 1 These flags are used to indicate a Drive Unit 
Number at Interrupt DO Unit Select 0 SUS 0 

STATUS REGISTER 1 

D7 End of 
Cylinder 

EN When the~FDC tries to access a Sector beyond 
the final Sector of a Cylinder, this flag is set. 

Dg Not used. This bit is always 0 (low). 

D5 Data Error DE When the FDC detects a CRC error in either the 
ID field or the data field, this flag is set. 

Dq Over Run OR If the FDC is not serviced by the main-systems 
during data transfers, within a certain time 
interval, this flag is set. 

D3 Not used. This bit always 0 (low►. 

Dz No Data ND During execution of READ DATA, WRITE 
DELETED DATA or SCAN Command, if the 
FDC cannot find the Sector specified in the IDR 
Register, this flag is set. 

During executing the READ ID Command, if 
the FDC cannot read the ID field without an 
error, then this flag is set. 

During the execution of the R EAD A Cylinder 
Command, if the starting sector cannot be 
found, then this flag is set. 
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BIT 
DESCRIPTION 

NO. I NAME I SYMBOL 

STATUS REGISTER 1 (CONY.) 

Dt Not 
Writable 

NW During execution of WRITE DATA, WRITE 
DELETED DATA or Format A Cylinder Com-
mand, if the FDC detects a write protect signal 
from the FDD, then this flag is set. 

p0 Missing 
Address 
Mark 

MA If the FDC cannot detect the ID Address Mark 
after encountering the index hole twice, then 
this flag is set. 

If the FDC cannot detect the Data Address Mark 
or Deleted Data Address Mark, this flag is set. 
Also at the same time, the MD (Missing Address 
Mark in Data Field) of Status Register 2 is set 

STATUS REGISTER 2 

D7 Not used. This bit is always 0 flow►. 

Dg Control 
Mark 

CM During executing the READ DATA or SCAN 
Command, if the FDC encounters a Sector which 
contains a Deleted Data Address Mark, this 
flag is set. 

D5 Data Error in 
Data Field 

DD If the FDC detects a CRC error in the data field 
then this flag is set. 

Dq Wrong 
Cylinder 

WC This bit is related with the ND bit, and when the 
contents of C on the medium is different from 
that stored in the IDR, this flag is set 

D3 Scan Equal 
Hit 

SH During execution, the SCAN Command, if the 
condition of "equal" is satisfied, this flag is set. 

D2 Scan Not 
Satisfied 

SN During executing the SCAN Command, if the 
FDC cannot find a Sector on the cylinder which 
meets the condition, then this flag is set 

Dt Bad 
Cylinder 

BC This bit is related with the ND bit, and when the 
content of C on the medium is different from 
that stored in the IDR and the content of C is 
FF, then this flag is set. 

DO Missing 
Address Mark 
in Data Field 

MD When data is read from the medium, if the FDC 
cannot find a Data Address Mark or Deleted 
Data Address Mark, then this flag is set. 

STATUS REGISTER 3 

D7 Fault FT This bit is used to indicate the status of the 
Fault signal from the FDD. 

Dg Write 
Protected 

WP This bit is used to indicate the status of the 
Write Protected signal from the FDD. 

D5 Ready RY This bit is used to indicate the status of the 
Ready signal from the FDD. 

Dq Track 0 TO This bit is used to indicate the status of the 
Track 0 signal from the FDD. 

D3 Two Side TS This bit is used to indicate the status of the 
Two Side signal from the FDD. 

D2 Head Address HD This bit is used to indicate the status of Side 
Select signal to the FDD. 

DI Unit Select 1 US 1 This bit is used to indicate the status of the Unit 
Select t signal to the FDD. 

Dp Unit Select 0 US 0 This bit is used to indicate the status of the Unit 
Select 0 signal to the FDD. 

STATUS REGISTER 
IDENTIFICATION (CONY.) 
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NOTES 

It is suggested that you utilize the following applications notes: 

Q7 #8 —for an example of an actual interface, as well as a "theoretical" data 
separator. 

#10 — for a well documented example of a working phase lock loop. 

765 D S-REV 2-12-80. CAT 
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NEC Microcomputers, Inc. 

DOT MATRIX PRINTER CONTROLLER 

NBC 
µ PD781 

GESCR IPTION The µPD781 is an LSI Dot Matrix Printer Controller chip which contains all the 
circuitry and control functions for interfacing an 8-bit processor to the Epson model 
512, 522, and 542 Dot Matrix Printers. These printers are capable of printing 40 
columns per row with a 5 x 7 dot matrix. The µPD781 is ideally suited for low-cost 
Electronic Cash Registers (ECR)and Point of Sale (POS) systems because it frees 
the processor from direct control of the printer and simplifies I/O software. 

There are nine separate instructions which the µPD781 will execute. Each of these 
instructions requires only a single 8•bit byte from the processor to be executed. 
Upon receipt of the instruction the µPD781 assumes control of the printer, increments 
the print head, activates the print solenoids, performs line feed on either receipt or 
journal registers (or both), and performs these operations for an entire print line of 
40 columns. 

The µPD781 contains its own onboard character generator of 96 symbols. It con-
tains a 40 column printer buffer and is capable of supplying status information to the 
host processor on both the controller itself as well as the printer. Characters to be 
printed are written into the µPD781 by the processor, and after the receipt of 40 
characters the entire row is printed out with a single print command. 

F EATU R ES Compatible with most Microprocessors including 8080A, 8085A, µPD780 (Z80TM ) 
• Capable of Interfacing to Epson Model 512, 522, or 542 Printers 
• Print Technique — Serial Dot Matrix 
• Print Font — 5 x 7 Dot Matrix 
• Column Print Capacity: 40 Columns for Model 512 and 522; 18 Columns for 

Receipt and 18 Columns for Journal-Model 
• Buffer Capacity: 40 Columns — Model 512 and 522; 2 to 18 Columns — Model 542 
• 96 Character Set (Alphanumerics Plus Symbols) 
• Print Speed —Approximately 3 Lines/sec (Bidirectional Printing) 
• Paper Feed: Independent or Simultaneous; Receipt and Journal Feed; Fast Feed. 
• Stamp Drive Output — Also Cutter Drive Output and Slip Release for Model 522. 
• Sense Printer Status: Validation (Left/Right) Sensor — Model 512 and 522; TOF, 

BOF Sensor — Model 542; Low Paper Detector — Model 512 and 522 
• On-Board 6 MHz Osciliator (External Crystal Required) 
• Operates from a Single+5V Power Supply (NMOS Technology) 
• Available in 40-Pin Plastic Package 

PIN CONFIGURATION 
RL 
X1 
X2 

RESET 

VCC3 
CS 

VSS2 
RD 
C/D 
WR 

OPEN1 
Dp 
D1 
D2 
Dg 
Dp 
D5 
D6 
D7 

VSS1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
i6 
17 
18 
19 
20 

ao 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

28 
27 
26 
25 
24 
23 
22 
21 

~cc1 
RR 
TIM 
PR7 
PRg 
RP 5 
PFR 
PFJ 
STM 
SLR 
TM D 
NE 
V D L/TO F 
V DR/80F 
VCC2 
OPEN2 
1~q 
PR3 
PR2 
~t 

PIN NAMES 
RL Reset Signal IL1 
RR Reset Signal IRI 
X1,X2 Crystal Inputs 
RESET Reset 
ZS Chip Select 
RD Read 
C/D Command/Data 
WR Write 
D0-7 Data Bus 
PR1-Pt't7 Print Solenoids 
VDR/BOF Validation (RI/BOF Sensor 
VDL/TOF ValidationlLl/TOP Sensor 
N E Low Paper Detector 
t~D Motor Drive 

Slip Release 
§Tta Stamp 
PFJ Paper Feed Journal 
PFR Paper Feed Receipt 

Timing Signal 

TM: Z80 is a registered trademark of Zilog, Inc. 
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BLOCK DIAGRAM 
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PIN 
I/O FUNCTION 

NUMBER SYMBOL NAME 

2, 3 X1,X2 External 
Crystal 
Input 

I This is a connection to external crystal 
(Frequency: 6 MHz). X1 could also be 
used as input for external oscillator. 

4 RESET Reset I The Reset signal initializes the µPD781. 
When RESET = 0, the buffer and register 
contents are: 

Bus Buffer — (IOM-1, 108=PSR=01. 
Column Buffer —All characters in this 

buffer become 201161 (ASCI 11. 
Column Buffer Pointer — It indicates 

the left side of the buffer. 
Column Capacity — 40 columns. 
Print Head —Current Position. 

6 CS Chip Select I If the Chip Select is 0 when the data bus 
becomes active, it enables the transfer of 
data between the processor and the 
µPD781 via the data bus. If it is 1, the 
data bus goes into High-Impedance state 
(inactivel. However, the operation of the 
printer is not affected when ~=1. 

8 RD Read I The Read Control Signal is used to read 
controller status or printer status to the 
host processor. When RD=1, status infor-
mation is presented. 

10 WR Write I The Write Control Signal is used to write 
commands or print data to the µPD781. 
Wheri WR=O, data on the data bus is writ-
ten into the µPD781. 

9 C/D Command/ 
Data Select 

I The C/D Select is used to indicate what 
kind of data is being input/output on the 
data bus by the host processor. When 
C/D=1 in Read Operation, it is a Controller 
Status and in Write Operation it gives 
commands. When C/D=0 in Read Opera-
tion it is a Printer Status and in Write 
Operation it is print data. 

PIN IDENTIFICATION 



µ PD781 
PIN IDENTIFICATION 

(CONY.) 
PIN 

1/O FUNCTION 
NUMBER SYMBOL NAME 

12-19 D0.7 Data Bus I/O 
3-State 

It is an 8-bit bidirectional data bus and is 
used to transfer the data between the host 
processor and the µPD781. 

5,26, 
40 

VCC1-3 DC Power These are connected to +5V power supply. 

7,20 V8S1_2 Signal 
Ground 

11,25 OPEN 1.2 No 
Connection 

These pins must be open. Do not connect 
them to +5V, GND or any other signals. 

21-24, 
35-37 

PR1-PR7 Print 
Solenoid 

0 These are drive signals for the print 
solenoids. When these signals are 0, the print 
solenoid should he activated. They are syn-
chronized with the timing signal (TIM , 
which is issued from the printer. 

38 TIM Timing 
Signal 

I The timing signal is issued from the printer. 
It is used to generate and synchronize all the 
basic printer operations such as paper feed, 
paper cut, etc. 

1 RL Reset Signal 
Left 

I The reset signal IRL=11 is issued by the 
printer and indicates that the print-head is 
positioned at the left margin. 

39 RR Reset Signal 
Right 

I The reset signal iRR=1) is issued by the 
printer and indicates that the print-head is 
positioned at the right margin. 

30 MTD Motor Drive 0 The motor drive signal is issued to the 
printer, and is active during low state. 

34 PFR Paper Feed 
Receipt 

O 

- 

This is the drive signal for the paper feed 
magnet and is active during low state. In 
Model 512~and 542 it is used as a paper feed 
magnet drive signal, and in Model 522 it is 
used as a receipt paper feed magnet drive 
signal. 

33 PFJ Paper Feed 
Journal 

O This is the drive signal for the journal paper 
feed and is active during low state. It is used 
only with Model 522, and is not used at all 
in Model 512 and 542. 

32 STM Stamp 0 This is the drive signal for both the stamp 
magnet and the paper cutter and is active 
during the low state. This signal is used only 
with Model 522. If partialcut or stamp and 
fullcut are required, they may be imple-
mented by using the Fast Feed command 
which is synchronized with each timing pulse 
before it is output. This signal is not used in 
the Model 512 and 542. 

31 SLR Slip 
Release 

O This is the drive signal for the slip release 
magnet and is active during low state. It is 
used only with Model 542, and is active only 
during the Print command or Fast Feed com-
mand. This signal is not used in the Model 
512 and 522. 

27 VDRiBOF Validation 
Right/BOF 

Sensor ~ 

I In Model 512 and522,theValidationRight 
signal (VDR) is used to detect when the 
print-head is located at the right side of the 
paper. In Model 542, the BOF Sensor signal 
(BOF) is used to detect the end of the paper. 

28 VDL/TOF Validation 
Left/TOF 
Sensor ~ 

I In Model 512 and 522, the Validation Left 
signal (VDL) is used to detect when the 
print-head is located at the left side of the 
pa Der. In Model 542, the TOF Sensor signal 
(TOF) is used to detect the top of the paper. 

29 NE Low Paper 
Detector Ot

I This signal is used to indicate a low paper 
condition and is active in high state. 

Note: O1  The VDR/BOF, VDL!TOF and NE signals are available on the data bus when a Printer 
Status is requested by the host processor. The µPD781 passes these signals onto the 
host processor. 
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µ PD781 
Operating Temperature   0°C to+70°C ABSOLUTE MAXIMUM 
Storage Temperature   -65°C to+125°C RATINGS` 
Voltage On Any Pin   -0.5 to +7 VoltsO 

Note: Q1  With Respect to Ground. 

COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

`Ta = 25°C 

Ta = 0°C to +70°C; VCC1-3 =+5V ~ 5%; V331-2 = OV 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN TYP MAX 

Input High Voltage 
(All except XTAL 1, 

VIH1 2.0 VCC V 

XTAL 2, RESET) 

Input High Voltage 
(XTAL 1, XTAL 2, 
RESET) 

VIH2 3.5 VCC V 

Input Low Voltage 
(All except XTAL 1, 
XTAL 21 

VIL -0.5 0.8 V 

Output High 
Voltage IDO-~) 

VOH1 2.4 V IOF{ _-400µA 

Output High Voltage 
(All Other Outputs) 

VOH2 2.4 V IOH = -50 µA 
_ _ 

Output Low Voltage 
(D0-7) 

VOL1 0.45 V IOL = 2.0 mA 

Output Low Voltage 
(All Other Outputs 
except D0-7) 

VOL2 0.45 V IOL = 1.6 mA 

Low Input Source 
Current (VDR/BOF, 
VDL/TOF, NE, TIM) 

ILI1 0.4 mA VIL = 0.8V 

Low Input Source I ~ 12 •0.2 mA VIL = 0.8V 
Current (RESET) 
Input Leakage 
Current IRL, RR, 
RD, iNR, CS, C/DI 

IIL 't10 µA VSS~VIN~VCC 

Output Leakage 
Current (DO-~, High 
Impedance State) 

IOL *10 µA VSS+0.455VIN~VCC 

Total Supply 
Current ( ICC1 + 
ICC2 + ICC3)

ICC 65 135 mA Ta = 25°C 

DC CHARACTERISTICS 
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AC CHARACTERISTICS Ta =O°C to70°C;VCC1-3=+5Vt5%;vss1-z=ov 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST 
CONDITIONS MINI TYP ~ MAX 

READ OPERATION 

CS, C/D Setup to RD 1 tAR 0 ns 

D0_7 Input 

CS, C/D Hold After RD 1 tRq 0 ns 

RD Pulse Width tRR 250 5000 ns 

CS, C/D to Data Out Delay tqp 180 ns 

RD 1 to Data Out Delay tRp 180 ns 

RD1 to Data Float Delay tpF 
10 

100 
ns 

ns 

Recovery Time Between Reads 
And/Or Write 

tRV 1 µs 

WRITE OPERATION 

~$, C/D Setup to WR 1 tgyy 0 ns 

D0_7 Output 

CL=100pF 

CS, C/D Hold After WR t tyfq 0 ns 

WR Pulse Width ty,/y,/ 250 5000 ns 

Data Setup to WR T tpW 150 ns 

Data Hold After WR 1 tyyp 0 ns 

PRINT OPERATION 

TIM 1 to PR1_7 5 Delay tTp 167.5 µs 

6 MHz Crystal 

PR1_7 Pulse Width tpp 600 µs 

TIM 1 to PFJ, PFR :Delay tTFi 140 µs 

TIM 1 to PFJ, PFR 1 Delay tTF2 127'5 µs 

TIM l to SLR :Delay tTR1 60 µs 

TIM l to SLR t Delay tTR2 50 µs 

TIM 1 to STM 1 Delay t7S1 72.5 µs 

TIM l to TS M t Delay tT82 37.5 µs 

PACKAGE OUTLINE 
µPD781C 

r A 

—.- =—_r. 
I H 

"tBl— 

~~--~nn^ -~~-̂  ~~ C
u U~U t J E

ITEM MILLIMETEa6 INCHES 

A 51.5 MAX 2.028 MA% 

B 1.62 0.066 

L 2.Sd X0.1 O.tOx 0.000 
o 

_ 
I 

0
.. o.00a 

E 16.26 1.919
F 1.1 MIN 0.01J MIN 

G 2.51 MIN 0.10 MIN 

FI 0.5 MiN 0.019 MIN 
7 5.22 Mq% 0.206 MA% 
J 5.]2 MA% 0.225 MqX 
K 15.21 0.600 
L 13.I 0.520 

a 0./ a 0.001 
M 0.25 

0.05 
0.010 

- 0.002 

L̂ J ̀ J J U J 
I
N T G+

D  I 

A 7 



~. POTa~ 

READ OPERATION TIMING WAVEFORMS 

C$ OR GD 

RD 

DATA BUS 
IDDTPUTI 

IS~STEM'S 
ADDRESS BUST 

(READ CONTRO LI 

WRITE OPERATION 

L`$ OR C/D~ 

WR 

DATA BUS 

(INPUT) 

TIM 

PR ~ ~PR ~ 

SAW 

ATA 
MAV CHANGE 

WA 
~WW 

PFJ, PFR y -

SLR 

STM 

WD 
F~DW

DA 
MAV RANGE 

PRINT OPERATION 

LTP~ 
r iPP~~ 

TF~ 

ISVSTEM'S 
ADDRESS BUS( 

(WRITE CONTROL( 

~TF2-~ 

~~TR7 

~TS1 

iTR2~ 

r 
r 

~TS2 -~~ 



~,PD781 

COMMANDS All transfer of information between the µPD781 and the host processor is via the data 
bus, and th'e four (41 control signals, CS, C/D, b~!R and RD. The four control signals 
determine what type of data transfer will occur on the data bus. 

CS C/D RD N!R DATA BUS OPERATION 

0 0 0 0 — Inhibited 

0 0 1 0 Print Data Write Data into Column Buffer 

0 0 0 1 Printer Status Read Printer Status 

0 0 1 1 — No Operation 

0 1 0 0 — Inhibited 

0 1 1 0 Command Write Command for Printer 

0 1 0 1 Controller Status Read Controller Status 

0 1 1 1 — No Operation 

1 X X X — Disable µPD781 

Before is uing any new command or loading new data into the column buffer, the host 
processo should check the controller status bits IOM, 108 and PSR. No new opera-
tion should be performed if IOB bit indicates that the µPD781 is busy. 

Controller Status Register 

X X X X X IOM 108 PS R 

Printer Status Register 

X X X X R S T U 

` COMMAND 

DATA BUS 

D67 DBg D65 DBq DB3 D62 DB1 DBO 

Initialize 0 0 0 L/R x x x x 

Request Printer Status 0 0 1 x x x x x 

Printer Format 0 1 bt b0 x x x x 

increment Column Printer 0 1 1 1 n3 n2 n1 n0 

Print 
Model 512 and 542 1 0 0 0 x LF x SR 

Model 522 1 0 a1 a0 LFJ LFR x x 

Fast Feed 1 1 c1 c0 n3 n2 n1 n0 

Write Print Data x dg d5 dq d3 dy d1 d0 

Note: X =Not Acceptable 
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CONTROLLER STATUS REGISTER COM~~AND SYMBOLS 
(CONY.) 

IOM —Input/Output Buffer Mode 

The IOM flag indicates the direction of data on the data bus. If IOM=1 data is from 
processor to µPD781 (write into µPD7811. If IOM=O data is from µPD781 to 
processor (read from µPD781). Immediately after reading printer status, IOM goes 
from 0 to 1. 

IOB —Input/Output Buffer Busy 

The 106 flag indicates when the I/O buffer is busy and an operation is in process. If 
IOB=1 I/O buffer is busy and no new command should be performed. If 106=0 
µPD781 is ready to accept new command. 

PSR —Printer Status Ready 

The PSR flag indicates that the printer status may be read by the processor. If 

PSR=1 printer status is ready to be read by processor. If PSR=O printer status is not 

ready. 

PRINTER STATUS REGISTER 

R —Location of Print Head 

R=1 Print Head located at left side of carriage. 
R=0 Print Head located at right side of carriage. 

R S O1 T O1 U O OPERATION 

x x x 1 Detection of R/BOF Sensor 

x x 1 x Detection of L/TOF Sensor 

x 1 x x Detection of Low Paper (NE) 

Note: Q1  These bits could have other meanings depending on the signals 
connected to pins 27, 28, 29. 

INITIALIZE COMMAND 

This command is similar to the RESET command, but it also allows to position the 
print head. 

L/R —Print Head Left/Right Side 

L/R=1 Print Head is positioned at the left side. 
L/R=0 Print Head is positioned at the right side. 

Contents of column buffer is set to 20 hexadecimal (equal to blankl, reset condition. 

REQUEST PRINTER STATUS COMMAND 

This command will latch the status of the printer in the internal register. It must be 
followed by a Printer Status Read Operation. No other command will be accepted 
until the printer status is read. 
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COMMAND SYMBOLS PRINTER FORMAT COMMAND 
(CONY.) This command sets the controller for the appropriate printer model. 

b1,b0 —Format for Column Buffer 

b1 b0 COLUMN FORMAT MODEL PRINTER COMMENTS 

0 0 40 columns 512 or 542 Column Buffer Set at 
40 Column 

0 1 18 columns 522 Both Receipt and 
Journal Print Identical 
18 Column 

1 0 2 x 18 columns 522 Receipt and Journal 
Print Separate 18 
Columns, With 
Receipt First and 
Journal Second 

INCREMENTCOLUMN POINTER COMMAND 

The column pointer within the buffer is incremented to the right by the binary 
value indicated by n0 through n3. In the case of the 2 x 18 column format for the 
Model 522, the pointer can only move within the receipt or journal side, depending 
upon which side it is presently located. 

PRINT COMMAND 

The entire column buffer is printed and after the print operation is complete the 
contents of the buffer are reset to 20 hexidecimal (blank). During the execution 
of the print command no other commands are executed. 

Models 512 and 542 

LF SR OPERATION 

0 0 Print Only 

0 1 After Printing Perform Slip Release Only 

1 0 After Printing Perform Line Feed Only 

1 1 After Printing Perform Both Line Feed and Slip Release 

Model 522 

a1 ap OPERATION 

0 

1

1 Print Receipt Only 

1 0 Print Journal Only 

1 1 Print Receipt and Journal 

Model 522 

l LFJ LFR OPERATION 

0 0 Print Only 

0 1 After Printing Perform Line Feed on Receipt Only 

1 0 After Printing Perform Line Feed on Journal Only 

1 1 After Printing Perform Line Feed on Both Receipt and Journal 

FAST FEED COMMAND 
The binary number indicated by n0 through nB determines the number of continuous 
line feeds which will be performed. After the last line feed, the contents of the column 
buffer is reset to 20 hexadecimal (blank). During this operation no other commands 
are accepted. 

c1 c0 OPERATION MODEL 

0 0 Performs Fast Feed Only 512,522,542 

0 1 After Fast Feed, Perform Partial Cut 522 

1 0 After Fast Feed, Perform Stamp and Full Cut 522 

1 1 After Fast Feed, Perform Slip Release 542 
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µ PD781 
WRITE PRINT DATA COMMAND 

After each character is written into the column buffer, the column printer is incre-

mented by one. Do not exceed the column capacity defined in the printer format 

command. The following table defines the relationship between print data (d0 through 

dg) and the character set. 

(MSB) 
dg 

0 0 1 1 1 1 

d5 1 1 0 0 1 1 

dq 0 1 0 1 0 1 

d3 dy d~ 
(LSBI 

d0 2 3 4 55

0

6 

8°

7

°Q 

0 0 0 ~ f ~ °& 8 8 "m~ 

0 0 0 2 ~~ ~ Ee ~a °~° ~~~ 
0 0 1 1 3 

~ 
~~ e~ ~ ~'° 

0 1 0 0 4 ~ ~o@ ~

H

~ }° 

0 , 0 , 5 
®o ~~ ~ E ° 

o , , o s ~ ~ ~°° ~ 

1 0 0 0 8 ~ a~ ~ e°°°a °~ 

1 0 0 1 9 ~ e~ ~° ~ °~ 

1 0 1 0 A e*o 
° 

m~ e~ ~ ~ °°~ 

1 0 1 1 B ~ ~ ~'~° ®@ °~°~ 

1 1 0 0 C ~ ° e ~ ~

og

~ ~~ 

1 t 0 1 D ~ r e~ ~ @.8 
~ 

° °°s 

1 1 1 0 E ~ ~ ~°°~ ~°°° `~ 

1 1 1 1 F ° ~ a ~~~ ® 
am 

~ ®@ 

COMMAND SYMBOLS 

(CONY.) 
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OPERATING PROCEDURES NrPD781 

108=1 

Reset 

I nitiaiize 
commanes 

NO 

Read B s Buffer 
Status 

Data Format 
Commantl 

Read B s Buffer 
Status 

Write Print Data 

NO 

108=1 

s 

Read Bus Buffe 
Status 

Print Command 

End J

Power-on Reset 

Initialize the µPD781. (Reset the Column Buffer and set the Print-Head at the left/ 
right side.l 

Check the Bus Buffer Status. 

Indicate the format of the Column Buffer. (40 columns, 18 columns x 1, 
18 columns x 2.1 

Check the Bus Buffer Status. 

Write up to maximum number of characters into the column buffer. 

Check the Bus Buffer Status. 

Print the entire contents of the column buffer. Indicate "Line Feed" or "Slip 
Release." 

psi Dst z-sac.aT 
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NEC Microcomputers, Inc, 
~~ 

DOT MATRIX PRINTER CONTROLLER 

0 

NEC 
µPD782 

~,01~._ ~.~~~ 

DESCRIPTION The µPD782 is an LSI Dot Matrix Printer Control ler chip which contains all the circuitry and con-
trol functions for interfacing an 8-bit processor to the Epson Model 210, 220 and 240 Dot Matrix 
Printers. These printers are capable of printing up to 31 columns per row with 7 x 7 dot matrix. 
The µPD782 is ideally suited for lowtost Electronic Cash Registers (ECR) and Point of Sale IPOSI 
systems because it frees the processor from direct control of the printer and simplifies IIO software. 

There are nine separate instructions, which the µPD782 will execute. Each of these instructions 
requires a single 8•bit byte from the processor to be executed. Upon receipt of the instruction, the 
µPD782 assumes the control of the printer, increments the position of the print head, activates the 
print solenoids, performs line feeds in either receipt or journal mode (or bothl, and performs all 
these operations for an entire print line. 

The µPD782 contains its own on-board character generator of 96 symbols. It contains a 31 column 
printer buffer and is capable of supplying status information to the host processor on both the 
controller itself as well as the printer. After the character buffer is loaded from the host processor 
the entire row is printed out with a single print command. 

FEATURES • Compatible with most Microprocessors Including 8080A, 8085A, Z-80TH and others 
• Capable of Interfacing to Epson Model 210, 210S, 220 and 240 Printers 
• Print Technique —Serial Dot Matrix 
• Print Font — 7 x 7 Dot Matrix 
• Cofumn Print Capacity 

— Model 210 ~— 31 Characters with 1 Dot Spacing; 26 Characters with 2 Dot Spacing 
— Model 210S — 28 Characters with 1 Dot Spacing; 23 Characters with 2 Dot Spacing 
— Model 220 — 14 + 14 Characters in Receipt/Journal Mode; 31 Characters in Normal Mode 
— Model 240 — 31 Characters 

• 96 Character Set (Alphanumerics Plus Symbols) 
• Print Speed —Approximately 3 Lines/Sec. 
• Paper Feed Receipt and Journal; Fast Feed 
• Paper Release and Ink Ribbon Change-Over Outputs 
• Motor Error and Write Request Interrupt 
• On-Board 6 MHz Oscillator (External Crystal Required) 
• Operates from a Single +5V Power Supply (NMOS Technology) 
• Available in 40 Pin Plastic Package 

PIN CONFIGURATION RIND 1 ao ] ~cc1 
X1 [ 2 39 ]TIM 

X2 [ 3 38 ]MTD 

RESET[ 4 37 ]PR7 

VCC3 [ 5 36 FR6 

CS [ 6 35 ] PR5 

VSS2 [ 7 34 ]VDR/TOF 

RD[ g 33 ] V DJ/TOB 

C/D [ g 32 ENE 

wR[10 µPD782 31 ]PFR 

OPEN1 [ 11 30 ]PFJ 

DO [ 12 29 ] RBNlPRS 

D1[13 28 ]STM 

D2 [ 14 27 ] I NT 

D3 [ 15 26 VCC2 
Dq [ 16 25 ] OPEN2 

05 C n za ,~ PRa 

D6 [ 18 23 J PR3
D7 C 19 22 PR2 

VSS1 C 20 21 ~PR1 

PIN NAMES 

RIN Reset In 

X1 X2 Crystal Inputs 

RESET Reset 

VCC1-3 DC Power 

V381-2 Signal Ground 

CS Chip Select 

RD Read 

C/D CommandlData 

WR Write 

OPEN1-2 No Connection 

DO-D7 Data Bus 

PR1-PR7 Print Solenoids 

INT Interrupt 

STM Stamp 

RBN/PRS Ribbon/Paper Release 

PFJ Paper Feed Journal 

PFR Paper Feed Receipt 
NE Low Paper Detector 
VDJ/BOF Validation J/BOF Sensor 
VDR/BOF Validation R/BOT Sensor 
MTD Motor Drive 
TIM Timing Signal 

TM: Z$0 is a registered trademark of Zilog, Inc. 455 



Ec PD782 

D0~7 

CS 

C/D 

NR 

INT 

7 

BUS BUFFER 
STATUS 
REGISTER 

DATA 
BUS 

BUFFER 

READ/ 
WRITE 

ANTROL 

PATTERN 
ROM 

S' 
CONTanL LER 

BLOCK DIAGRAM 
DATA 

eVFFER 

DATA 
BUFFER 
POINTER 

PRINT 
DATA 
BUFFER 

MTD ~~ —r 

PFJ ~y 
CONTROL 
DATA T PFR 

RBN/PRS BUFFER 

TIMING STM 
INTERRUPT 
GENERATOR 

V DR/TOF 
VDJ/sOF  SENSOR 

RUFFER 

T MING 
NE 

GENERATOR 

RIN 
TIMING 
BUFFER TIM 

PIN 
I/O FUNCTION 

NUMBER SYMBOL NAME 

1 RIN Reset In I This pin should be connected to the R 
Senso. from the printer so that it is active-
low. 

2,3 X f ,X2 External 
Crystal 
Input 

I This is a connection to external crystal 
(Frequency: 6 MHz). Xt could also be used 
as input for external oscillator. 

4 RESET Reset I The Reset signal initializes the µPD782 
When RESET = 0, the buffer and register 
contents are: 

Bus Buffer — (IOM-7, IOB=PSR=01. 
Column Buffer —All characters in this 
buffer become 20116) 

Column Buffer Pointer — It indicates 
the left side of the buffer. 

5, 26 
40 

V
CC1-3 

DC Power These are connected to +5V power supply. 

6 CS Chip 
Select 

I If the Chip Select is 0 when the data bus 
becomes active, it enables the transfer of 
data between the processor and the 
µPD782 via the data bus. If it is 1, the 
data bus goes into High-Impedance state 
(inactivel. However, the operation of the 
printer is not affected when CS=1. 

7,20 V
SSt-2 

Signal 
Ground 

8 RD Read I -The Read Control Signal is used to read 
controller status or printer status to the 
host processor. When RD = 0, status infor-
mation is presented. 

9 C/D Command/ 
Data Select 

I The C/D Select is used to indicate what 
kind of data is being input/output on the 
data bus by the host processor. When 
C/D=1 in Read Operation, it is a Controller 
Status and in Write Operation it gives com-
mands. When C/D=0 in Read Operation it 
is a Printer Status and in Write Operation 
it is print data. 

PIN IDENTIFICATION 
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µPD782 
PIN IDENTIFICATION 

(CONT.1 
PIN 

I/O FUNCTION 
NUMBER SYMBOL NAME 

10 WR Write I The Write Control Signal is used to write 
commands or print data to the µPD782. 
When WR=O, data on the data bus is writ-
ten into the µPD782. 

12-19 DO 7 Data Bus I/O 
3-State 

It is an 8-bit bi-directional data bus and is 
used to transfer the data between the host 
processor and the µPD782. 

11,25 OPEN1 2 No 
Connection 

These pins must be open. Do not connect 
them to +5V, GND or any other signals. 

21-24, 
35-37 

PR1-PR7 Print 
Solenoid 

0 These are drive signals for the print 
solenoids. When these signals are 0, the print 
solenoid should be activated. They are syn-
chronized with the timing signal (TIMI, 
which is issued from the printer. 

39 TIM Timing 
Signal 

I The timing signal is issued from the printer. 
It is used to generate and synchronize all the 
basic printer operations such as paper feed, 
paper cut, etc. 

27 INT Interrupt O There are two reasons for this signal to go low. 
One is when the µPD782 is ready to receive 
data into the Data Buffer. It gets reset after 
the first byte of data is loaded. The other 
reason is the motor error during the printing 
or line feed. It will get set if the paper is 
jammed or if the print solenoid is kept on 
for more than 20 ms. It gets clear by the 
initialize command. 

28 $TM Stamp O Stamp output for Model M-220 Drinter. 
After the stamp command is given, this 
signal goes low for 200 ms. 

29 RBN/PBS Ribbon/ 
Paper 
Release 

O This is low active signal. For Model 210 
and 2105 it will select red ribbon. For Model 
240 it will cause slip release. It is activated 
by print command. 

30 PFJ Paper 
Feed 
Journal 

O This is the drive signal for the journal paper 
feed for Model 220 and for normal paper 
feed for other models. It is a low active 
signal. 

31 PFR Paper 
Feed 
Receipt 

0 This is the drive signal for the receipt paper 
feed for Model 220 and should be left open 
for other models. 

32 NE Low 
Paper 
Detector 

I This signal indicates a low paper condition 
in Model 220 and is active high. 

33,34 V DR/TOF 
VDJ/TOB 

Validation 
Sensors 

I These signals indicate the position of the 
print head in the printer. 

For Model 220 —right and left position. 
For Model 240 —top and bottom. 

38 MTD Motor 
Drive 

O This signal activates the motor in the 
printer and is active low. 
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µPD782 
Operating Temperature   0°C to +70°C ABSOLUTE MAXIPAUM 
Storage Temperature   65° C to +125° C RATINGS*

Voltage On Any Pin   -0.5 to +7 Volts 

Note: Q1  With Respect to Ground. 

COMMENT: Stresses above those Ilsted under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

'Ta = 25°C 

Ta = 0°C to +70°C; VCC1-3 = +5V ` 5%; VSS1-2 = OV 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN TYP MAX 

Input High Voltage 
(All except XTAL 1, 

V1H1 2.0 VCC V 

XTAL 2, RESETI 

Input High Voltage 
(XTAL 1, XTAL 2, 
RESETI 

VIH2 3.5 VCC V 

Input Low Voltage 
(All except XTAL 1, 
XTAL 21 

VIL -0.5 0.8 V 

Output High 
Voltage (Dp-~) 

VO1.{1 2.4 V 101..1 =-400µA 

Output High Voltage 
IAII Other Outputs) 

V0H2 2 4 V IOH = -50 µA 

Output Low Voltage 
(Dp-~) 

VOL1 0.45 V I0L = 2.0 mA 

Output Low Voltage 
(All Other Outputs 
except Dp-~) 

VOL2 0.45 V IOL = 1.6 mA 

LowlnputSource 
Current (VDR/BOF, 
VDL/TOF, NE, TIM) 

ILI1 0.4 mA VIL=0.8V 

LowlnputSource IL12 '0.2 mA VIL=0.8V 
Current (RESET) 

Input Leakage 
Current (RL, RR, 
RD, WR, CS, C/DI 

IIL +10 µA VSS ~ VIN ~ VCC 

Output Leakage 
Current ID0_7, High 
Impedance State) 

I0L z10 µA VSS+0.455VIN~VCC 

Total Supply 
Current IICC1 + 
ICC2 + ICC31

ICC 65 135 mA Ta = 25°C 

H 

fI

~8 

A 

"IF 

rr_ T-

- j C I—

 — 

~J 
nnnrl"~

I

U tl U L 

D 

~ 

tl

E 

QJO 

I 
1 ~J 

1G M 

p` — 15`'' 

ITEM MILLIMETERS INCNES 

A 51.5 MA% 2.028 Mq% 

F 162 0064 

c zsa , of o.lo - o.00d 
0 os-ol aal9~oo04 
E 48 26 1.9 

2 MIN 000)MIN 

G 2. Sl MIN 0.10 MIN 

M 0.5 MIN 0.019 MIN 

I 5.21 MAx 0.206 MqX 
~ 5.J2 MA% 0.225 MAx 

K 15.24 0.600 

L I].2 0.520 

M O.IS 0.010 ~ 
0.004 

0.05 0.002 

DC CHARACTERISTICS 

PACKAGE OUTLINE 
µPD782C 



N.PD782 
AC CHARACTERISTICS Ta =O°C to70°C;VCC1.3-+5V~5ss;vssl-z=ov 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN I TYP I MAX 

READ OPERATION 

CS, C/D Setup to RD 1 tAR 0 ns 

D0_7 Input 

CS, C/D Hold After RD t tqA 0 ns 

RD Pulse Width tRR 250 5000 ns 

CS, C/D to Data Out Delay tqp 180 ns 

RD 1 to Data Out Delay tqp 180 ns 

RD t to Data Float Delay tpF 10 
100 

ns 
ns 

Recovery Time Between Reads 
And/Or Write 

tR V 1 µs 

WRITE OPERATION 

CS, C/D Setup to WR 1 tgyy 0 ns 

O0_7 Output 

CL = 100 pF 

CS, C/D Hold After WR i tyyq 0 ns 

WR Pulse Width tyyyy 250 5000 ns 

Data Setup to WR t ipy,/ 150 ns 

Data Hold After WR t tyyp 0 ns 

PRINT OPERATION 

RR IN 1 to T1 preset Time tp{T 140 µs 

6 MHz 

Crystal 

TIM 1 to PR1_7 i Delay tTp 40 50 µs 

RBN 1 to MTD 1 Delay tpiM 5 µs 

RIN l to RBN t Delay tRRBN 10 15 µs 

TIM 1 to FP J, PFR t Delay tTF 135 500 µs 

TIM 1 to SLR I Delay tTR 365 385 µs 

RIN l to STM 1 Delay tRg 12.5 µs 

T725 1 to STM t Delay tTg 42.5 µs 

Stamp Time tSTM 150.03 200.03 ms 

TIM 1 to MTD t tTM 510 µs 

TIMING WAVEFORMS READ OPERATION 

CS OR C/D 

tR V 
AR tRR 

_ f tRA ~, 

RD 7~ 

H tRD tDF 

t—t AD 
DATA VALID DATA BUS 

IOUTI 

WRITE OPERATION 

CS OR C/D 

A tWW _ ~ tWA 

WR 

tWD tDW 
f~~ ~► 

DATA BUS 
DATA MAY CHANGE xDATA 

(IN) 
VALID DATA MAY CHANGE 
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MTD 

RIN 

RBN 

ir M 

TIM 

RR1 - PR T

PFJ, PFR 

SLR 

RIN 

TIM 

STM 

nnro 

PRINT OPERATION 

I\ n i 1 
u J l~ 

-►~ ~ ->•- ~ 1RReN 

T1 T2 T3

U 1_/ U 'rJ 1..I LJ 

f 'Rr 

LINE FEED OPERATION 

STAMP OPERATION 

~ J ~J _ _ 

T1 ~ T2 T124 T725 T126 

~~ LJ 

f - 'RS ~'7S

'STM 

MOTOR ENABLE 

TIP!! ING WAVEFORMS 
(CONY.) 
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µPD782 

COMMANDS All transfer of information between the µPD782 and the host processor is via the data bus, and the 
four 141 control signals, CS, C/D, WR and RD. The four control signals determine what type of 
data transfer will occur on the data bus. 

CS C/D RD NIR DATA BUS OPERATION 

0 0 0 0 — Inhibited 

0 0 1 0 Print Data Write Data into Column Buffer 

0 0 0 1 Printer Status Read Printer Status 

0 0 1 1 — No Operation 

0 1 0 0 — Inhibited 

0 1 1 0 Command N/rite Command for Printer 

0 1 0 1 Controller Status Read Controller Status 

0 1 1 1 — No Operation 

1 X X X — Disable upD782 

Before issuing any new command or loading new data into the column buffer, the host processor 
should check the controller status bits IOM, 106 and PSR. No new operation should be performed 
if 106 bit indicates [hat the µPD782 is busy. 

CONTROLLER STATUS REGISTER 

COMMAND DESCRIPTI(1N 

X X X X X IoM IOB i PSR 

PRINTER STATUS REGISTER 

s T V X X X X hA 

COMMAND 
DATA BUS 

D67 DB6 DB5 DBq D63 D62 DBE DBO 

Initialize 0 0 0 1 0 0 0 0 

Request Punter Status 0 0 0 0 X X X X 

Printer Format 0 1 a bq bg b2 b~ b0 

Increment Column 
Printer 

0 0 1 nq ng n2 n~ np 

Print 1 0 LFJ LFR X R ST SL 

Fast Feed 1 1 k1 k0 m3 m2 m1 m0 

1~!rite Print Data X d6 d5 dq d3 d2 d1 dp 

Note: X =Don't Care 
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CONTROLLER STATUS REGISTER COMMAND DESCRIPTION 

(CONY.) 

IOM —Input/Output Buffet Mode 

The IOM flag indicates the direction of data on the data bus. If IOM=t data is from processor 
to µPD782 (write into µPD7821. If IOM=O data is from µPD782 to processor (read from 
µPD7821. Immediately after reading printer status, IOM goes from 0 to i. 

106 —Input/Output Buffer Busy 

The 108 flag indicates when the Ii0 buffer is busy and an operation is in process. If 106=1 I!O 
buffer is busy and no new command should be performed. If 106=0 µPD782 is ready to accept 
new command. 

PSR —Printer Status Ready 

The PSR flag indicates that the printer status may be read by the processor. If PSR=1 printer 
status is ready to be read by processor. If PSR=O printer status is not ready. 

PRINTER STATUS REGISTER 

S T V M OPERATION 

1 X X X Status of the input pin 34 

X 1 X X Status of the input pin 33 

X X 1 X Status of the input pin 32 

X X X 1 ~Aotor Error —µPD782 will suspend 
output to PR1-PR7 solenoids and 
turn the motor off. Cleared by the 

initialize command. 

INITIALIZE COMMAND 

This command is the same as RESET signal. It clears the Data Buffer Iset to blank 2081, set the 
Data Buffer Pointer to the left side. It also resets the motor error flag, and clears interrupt. 

REQUEST PRINTER STATUS COMMAND 

This command will latch the status of the input pins 32, 33 and 34 in the Printer Status Register. It 
must be followed by a Printer Status Read Operation. No other command will be accepted until the 
printer status is read. 

PRINTER FORMAT COMPAAND 

This command sets the controller for the appropriate printer model and controls the format and 
timing of printing and line feed for different models of Epson printer. It should be issued after 
initialize command but before any other command. 

a = 0 — 1 dot spacing between characters 
a = 1 -- 2 dot sparing between characters —only for Model 21 O and 21 OS 

hq b3 b2 b1 by MODEL PRINTER 

1 1 1 1 0 M-210 

1 1 1 0 1 M-210S 

0 1 0 1 1 M-220-Journal/Receipt mode114 + 14 characters) 

1 1 0 1 1 M-220 -One line print (31 characters) 

1 0 1 1 1 M-240 
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µ PD782 
COM~nAND DESCRIPTION INCREMENT DATA BUFFER POINTER COMMAND 

(CONY.) 
The Data Buffer Pointer is incremented to the right by the binary value indicated by n0 through 
nq. In case of Model 220 in journal/receipt mode the pointer can only move within the receipt or 
journal side depending upon which side it is presently located. 

PRINT COMRrIAND 

The entire Data Buffer is printed and after the print operation is completed the contents of the 
buffer are reset to 20H Iblankl. During the execution of the print command no other commands 
are allowed. 

Model 220 

LFJ LFR OPERATION 

0 0 After printing both receipt or journal line feed 

0 1 After print performs line feed on receipt side only 

1 0 After print performs line feed on journal side only 

1 1 Print only 

ST 

1 No stamp 

0 The receipt side performs line feed 11 times after 
printing a line and the stamp solenoid is activated 

Model 210, 210S 

LFJ R OPERATION 

0 X After printing performs line feed 

1 X Print only 

X 0 Print ribbon set to red 

X 1 Print ribbon set to black 

Model 240 

LFJ SL OPERATION 

0 X After printing performs line feed 

1 X Print only 

X 0 After print performs slip release (only 29 char-
acters allowed in data buffer) 

X 1 No slip release 

FAST FEED CO~RMAND 

The binary number indicated by m3 through m0 determines the number of continuous line feeds 
which is performed. 

For Model 220 

k1 kp OPERATION 

0 0 Receipt and Journal line feed 

0 1 Receipt line feed only 

1 0 Journal line feed only 
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NIRITE PRINT DATA COMPAAND 

After each character is written into the column buffer, the column printer is incremented by one. 
Do not exceed the column capacity defined in the printer format command. The following table 
defines the relationship between print data (d~ through dsl and the character set. 

IMSBI 
dg 

0 0 1 1 1 1 

d5 1 1 0 0 1 1 

dq 0 1 0 1 0 1 

d3 d2 d~ 
ILSBI 
d0 

\ 
2 3 4 5 6 7 

0 0 0 0 0 ~®~ a~~ Fg ~ °? 
0 0 0 , , ~ ~ i~°I Im ~ 
0 0 0 2 I!~ °~ EB ~o °~° ~~~ 
0 0 1 1 3 

~ 
~~ e~ ~ ~ 

0 1 0 0 4 ~°~° Ca@ ~ ~ ~° 

0 1 0 1 5 ®° 
~~ 

~ ~ ~~' ~ °°~°° 

0 1 1 0 6 ~ ~ ~,° ~ °h 

0 1 1 1 7 °u~gpe ~ ° ~ ~ ~ 

~ O O O $ ~ gm~°g 

8g~gg 

6 8 8'°°8 

~g

~g 

°

e
m

~
8 "~° 

0 0 , 9 ~ a~ I ~° ~ I, ° g 

0 , 0 A o}e ° mT ~ ~ ~ °°~ 
1 0 1 1 B ~ g~ ~°° 

1 1 0 0 C ~ ° e ~ ~a~ ~~ 

1 1 0 1 D ®°° ~ ~e~ ~ ~8 
~ 

° 
°°8 

1 1 1 1 F 
®B 

~~ ® em s ~ 

COMMAND SYMBOLS 
(CONY.) 
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µPD782 
OPERATING PROCEDURES 

IOB=1 

C Reset 

I mti alize 
command: 

NO 

Read Bus Buffer 
Status 

Data Format 
Command 

NO 

NO 

IOB=1 

NO 

Read B s Buffer 
Status 

loe =o 
VES IOM=1 

Write Print Data 

Reatl B s Buffer 
Status 

Print Command 

End 

Power-on Reset 

Initialize the µPD782. (Reset the Column Buffer and set the Print-Head at the left 

side.) 

Check the Bus Buffer Status. 

Indicate the format of the Column Buffer. Set the controller mode for the printer 
model . 

Check the Bus Buffer Status. 

Write up to maximum number of characters into the column buffer. 

Check the Bus Buffer Status. 

Print the entire contents of the column buffer. Indicate "Line Feed" or "Slip 
Release." 

~szOst z-sacnT 
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NEC Microcomputers, Inc. 

PROrRAMMABLE CRT CONTROLLER 

0 ~: 

NBC 
NrPD3301-1 
µPD3301-2 

~~~.lut _ ~.~~~] 

DESCRIPTION The µP03301 is an LSI chip designed for use in CRT controllers. It contains a synchronous signal 
generator, row buffer, and attribute memory. This CRT controller is capable of handling not only 
black and white CRT, but also color CRT. The µPD3301 provides control signals which simplify 

the design of the external circuitry needed in the systems. Thus, this device is a versatile controller 
that relieves the main CPU land users) of many of the control burdens associated with imple-
menting aCRT interface. 

There are 8 separate commands which the µPD3301 will execute. Some of these commands require 
multiple bytes to fully specify the operation which the processor wishes the CRT controller to 
perform. The following commands are available: 

• RESET •STOP DISPLAY •START DISPLAY 
• SET INTERRUPT MASK •READ LIGHT PEN • LOAD CURSOR POSITION 
• RESET INTERRUPT •RESET COUNTERS 

FEATURES • Programmable Screen and Character Format Capabilities; 
— Characters per Row (up to 80 characters/row) 
— Lines per Character (up to 32 lines/character) 
— Rows per Frame lup to 64 rows/frame) 
— Horizontal Retrace Time 
— Vertical Retrace Time 
— Blinking Time 
— DMA Control Mode 
— Cursor Control Mode 

• Three Independent Visual Field Attribute Modes such as; 
— Transparent Attribute Color Mode 

—Transparent Attribute Black and White Mode 
— Non-Transparent Attribute Black and White Mode 

• 12 Independent Field Attribute Functions such as: 
— Vertical Line —Blue —Blinking 
— Over-Line —Red —General Purpose 
— Reverse Video — Underline —Green 
— Secret —High-Light —General Purpose Color 

• Light Pen Detection 
• Maximum 256 Different Characters Control Capability 
• Fully Bus Compatible with 8080 
• 3 MHz Single Clock Input 
• Single Power Supply, +5V N-MOS Technology 
• Available in 40 pin Plastic and Ceramic Dual-In-Line Packages 

PIN CONFIGURATION 
1 40 VRTC ] VCC (+5V1 

RVV 2 39 ]SLO 
csR C 3 38 ]LCD

L PEN [ 4 37 ] LC1 
INT C 5 36 ] LC2 
DRO C 6 35 ] LC3 

DACK C 7 34 ] VSP 

Ao C 8 33 ] sL1z 
RD C 9 µPD 32 GPA 
WR C 10 3301 31 ] HLGT 
C3 11 30 ] CC7 

DBO C 12 29 ] CC6 
D61 13 28 ] CC5 
D82 14 27 ] CCq 

D63 C 15 26 ] CCg 
D84 16 25 ] CC2 

D85 C 17 24 ] CC1 
DBg [ 18 23 CCO 

D87 19 22 C CLK 
GND 20 21 HRTC 

PIN NAMES 

VRTC Vertical Retrace 

RVV Reverse Video 

CSR Cursor 

L PEN Light Pen 

INT Interrupt 

DRO DMA Request 

DACK DMA Acknowledge 

AO Address Bus 0 

RD Read 
WR Write 

CS Chip Select 

DB0-7 Data Bus 0 to 7 

HRTC Horizontal Retrace 

C CLK Character Clock 

CC0-7 Character Codes 0 to 7 

HLGT High-l ight 

GPA General Purpose Attribute 

SL12 Slit Line 12 
VSP Video Suppression 

LC0-3 Line Counter 0 to 3 

SLO Slit Line 0 



ftPD3301 

BLOCK DIAGRAM 

D60.7 

DRO 

DACK 

INT 

DATA BUS 
BUFFER 

HD ya 

WR yl7 

AO ~ 

C 

READ/ 
WRITE/ 
DMA 

CONTROL 
LOGIC 

INTERNAL 
BUS 181 

CHARACTER COUNTER 

80K9 
ROW BUFFER 121 

} ~  f fT 
BUFFER .BUFFER 
INPUT OUTPUT 
CON- CON-

TROLLER TROLLER 

a u au 
 I 20.8 

FIFO (21 

LINE COUNTER 

RASTER TIMING 
AND 

VIDEO CONTROL 

LIGHT PEN REGISTER 

C CLK 

^~ CCOq 

LCO3 

—~ HRTC 
--~ vRTC 
--~ HLGT 
--~RVV 
—~ VSP 
—~ SLO 
—► SL72 
—+ CSR 
—.a GPA 

L PEN 

Character Counter 

Counts the characters in a row, up to the number of the characters defined in Characters(Row. 

Row Buffer 

Consists of a dual RAM buffer. Each buffer can store up to 80 characters. During a DMA opera-

tion, the characters are written into the Row Butfer. One of the buffers is used for display. 
Each character in the buffer is read with Character Clock lC CLK1, and the data appears in CC0.7. 

At the same time, the data on [he next row is written into another buffer by DMA control. 

Buffer Input/Output Controller 

• Writes the characters into the Row Buffer, up to the number defined by Characters/Row. 

• Outputs the data from the Row Buffer to CC0_7. 

• Writes the attributes and special control character codes into the FIFO, up to the number 
tlefin¢d by Attributes/Row. 

• Reads the attribute codes from the FIFO and transfers them to the video circuit. 
• In caseof Non-Transparent Attribute Mode, it distinguishes an ordinary character code from an 

attribute code among the character data read from the Row Buffer. 

FIFO (First Input, First Output) 

Consists of a dual RAM buffer. Each buffer can store up to 20 characters. ey DMA operation, 

attribute codes and special control characters are written into the FIFO. One of the buffers is used 

for display. Whenever the read flag bit for FIFO is detected, an attribute code is read and 
transferred [o the video circuit. And at the same time, the attribute codes in the next row are written 

into the rest of the buffers lanother buffer) by DMA operation, 

FUNCTIONAL DESCRIPTION 
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FUNCTIONAL Line Counter 
DESCRIPTION (CONY.) 

Counts the events of Rasters/Line, up to the number indicated by Lines/Character. 

Raster Timing and Video Control 

• Outputs the HRTC based on the Character Counter during the time indicated by Horizontal 

Retrace Time. 
• Outputs the VRTC based on Row Counter which counts up the contents, row by row, during 

the time indicated by Vertical Retrace Time. 
• Outputs HLGT, RVV, VSP, SLO, SL12, GPA based on attribute codes transferred from the 

Buffer Output Controller. 
• Outputs the CSR based on the Blinking Time etc. at the position indicated by Cursor Address. 

Light Pen Register 

Memorizes a row address and column address when the L PEN signal is input. By using READ 
LIGHT PEN instruction, the CPU can read the contents. 

ABSOLUTE MAXIMUM Operating Temperature 0° C to+70`C 
RATINGS Storage Temperature   -65`Cto+125"C 

All Output Voltages   -0.5 to+7 Volts 
All Input Voltages   -0.5 to+7 Volts 
Supply Voltage VCC   -0.5 to +7 Volts 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Ta = 25°C 

DC CHARACTERISTICS Ta =O°C to+7o'C;vCC =+5v~5% 

PARAMETER SYMBOL 
LIft91TS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Low Voltage VIL -0.5 0.8 V 

Input Hlgh Voltage VIH 2.2 VCC+0.5 V 

Output Low Voltage VOL 0.45 V IpL = 1.6 mA 

Output High Voltage VOH 2.4 VCC V DB0.7:1pH = -150 µA, 
All Others: -80 µA 

Low Level Input Leakage IIL -10 µA VIN = O.V 

High Level Inpur Leakage IIH +10 µA VIN = VCC 
Low Level Output leakage IOL -10 µA VOUT - OV 

High Level Output Leakage IOH +10 µA VOUT = VCC 
Power Supply Current ICC 90 mA 

CAPACITANCE 
Ta = 25°C; VCC = OV 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN MAX 

Input Capacitance CIN 10 pF 

fc = 1 MHz, 

All Pins Except Pin 

Under Test Tied to 

AC Ground 
Output Capacitance COUT 20 pF 
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Ta = 0° C to +70'C; VCC = +5V - 5% 

PARAMETER SYMBOL 
LIiITSMAx 

! 

~ UNITI 
CONDIT OPJS MIN 

Clock Cycle 
Time 

µPD3301-1 tCy 0.5 10 µs 

µpD3301-2 tCy 0.38 10 µs 

Clock High Level tCH 150 ns 

Clock Low Level tCL 150 1000 ns 

Clock Rise Time tCR 5 30 ns 

Clock Fal l Time tCL 5 30 ns 

Output Delay from C CLK ' tCO1 0 150 ns 1TTL + 15 pF: 
HRTC, CCO-~ 

Output Delay 
from C CLK 

µPD3301-1 tCO2 400 ns 1TTL+15pF~ 
Except HRTC, CCp.~ ' 

µPD3301-2 tCO2 300 ns 

Command Cycle Time 
tE 2tCy + 200 ns tCy 3 400 µs 

tE 1 µs tCy < 400 µs 

A0, CS Set Up Time to WR tgyy 0 ns 

A0, CS Hold Time to WR tyyA 0 ns 

WR Pulse Width tyyyy 200 ns 

Data Set Up Time to WR tpyy 150 ns 

Data Hold Time to WR tyyp 30 ns 

DACK i Set Up Time to WR tKyy 0 ns 

DACK t Hold Time to WR tyfK 0 ns 

DRO Delay from DACK 1 tK0 0 250 ns 1TTL + 50 pF 

INT Delay from WR i tyyl tCy + 20 2iCy + 300 ns 1TTL + 50 pF 

INT Delay from C CLK 1 tCl 300 ns 1TTL + 50 pf 

A0, CS Set Up Time to RD tqR 0 ns 

A0, CS Hold Time to RD tRq 0 ns 

RD Pulse Width tRR 300 ns 

Data Access Time from RD 1 tRp 0 250 ns CL = 100 pF 

Data Float Delay from RD 1 LDR 
150 ns CL = 100 pF 

20 ns CL=15 pF 

CLOCK AND OUTPUT DELAY 

C CLK 

HRTC 

CCp-7 

LC0.3, R V V 
VRTC, HLGT 

VSP, GPA 
SLp, SL72 
CSR 

AC CHARACTERISTICS 

TIMING WAVEFORMS 
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TIMING WAVEFORMS 
(CONY.) 

CS 

RD 

DBp.~ 

READ OPERATION 
tE 

~tAR+~ 

1ti 

tRR 

►—~ R A—~ 

~RD 

~E 

BUR f —

DMA, INTERRUPT AND WRITE OPERATION 

cs 

WR 

tgyy 

DBp.~ 

DACK 

DRD 

INT 

C CLK 

-f~WA—►~ 

t—LWW 

LDW 

FWD 

~-~-
~KW 

iWK 

s-~KQa ~c KD~ 

 f 
f ty~~y
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The data is transferred from the external memory which contains the information about characters SYSTEM CONFIGURATION 
and attributes to the Row Buffer under the control of µPD8257 DMA Controller. The data read 
from the Row Buffer are Video Control Outputs and ROM Address Signal Outputs toward External 
Character Generator. The µPD3301 also outputs horizontal and vertical retrace signals. 

SYSTEM BUS 

~~ 

COLOR 

MEMORY 

HI•SPEED 
VIDEO INTERFACE 

G 

iVIDEO 

—~H. DRIVE 

►V. DRIVE 

-~ BRIGHTNESS 

CHARACTER 

GENERATOR 

p ~S 
RD WR 

s 
INT 

D B0-7 

LCO-3 CC0.7 

VRTC 

RVV 
CSR 

HRTC 

HLGT 
GPA 

SL12 
VSP 
SLO v 

L PEN 
C CLK 

µPD3301 

CRTC 

MEMR MEMW 

DRO DACK 

A5 — A15 HLDR 
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I/OR I/OW 

µPD8257 
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PACKAGE OUTLINES 
µPD3301C 

H

A 

r 
I 

~J 

----- ~ --T..7 

~~~~~.~^~ 

_,_ 
~ 1

~~~~~~ 
~ 

~G 

D 
f E 

µPD3301 D 

(PLASTIC) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX. 2.028 MAX. 
B 1.62 MAX. 0.064 MAX. 
C 2.54 ± 0.1 0.10 z 0.004 
D 0.5.0.1 0.019 ± 0.004 
E 48.26±0.1 1.9±0.004 
F 1.2 MIN. 0.047 MIN. 

G 2.54 MIN. 0.10 MIN. 
H 0.5 MIN. 0.019 MIN. 
I 5.22 MAX. 0.206 MAX. 
J 5.72 MAX. 0.225 MAX. 
K 15.24 TYP. 0.600 TYP. 
L 13.2 TYP. 0.520 TYP. 

M 0.25 
+0.1 
-0.05 

0.010 
+0'004 
-0.002 

A 

B--._ 

x/11\/1.~~' i~\il l

I 

~~ 
F 

E 

(CERAMIC) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX. 2.03 MAX. 

B 1.62 MAX. 0.06 MAX. 

C 2.54 ± 0.1 0.1 ± 0.004 

D 0.5±0.1 0.02±0.004 
E 48.26±0.1 1.9±0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13 MIN. 
H 1.0 MIN. 0.04 MIN. 
I 3.5 MAX. 0.14 MAX. 

J 4.5 MAX. 0.18 MAX. 
K 15.24 TYP. 0.6 TYP. 

L 74.93 TYP. 0.59 TYP. 

M 0.25±0.05 0.01 ±0.0019 

ft,PD3301 

L 

J 

G M 

3301 DS 12-80-CAT 
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NEC Microcomputers, Inc. 

DESCRIPTION 

8-BIT SERIAL OUTPUT A/D CONVERTER 

NBC 
N.PD7001 

TheµPD7001 is a high performance, low power 8-bit CMOS A/D converter which 

contains a 4 channel analog multiplexer and a digital interface circuit for serial 

data I/O. The A/D converter uses a successive approximation as a conversion 

technique. 

A/D conversion system can be easily designed with the µPD7001 including all 

circuits for A/D convertion. The µPD7001 can be directly connected to 8-bit or 

4-bit microprocessors. 

FEATURES • Single chip A/D Converter 

• Resolution: 8 Bit 
• 4 Channel Analog Multiplexer 
• Auto-Zeroscale and Auto-Fullscale Corrections without any external components 
• Serial Data Transmission 
• High Input Impedance: 1,000 MS2 
• Single+5V Power Supply 

• Low Power Operation 

• Available in 16 Pin Plastic Package 

• Conversion Speed 140µs Typ. 

PIN CONFIGURATION 
EOC 

DL 

SI 

SCK 

SO 

CS 

C LD

CLt

3 to 

a µPD t3 

5 
7001 

12 

(TOP VIEW) 

VDD 

VREF 
AG 

uSS 

PIN NAMES 

EOC' End of Conversion 

DL Analog Channel Data Load 

SI Serial Data Input 

SCK Serial Data Clock 

SO" Serial Data Output 

CS Chip Select 

CLD,CL t Successive Approximation Clock 

VSS Digital Ground 

AD,A t ,AZ,A3 Analog Inputs 

AG Analog Ground 

VREF Reference Voltage Input 

VDD +5V 

Open Drain 

Rev/1 
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µPD7001 

The 4 channel analog inputs are selected by the 2-bit signal which is applied to a serial FUNCTIONAL 
input and latched with a DL signal. The converted 8-bit digital signals are output from DESCRIPTION 
an open collector serial output (SO).  The serial digital signals are synchronized with an 
external clock signal applied to a SCK terminal. The internal sequence controller con-
trols A/D conversion by initiating a conversion cycle at a rise of the Chip Select (CS). 
At the final step of each A/D conversion cycle the converted data is transmitted to an 
8•bit shift register and immediately the next conversion cycle is started.. This results in 
storage of the newest data in a shift register.  At the final step of the first A/D conver-

sioncycle, an end of conversion signal (EOC) is output indicating that the converted 
data is stored in a shift register. At a low level (active) of the chip select, the sequence 

controller and EOC are reset and the A/D conversion is stopped. 

BLOCK DIAGRAM 

VDD 
1~5 VI O 

OL SI SCK 
O O O 

4 KO 

SO 

0 0 

EOC 

AO O^—

AI ~ -

ANALOG 
SYSTEM 

Az0 

A3 O 

VREf O 

ANALOG 
GROUND 

ANA LO~i 
MULTI 
PLExER 

B~BIT SHIFT 
REGISTER 

R 

b 

SUCCESSIVE 
APPROXIMATION 
REGISTER 

a elr oiA 

CS END 

SEQUENCE 
CONTPOLLER 

 O CS 

 oCLD

V~ 

1
-- 01 yF 

m 

77 Kn 

47 pF 

l~ 

Operating Temperature   -0°C to+70°C ABSOLUTE MAXIMUM 

Storage Temperature   -65°C to+125°C RATINGS* 
Analog Input Voltage   -0.3 to Vpp +0.3 Volts 

Reference Input Voltage   -0.3 to Vpp +0.3 Volts 
Digital Input Voltage   -0.3 to +12 Volts 
Max. Pull-up Voltage   +12 Volts 
Supply Voltages   -0.3 to +7 Volts 
Power Dissipation   200 mW 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Ta = 25°C 
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µPD7001 

AC CHARACTERISTICS Ta =25x2°Q fCK=400 kHz; Vpp=+5V, `1 

PARAMETER SYMBOL 
LTYP S

UNIT 
CONDITIONS MIN MAX 

E~ Hold Time tHECS 0 µs EOC to CS 

C-$ Setup Time tSCSK 12.5 µs CS to ~, O 

Address Data Setup Time tSIK 150 ns 

Address Data Hold Time tHKI 100 ns 

High Level Serial Clock 
Pulse Width 

tWHK 400 ns 

Low Level Serial Clock 
Pulse Width 

tWLK 400 ns 

Data Latch Hold Time tHKDL 200 ns SCK to DL 

Data Latch Pulse Width tWHDL 200 ns 

Serial Data Delay Tima tDKO 500 ns SCK to SO, RL = 3K, Q2 
CL=30 pF 

Delay Time to Floating SO tFCSO 250 ns CS to High Impedance SO 

LrS Hold Time tHKCS 200 ns 

Notes: 01 At a low level o CS the data is exchanged with external digital circuit and at a high level of CS the 
µPD7001 performs A/D conversion and does not accept any external digital signal. However, 5 pulses 
of internal clock are needed before digital data output and then the µPD7001 remains at the pre-
vious state of high level CS. 

The rating correspondt to the 5 Dulles Pf clock signal . 

$CSK IMin,l = 5/fCK 

02 The serial data delay time depends on load capacitance and Dull-uD resistance. 

DC CHARACTERISTICS Ta =25x2°c;vpp=+svxlo%;VREF=2.5V CK =400 kHz. 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Resolution 8 Bit Vpp=SV 
VREF=215 to 2.75V 

Non Linearity 0.8 %FSR Vpp = SV 

VREF = 2.25 to 2.75V 

Full-Scale Error 2 LSB Vpp = 5V 

VREF = 2.25 to 2.75V 

FulbScale Error Temp. 
Coetf icient 

30 ppm/°C Vpp=SV 

VREF = 2.25 to 2.75V 

Zero Error 2 LSB Vpp = 5V 

VREF = 215 to 2.75V 

Zero Error Temp. 
Coefficient 

30 pPm/°C Vpp = 5V 

VREF = 215 to 2.75V 

Total Unadjusted 
Error 1 

T.U.E, 1 2 LSB Vpp = SV 

VREF = 215 to 2.75V 

Total Unadjusted 
Error 2 

T.U.E.2 2 LSB Vpp = 4.5 to 5.5V 

VREF =2.5V 

Analog Input Voltage VI 0 VREF V 

Analog Input Resistance RI 1000 MSZ VI =0 to VDD 

Conversion Time tCONV 140 µs 0 
Clock Frequency Range fCK 0.01 0.4 0.5 MHz 

Clock Frequency 
Distribution 

OfCK x5 x20 % R = 27 KSt, C = 47 pF 

(fCK = 0 4 MHzI 

Serial Clock Frequency fSCK 1 MHz 03 

High Leval Voltage V IH 3.6 V 

Low Level Voltage VIL 1.4 V 

Digital Input Leakage 
Current 

I I 1.0 10 µA VI = VgS to +12V 

Low Level Output 
Voltage 

VOL 0.4 V IOL = 1.7 mA 

Output Leakage Current IL 1.0 10 µA V0=+12V 

Power Dissipation Pd 5 15 mW 

Note: (~ All digital outputs are put at a high level when VI ~ VREF 
(~ The A/D conversion is started with CS going to a high level and at the final step of the first A/D 

conversion the EOC is at a low. 

The conversion time is: 

tCONV ' 14 z 4 x 1 /fCK 

Q For fSCK ~ 500 kHz, the load capacitor (stray capacitance included) and the pullwp resistor which 

ere connected to serial output are required to be not more than 30 pF and 4 KR respectively. 
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NIPD7001 

EOC —~ I 

CS 

SCK 

SO 

1HECS f'~ 

DIGITAL DATA OUTPUT 

 f1 

 (~ 

tSCSK ~ tWHK~ tWLK 

1DK0 

I 

~ LFCSO 

cs 

ANALOG CHANNEL SELECTION 

LSB 

I SCSK I~ 

SCK 

SI 

DL 

1H KCS+•{ 

~"~ t1NH DL 

Notes: ~1  The address set can be performed simultaneously with the digital data 
outputting. 

G Analog Multiplexer Channel Selections: 

Analog Input Address Dp D~ 

Ap L L 

A~ H L 

A2 L H 

A3 H H 

~3  Rise and fall time of the above waveforms should not be more than 50 ns. 

(PLASTIC) 
ITEN MILLIMETEPE INCHEt 

A 19.1 MAX. 0.]8 MA%. 

B 0.61 0.03 

C 2.51 0.10 

0 0.5 0.02 

E 1 ].78 0.70 

F 1.3 0.051 

G 2.61 MIN. 0.10 MIN. 

H Q6 MIN. 0.02 MIN. 

I 1.06 MA%. 0.18 MAX. 

J 1.55 MA%. 0.18 MA%. 

K 7.82 0.30 

L 0.1 0.25 

w.lo 
M 0.25 

-0.06 
0.01 

TIMING V~JAVEFORMS 

PACKAGE OUTLINE 
µPD7001C 

7001 DS12.80-CAT 
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NEC Microcomputers, Inc. 

12-BIT BINARY A/D CONVERTER 

N~'C 
µ PD7002 

DESCRIPTION The µPD7002 is a high performance, low power, monolithic CMOS A/D converter 
designed for microprocessor applications. The analog input voltage is applied to one 
of the four analog inputs. By loading the input register with the multiplexer channel 
and the desired resolution (8 or 12 bits) the integrating A/D conversion sequence is 
started. At the end of conversion EOC signal goes low and if connected to the inter-

rupt line of microprocessor it will cause an interrupt. At this point the digital data can 
be read in two bytes from the output registers. The µPD7002 also features a status 
register that can be read at any time. 

FEATURES Single ChipCMOSLSI 
• Resolution: 8 or 12 Bits 
• 4 Channel Analog Multiplexer 
• Auto-Zeroscale and Auto-Fullscale Corrections without any 

External Components 
• High Input Impedance: t000MS2 
• Readout of Internal Status Register Through Data Bus 
• Single +5V Power Supply 
• Interfaces to Most 8-Bit Microprocessors 
• Conversion Speed: 5 ms 
• Power Consumption: 20 mW 
• Available in a 28 Pin Plastic Package 

PIN CONFIGURATION XO C 1 28 EOC 

XI C 2 27 Al 

VSS C 3 26 AO 

ci C 4 25 RD 

GD C 5 24 WR 

CI 6 23 CS 

GD 7 µPD 22 DO 

VREF g 7002 2t D1 

GND 9 20 D2 

CH3 C 10 19 D3 

CH2 C 11 18 Dq 

CH1 C 12 17 D5 

CHO C 13 16 Dg 

VDD C 14 15 J D7 

PIN NAMES 

XO XI External Clock Input 

VSS TTL Ground 

C1 Integrating Capacitor 

GD Guard 

VREF Reference Voltage Input 

GND Analog Ground 

CH3 Analog Channel 3 

CH2 Analog Channel 2 

CH1 Analog Channel 1 

CHO Analog Channel 0 

Vpp TTL Voltage (+5V) 

DO•D7 Data Bus 

CS Chip Select 

WR, RD Control Bus 

AO,A1 Address Bus 

EOC End of Conversion Interrupt 
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µPD7002 

Dr O 

D60 

D5 O 

oa O 

03 0 

D2 O 

D, o 
Do O 

CS O 

wR0 

ROD 

AOO 

A10 

EOCQ 

O 
0 

~~ 

7/7 

c C c c 
H H H H 
0 I 2 3 

I/O SECTION 

THREE 

STATE 
BUff ER 

IGH avTE 

LOW BTT 

STAT B 

CONTROL 

IODE DATA 
REGISTER 

SEQUENCE 

CONTROL 
SECTION 

CONVERSION 

DATA 

REGISTER 

MP% D CODE 
AND li/9 fiIT 
REGISTER 

I O

BLOCK DIAGRAM 

ANALOG 
MULTIPLE%ER 

A/D ANALOG 

SECTION 

1Z 91T DATA 

A/D DIGITAL 

SECTION 

Ta = 25 s 2°C: VDD =+5 x 0.25V, VREF =+2.50V, fCK = 1 MHz 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Resolution 12 Bits Vpp = 5V, 

VREF =2.5 ~ 0.25V 

Non Linearity 0.05 0.08 %FSR Vpp = 5V, 

VREF = 2.5 ~ 0.25V 

Fullscale Error 0.05 0.08 %FSR Vpp=SV, 

VREF = 2.5±0.25V 

Zeroscale Error 0.05 0.08 %FSR Vpp=5V, 
VREF = 2.5 ~ 0.25V 

Fullscale Temperature Coefficient 10 PPM/°C Vpp = 5V 

Zeroscale Temperature Coefticient 10 PPM/°C Vpp = 5V 

Analog Input Voltage Range Vlq 0 VgEF V 

Analog Input Resistance Rlq 1000 MR Vlq = Vgg to VDD 

Total Unadlusted Error 1 T.U.E. 1 0.05 0.08 %FSR VREF = 225 to 2.75V, 
VDD= 5V 

Total unedj~sted Error2 7.U.E.2 0.05 0.08 %FSR VgEF =2.5V, 
VDD = 4.75 to 5.25V 

Clock Input Current IXI 5 50 pA 

Clock Input High Level VXIH VDD'1.4 V 

Clock Input Low Level VXIL VSS+1.4 V 

High level Input Voltage Vlq 2.2 V Ta =-20°C to +70°C 

Low Level Input Voltage V1L ~ 0.8 V Ta =-20°C to+70°C 

High Level Output Voltage VpH 3.5 V IO =-1.6 mA 
Ta = -20° C to +70° C 

Low Level Output Voltage VOL 0.4 V i0 = +16 mA 
Ta = -20°C to +70°C 

Digital Input Leakage Current II 1 10 pA VI = VSS to VDD 
High-Z Output Leakage Current ( Leak 1 10 µA VO =VSS to VDD 
Power Dissipation Pd 15 25 mW fCK >; 1 MH: 

 O VREF 

V 

o T
INTEGRATING 

 O 
CAPACITOfl 

ANALOG 

GND 

~-0 VSS 

DC CHARACTERISTICS 



AC CHARACTERISTICS 

TIMING WAVEFORMS 

µPD 7002 
ABSOLUTE MAXIMUM Operating Temperature   -20°C to+70°C 

RATINGS*  Storage Temperature   -65°C to+125°C 

All Input Voltages '  -0.3 to Vpp +0.3 Volts 

Power Supply   -0.3 to +7 Volts 

Power Dissipation   300 mW 

Analog GND Voltage   VgS ± 0.3 Volts 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25°C 

Ta = 25° ± 2`C; Vpp = +5 ± 0.25V; VREF = 2.5V; fCK = 1 MHz; CINT = 0.033 µF 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Conversion Speed 112 bit) tCONV 6.5 10 15 ms fCK = 1 MHz 

Conversion Speed (8 bit) tCONV 2.4 4 5 ms fCK = 1 MHz 

Clock Frequency Range fCK 0.1 1 3 MHz 

Integrating Capacitor Value CINT' 0.029 µF VREF = 2.50V, 
fCK = 1 MHz 

Address Setup Time 
CS, Ap, A1, to WR 

tgyy 50 ns 

Address Setup Time 
CS , A0, A i , to R D 

tqR 50 ns 

Address Hold Time WR to 
CS, A0, At 

tyyA 50 ns 

Address Hold Time RD to 
CS, Ap, At 

tRA 50 ns 

Low Level WR Pulse Width tyyyy 400 ns 

Low Level RD Pulse Width tRR 400 ns 

Data Setup Time Input 
Data to WR 

tpyy 300 ns 

Data Hold Time WR to 
Input Data 

tyyp 50 ns 

Output Delay Time RD to 
Output Data 

tqp 300 ns 1 TTL + 100 pF 

Delay Time to High Z 
Output RD to Floating 
Output 

tpF 150 ns 

CINT(µFl(Min1=0.029/fCK(MHz) 

cs  
A0, Al 

~~ 
tAW ~ --.~ tNA 

WR 

D7-DO 

tWD tDW '~- f —

CS 
Ap, Al ~~ 

tRR tRA 
RD 

~ ~ 

t D F tAR 
D "~-- —'► 

p7
DO ~ o _ _ _ _ 
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µ PD7002 

CONTROL TERMINALS 

MODE 
INTERNAL 
FUNCTION 

DATA INPUT-OUTPUT 
TERMINALS CS RD WR Al AO 

H x x x x Not selected 
High impedance 

L H H x x Not selected —

L H L L L Write mode Data latch 

A/D start 

Input status, D1, DO =MPX address 

Dg = 8 bit/12 bit conversion 

designation. D2=Flag Input 

L H L L H Not selected —
High impedance 

L H L H L Not selected —

L H L H H Test mode Test status Input status 

L L H L L Read mode Internal status D7 = EOC, Dg = BUSV, D5 =MSB, 

Dq = 2nd MSB, D3 = 8112, 

D2 =Flag Output D1 =MPX, 

DO =MPX 

L L H L H Read mode High data byte D7-DO =MSB — 8th bit 

L L H H L Read mode Low data byte 
D7-Dq = 9th — 12th bit, Dg-DO = L 

L L H H H Read mode Low data byte 

Notes: Q1  Designation of numbe of conversion bits: 8bit = L; 12 bit = H 

Q2 Test Mode: Used for inspecting the device. The data inputoutput terminals assume an input 
state and are connected to the A/D counter. Therefore, the A/D conversion data 
read out after this is meaningless. 

(PLASTIC) 

ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX. 

B 2.49 0.098 

C 2.54 0.10 

D 05 ~ 0.1 0.02 ~ O.Q04 

E 33.02 1.3 

F 1.5 0.059 

G 2.54 MIN. 0.70 MIN. 

H 0.5 MIN. 0.02 MIN. 

I 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 0.6 

L 13.2 0.52 

M 0.25 + 0.10 
0.01 ~ 

0.004 
- 0.05 - 0.002 

CONTROL TERMINAL 
FUNCTIONS 

PACKAGE OUTLINE 
µPD7002C 

7002DS 12-8Q CAT 



NEC Microcomputers, Inc. 

MULTI-PROTOCOL SERIAL CONTROLLER 

N>EC 
µ PD7201 

DESCRIPTION The µPD7201 is a dualchannel multi-function peripheral controller designed to satisfy a wide 
variety of serial data communication requirements in microcomputer systems. Its basic function is 
a serial -to-parallel, parallel•toaerial converter/controller and within that role it is configurable by 
systems software so its "personality" can be optimized for a given serial data communications 
application. 
The µPD7201 is capable of handling asynchronous and synchronous byte-oriented protocols such 
as IBM BisYnc, and synchronous bitoriented protocols such as HDLC and IBM SOLC. This versa-
tiledevice can also be used to support virtually any other serial protocol for applications other 
than data communications. 
The µPD7201 can generate and check CRC codes in any synchronous mode and can be pro-
grammed to check data integrity in various modes. The device also has facilities for modem con-
trols in both channels. In applications where these controls are not needed, the modem controls 
can be used for general-purpose I/O. 

FEATURES Two Fully Independent Duplex Serial Channels 
• Four Independent DMA Channels for Send/Received Data for Both Serial Inputs/Outputs 
• Programmable Interrupt Vectors and Interrupt Priorities 
• Modem Controls Signals 
• Variable, Software Programmable Data Rate, Up to 880K Baud at 3 MHz Clock 
• Double Buffered Transmitter Data and Quadruply Buffered Received Data 
• Programmable CRC Algorithm 
• Selection of Interrupt, DMA or Polling Mode of Operation 
• Asynchronous Operation: 

— Character Length: 5, 6, 7 or 8 Bits 
— Stop Bits: 1,1-1/2,2 
— Transmission Speed: xt, x16, x32 or x64 Clock Frequency 
— Parity: Odd, Even, or Disable 
— Break Generation and Detection 
— Interrupt on Parity, Overrun, or Framing Errors 

• Monosync, Bisync, and External Sync Operations: 
— Software Selectable Sync Characters 
— Automatic Sync Insertion 
— CRC Generation and Checking 

• HDLC and SDLC Operations: 
— Abort Sequence Generation and Detection 
— Automatic Zero Insertion and Detection 
— Address Field Recognition 
— CRC Generation and Checking 
— 1-Field Residue Handling 

• N-Channel MOS Technology 
• Single +5V Power Supply; Interface to Most Microprocessors Including 8080, 8085, 8086 

and Others. 
• Single Phase TTL Clock 
• Available in Plastic and Ceramic Dual-in-Line Packages 

PIN CONFIGURATION CLK [ 1 v 40 VCC 
RESET [ 2 39 ] CTSA 

DCDA [ 3 38 RTSA 
RxC6 [ 4 37 ] TxDA 
DCDB [ 5 36 ] TxCA 
TC SB [ 6 35 ] RxCA 
TxC6 [ 7 34 RxDA 
TxD6 [ 8 33 ] SYNCA 
RxDB [ 9 32 ] WAITA/DRQRxA 

RTSB/SYNCB [ 10 upp 31 DTRA/HAO 
WAITB/DRQTxA [ 11 7201 30 ] PRA/DRQTx6 

D7 [ 12 29 ] PR I/DRQRxB 

Q6[ t3 28 ] INT 
D5 C 14 27 ] INTA 
04 [ 15 26 ] DTRB/HAI 

D3[ 16 25 ] B/A 

D2 C 17 24 ~ C/D 

D1 [ 18 23 ~ CS 
DO C 19 22 ~RD 

VSS [ 20 21 WR 
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µ PD7201 
PIN DESCRIPTION 

NO. 

PIN 
DESCRIPTION 

SYMBOL NAME 

12-19 DO-D~ System Data Bus 
(bidirectional, 
3-state) 

The system data bus transfers data and commands between the processor and the 
µPD7201: DO is the least significant bit. 

25 B/A Channel A or B Select 
(input, High selects 
Channel BI 

This input defines which channel is accessed during a data transfer between the 
processor and the µPD7201. 

24 CiD Control or Data Select 
(input, High selects 
Control) 

This input defines the type of information transfer performed between the proces- 

sor and the µPD7201. A High at this input during a processor write to or read from 

the µPD7201 causes the information on the data bus to be interpreted as a com-

mand for the channel selected by B/A. A low at C/D means that the information on 

the data bus is data. 

23 CS Chip Select (input, 
active Low) 

A low level at this input enables the µPD7201 to accept command or data inputs 
from the processor during a write cycle, or to transmit data to the processor during 
a read cycle. 

1 CLK System Clock (input) The µPD7201 uses standard TTL clock. 

22 RD Read (input active 
Low) 

If RD is active, a memory or I/O read operation is in progress. RD is used with C/D, 

B/A and CS to transfer data from the µPD7201 to the processor or the memory. 

21 WR Write (input, active 

Low) 

The WR signal is used to control the transfer of either command or data from the 
processor or the memory to the µPD7201. 

2 Reset (input, active 
Low) 

RESET A low RESET disables both receivers and transmitters, forces TxDA and TxDB 
marking, forces the modem controls high and disables all interrupts. The control 
registers must be rewritten after the µPD7201 is reset and before data is trans-
mitted or received. RESET must be active for a minimum of one complete CLK 
cycle. 

10,38 Request to Send 
)outputs, active Low) 

RTSA, RTSB When the RTS bit is set, the RTS output goes Low. When the RTS bit is reset in 
the Asynchronous mode, the output goes High after the transmitter is empty. In 

Synchronous modes, the RTS pin strictly follows the state of the RTS bit. Both 

pins can be used as general-purpose outputs. 

10,33 Synchronization 
)inputs/outputs, active 
Low) 

These pins can act either as inputs or outputs. In the Asynchronous Receive mode, SYNCA, SYNCB 
they are inputs similar to CTS and DCD. In this mode, the transitions on these 
lines affect the state of the Sync/Hunt status bits in Read Register 0. In the 
External Sync mode, these lines also act as inputs. When external synchronization 
is achieved, SYNC must be driven Low on the second rising edge of RxC after that 
rising edge of Ri x(, on which the last bit of the sync character was received. In other 
words, after the sync pattern is detected, the external logic must wait for two full 
Receive Clock cycles to activate the SYNC input. Once SYNC is forced Low, it is 

wise to keep it Low until the processor informs the external sync logic that synch-

ronization has been lost or a new message is about to start. Character assembly 

begins on the rising edge of RxC that immediately precedes the falling edge of 

SYNC in the External Sync mode. 

In the Internal Synchronization mode IMonosync and Bisyncl, these pins act as 

outputs that are active during the part of the receive clock (RxC) cycle in which 

sync characters are recognized. The sync condition is not latched, so these outputs 
are active each times sync pattern is recognized, regardless of character boundaries. 

26,31 Data Terminal Ready 
(outputs, active Low) 

These outputs follow the state programmed into the DTR bit. They can also be 
programmed as general-purpose outputs. 

DTRA, DTRB 



µ PD7201 
PIN DESCRIPTION 

(CONY.) 

PIN 
DESCRIPTION 

NO. SYMBOL NAME 

27 Interrupt 

Acknowledge (input, 
active Low) 

This signal is generated by the processor and is sent to all peripheral devices. It 
serves to acknowledge the interrupt and to allow the highest priority interrupting 

INTA 

device to put an 8-bit vector on the bus.Land INTA are compatible with the 
fully nested option of the µPD8259A-5. 

29 PR I Priority In linput, 
active Low) 

These signals are daisy chained through the peripheral device controllers. The signal 
on these lines is intact until a device with a pending interrupt request is found on 
the chain. After that device, this signal holds off lower priority device interrupts. 
A higher priority device can interrupt the processing of an interrupt from a lower 
priority device, provided the processor has interrupts enabled. 

PR I is used with PRO to form a priority daisy chain when there is more than one 
interruptdriven device. A Low on this line indicates that no other device of higher 
priority is being serviced by a processor interrupt service routine. 

PRO is Low only if PR I is Low and the processor is not servicing an interrupt from the 
µPD7201. Thus, this signal blocks lower priority devices from interrupting while a 
higher priority device is being serviced by its processor interrupt service routine. 

30 Priority Out (output, 
active Lowl 

PRO 

11,29, 
30,32 

DROTxA, DROTx6 
DRO.RxA, DRORxB 

DMA Request 
(outputs, active High) 

These signals are generated by the receiver or transmitter of Channel A and 
Channel 6. These signals can be connected to an 8257 DMA Controller and are 
used for handshaking during DMA transfer. 

26 DMA Acknowledge 
linput, active Low) 

Typically, the HLDA signal driven from the processor is input to the~L4Tterminal HAI 
of the highest priority µPD7201 ,and the HASoutput of that µPD7201 is daisy 
chained to the ~ input of the lower priority µPD7201 and propagated down-
stream. HAI and ~H 6 signals provide acknowledgement for the highest priority 

outstanding DMA request. 
31 

_ 
HAO DMA Acknowledge 

(output, active Low) 

28 INT Interrupt Request 
(output, open 
collector, active Lowl 

When the µPD7201 is requesting an interrupt, it pulls INT low. 

11,32 (Outputs, open drain) Wait lines for both channels that synchronize the processor to the µPD7201 data 
rate. The reset state is open drain. 

WAITA, WAITB 

6,39 CTSA, CTSB Clear to Send linputs, 
active Low) 

When programmed as Auto Enables, a Low on these inputs enables the respective 
transmitter. If not programmed as Auto Enables, these inputs may be programmed 
asgeneral-purpose inputs. Both inputs are Schmitt-triggerbuffered to accommodate 
slow-risetime inputs. The µPD7201 detects pulses on these inputs and interrupts 
the processor on both logic level transitions. The Schmitt-trigger inputs do not 
guarantee a specified noise-level margin. 

3,5 Data Carrier Detect 
linputs, active Low) 

These signals are similar to the CTS inputs, except they can be used as receiver 
enables. 

DCDA, DCDB 

9,34 RxDA, RxD6 Receive Data linputs, 
active Highl 

8,37 TxDA, TxDB Transmit Data 
(outputs, active High) 

4,35 Receiver Clocks 
linputs) 

The Receiver Clocks may be 1, 16, 32, or 64 times the data rate in asynchronous 
modes. Receive data is sampled on the rising edge of RxC. 

RxCA, RxC6 

7,36 Transmitter Clocks 
(inputs) 

In asynchronous modes, the Transmitter Clocks may be 1, 16, 32, or 64 times the 
data rate. The multiplier for the transmitter and the receiver must be the same. 
Both TxC and RxC inputs are Schmitt-trigger buffered for relaxed rise-and fall-
time requirements (no noise margin is specifiedl. TxD changes on the falling edge 

TxCA, TxC6 

of TxC. Note that TxC and xR C in Channel B are on a common pin, xR CB/TxC6. 
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µ PD7201 

m 

O 

DATA 

CONTROL 

 J 
PROCESSOR 

BUS 

INTERFACE 

BLOCK DIAGRAM 

CHANNEL CHANNELA } SERIAL DATA A 
INTERRUPT 

CONTROL 
A 

R/W ~/ 
CONTROL 

AND 
\~ CHANNEL A CLOCK 

LOGIC 
REGISTERS STATUS V ✓ MODEM CONTROLS A 

LOGIC 

l~ 
l~

V SERIAL DATA B 
CHANNELS 

DMA 
CHANNEL CONTROL CHANNEL B CLOCK 

~/ 
MODEM CONTROLS B CONTROL 

B AND 

LOGIC 
R/W 

REGISTERS 

\~
STATUS 

LOGIC V V 

OperatingTemperature   0° to+70°C ABSOLUTE MAXIMUM 
StorageTemperature   -65° to+125°C RATINGS 
Voltage on Any Pin     -0.5 to +7 Volts Q1

Note: (1J With respect to ground. 

COMMENT: Stress above those l isted under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

Ta = 0°C to +70°C; VCC =+5V ±10% DC CHARACTERISTICS 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST 
CONDITIONS MIN MAX 

Input Low Voltage VIL -0.5 +0.8 V 

Input High Voltage VIH +2.0 VCC+0.5 V 

Output Low Voltage VOL +0.45 V IOL =+2.0 mA 

Output High Voltage VOH +2.4 V IOH =-200µA 

Input Leakage Current IIL ±10 µA VIN =VCC to OV 

Output Leakage Current IOL ±10 µA VOUT =VCC to OV 

VCC Supply Current ICC 180 mA 

Ta = 25°C; VCC =GND = OV CAPACITANCE 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST 
CONDITIONS MIN MAX 

Input Capacitance CIN 10 pF fc = 1 MHz 

Unmeasured pins 
Returned to GND 

Output Capacitance COUT 15 pF 

Input/Output 
Capacitance 

Cl/O 20 pF 
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fc PD7201 
AC CHARACTERISTICS T a =O°C to+70°C;VCC=+5V±10% 

PARAMETER SYIIABOL 
LIMITS 

UNIT 
MIN MAX 

Clock Cycle tCY 250 4000 ns 

Clock High Width tCH 105 2000 ns 

Clock Low Width tCL 105 2000 ns 

Clock Rise and Fall Time tr, tf 0 30 ns 

Address Setup to RD tAR 0 ns 

Address Hold from RD tRA 0 ns 

RD Pulse Width tRR 250 ns 

Data Delay from Address tqp 200 ns 

Data Delay from RD tRp 200 ns 

Output Float Delay ipF 10 100 ns 

Address Setup to WR tAW 0 ns 

Address Hold from Wig tWq 0 ns 

WR Pulse Width tWW 250 ns 

Data Setupto V1~R tpN~ 150 ns 

Data Hold from WR tNrp 0 ns 

PRO Delay from INTA tIAPO 200 ns 

PRI Setupto INTA tplN 0 ns 

PRI Hold from INTA tlp 0 ns 

INTA Pulse Width tll 250 ns 

PRO Delay from PRI tplpp 100 ns 

Data Delay from INTA tlp 200 ns 

Request Hold from RD/WR tCO 150 ns 

HAI Setupto RD/WR tLR 300 ns 

HAI Hold from RD/WR tRL 0 ns 

HAO Delay from HAI tHIHO 100 ns 

Recovery Time Between Controls tRV 300 ns 

WAIT Delay from Address tCW 120 ns 

Data Clock Cycle tDCY 400 ns 

Data Clock Low Width tDCL 180 ns 

Data Clock High Width tDCH 180 ns 

Tx Data Delay tTp 300 ns 

Data Set up to RxC tpg 0 ns 

Data Hold from RxC tpH 140 ns 

INT Delay Time from TxC tITD 
4... 6 tCY 

INT Delay Time from RxC tIRD 7 ^~ 11 tCY 

Low Pulse Width tp~ 200 ns 

High Pulse Width tpH 200 ns 

External INT from CST, DCD, SYNC tIPD 500 ns 

Delay from RxC to SYNC tDRxC 100 ns 
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µ PD7201 
TIMING V~/AVEFORMS 

READ CYCLE 

Q 
INTA 

PRI 

DB 

PRp 

DRO 

HAI O

RD/WR 

HAO 

TxC 

TxD 

INT 

C/D, B/A, CS 

RD 

DB 

C/D, B/A, CS 

WR 

DB 

tAD 

tDF 

WRITE CYCLE 

tAW~ 
tWW 

INTA CYCLE 

DMA CYCLE 

—~ CO 

W A~ 

tWD~ 

L R. 

HIHO 

y 

TRANSMIT DATA CYCLE 

t~---tocv 
I ftDCH-~
~^~-tDCL~-~ 

~~ tTD 

RL~ 

f-tITD 

Notes: 01  INTA signal acts as RD signal. 
Q2 PRI and HAI signals act as CS signal. 



Et PD7201 
TIMING WAVEFORMS 

(CONY.) 

RxC 

RxD 

INT 

CTS, DCD, SYNC 

INT 

C/D, B/A, CS 

RD/WR 

WAITAlB 

RxC 

SYNC 

RECEIVE DATA CYCLE 

iDS 

' tDCV- - 
-t-tDCH~ 

~tDCL~
-~. 

y. tDH f 

-tIRD-~ 

OTHER TIMING 

~ tPL-~ 

IPD 

PH 

CLOCK 

CLOCK 

tCV 

READ/WRITE CYCLE 
(SOFTWARE BLOCK TRANSFER MODE) 

tRV 

tCW 

SYNC PULSE GENERATION 
(EXTERNAL SYNC MODE1 

LAST BIT OF FIRST BIT OF 
SYNC CHARACTER DATA CHARACTER 

  tDRxC 
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N. PD7201 

READ REGISTER 0 READ REGISTER 
BIT FUNCTIONS 

D~ D8 D5 Dq D3 Dy D~ Dp 

L Rx CHARACTER AVAILABLE 
INT PENDING (CHANNEL A ONLY) 
Tx BUFFER EMPTY 

DCD 

SYNC/HUNT , Used with 
CTS "External/Status 
Tx UNDERRUN/EOM j Interrupt" Mode 
BREAK/ABORT 

READ REGISTER 1 O,

D~ Dg D5 Dq D3 Dp Dt Dp 

L ALL CHARACTERS SENT 

I FIELD 

I FIELD BITS IN 
BITS IN SECOND 

PREVIOUS PREVIOUS 

BYTE BYTE 

0 0 3 
0 0 4 
0 0 5 
1 0 6 
1 0 7 
1 0 8 
1 1 8 
0 2 8 

PARITY ERROR 1 
Rx OVERRUN ERROR 1 O 
CRC/FRAMING ERROR ~ 
END OF FRAME (SDLC) 

READ REGISTER 2 

D~ D6 D5 Dq Dg DZ Dt Dp 

L vp Oz 

 vi OO 
 v2 OO 
 V3~ Interrupt 
 V4 ~ Vector 
 V5 

 V6 

 V7 

Notes: ~<1  Used with Special Receive Condition Mode. 

Q Variable if "Status Affects Vector" is programmed. 

1 
I 

Residue Data for 
Eight Rx Bits/ 
Character 

Programmed 
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µPD7201 

WRITE REGISTER 
BIT FUNCTIONS 

WRITE REGISTER 0 

Dq D 

0 0 0 REGISTER 0 
0 0 1 REGISTER 1 
0 1 0 REGISTER 2 POINTER FOR 
0 1 1 REGISTER 3 THE SELECTION OF 
1 0 0 REGISI"ER 4 A READ/WRITE 
1 0 1 REGISTER 5 REGISTER 

1 1 0 REGISTER 6 
1 1 1 REGISTER 7 

NULL CODE 
SEND ABORT (SDLC) 
RESETEXT/STATUS INTERRUPTS 

CHANNEL RESET 

ENABLE INT ON NEXT Rx CHARACTER 
RESET Tx INT/DMA PENDING 
ERROR RESET 

END OF INTERRUPT (EOI - CHAN. A ONLY) 

0 NULL CODE 
1 RESET Rx CRC CHECKER 
0 RESET Tx CRC GENERATOR 
1 RESET Tx UNDERRUN/EOM LATCH 

WRITE REGISTER 1 

D7 Dg D5 Dq Dg Dp D~ Dp 

EXTINTENABLE 
 Tx INT ENABLE 
 STATUS AFFECTS VECTOR (CH. B 

ONLY) 

0 
0 

0 
1 

Rx INT/DMA DISABLE 
Rx INT ON FIRST CHARACTER 

1 0 INT ON ALL Rx CHARACTERS 
(PARITY AFFECTS VECTOR) 

OR ON 
SPECIAL RECEIVE 

1 1 INT ON ALL Rx CHARACTERS 
(PARITY DOES NOT AFFECT 
VECTOR) 

CONDITION 

-WAIT ON RECEIVER/TRANSMITTER 
 ALWAYS ZERO 

  WAIT ENABLE 

N;'RITE REGISTER 2 

(CHANNEL 6) 

D7 Dg D5 Dq D3 DZ D~ Dp 

L-VO 
 vi 
 vz 
 V3 
 V4 
 V5 
 V6 
 V7 

INTERRUPT 
VECTOR 
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N.PD7201 

WRITE REGISTER 2 

(CHANNEL A) 

D~ Dg Dg Dq D3 Dy D~ Dp 

I I 
0 0 BOTH CHANNELS INTERRUPT 
0 1 CH. A DMA, CH. B INT 
1 0 BOTH CHANNELS DMA 
1 1 UNDEFINED 

- PRIORITY RxA>Rx6>TxA>Tx8 
PRIORITY RxA>TxA>RxB>Tx6 

8085 MASTER MODE 
8085 SLAVE MODE 

8086 MODE 
UNDEFINED 

— INTERRUPT VECTORED/NON-VECTORED 

— ALWAVSZERO 

0 RTSB PIN 10 
1 SYNCB PIN 10 

WRITE REGISTER 3 

D~ Dg D5 Dq Dg DZ D~ Dp 

Rx 5 BI"f5/CHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx8 BITS/CHARACTER 

SYSTEM 
CONFIGURATION 

Rx ENABLE 
SYNC CHARACTER LOAD INHIBIT 
ADDRESS SEARCH MODE ISDLC) 
Rx CRC ENABLE 
ENTER HUNT PHASE 
AUTOENABLES 

WRITE REGISTER 4 

o~ DB DB Dq Dg Dp D D 

PARITY ENABLE 
PARITY EVEN/ODD 

0 0 SYNC MODES ENABLE 

0 1 1 STOP BIT/CHARACTER 
1 0 1 1/2 STOP BITS/CHARACTER 
1 1 2 STOP BITS/CHARACTER 

0 0 8 BIT SYNC CHARACTER 
0 1 16 BIT SYNC CHARACTER 
1 0 SDLC MODE (01111110 FLAGI 
1 1 EXTERNAL SYNC MODE 

Xi CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 

WRITE REGISTER 
BIT FUNCTIONS 
(CONTJ 
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~,PD7201 

WRITE REGISTER 
BIT FUNCTIONS 

(CONY.) 
NIRITE REGISTER 5 

D5 Dq D 

— DTR 

LTx CRC ENABLE 
 RTS 

CRC-i6/CRC-CCITT 
 Tx EN.:BLE 
 SEND BREAK 

Tx 5 BITS IOR LESSI/CHARACTER 
Tx 7 BITSiCHARACTER 
Tx 6 BITS; CHARACTER 
Tx 8 BITS/CHARACTER 

WRITE REGISTER 6 

D7 Dg D5 ~ D4 D3 DZ D~ Dp 

LSYNC BIT 0 
SYNC BIT 1 
SYNC BIT 2 
SYNC BIT 3 
SYNC BIT 4 
SYNC BIT 5 
SYNC BIT 6 
SYNC BIT 7 

WRITE REGISTER 7 

Dq D 

LSYNC BIT 8 
 SYNC BIT9 
 SYNC BIT 10 
 SYNC BIT 11 
 SYNC BIT 12 
 SYNC 61T 13 
 SYNC BIT 14 
 SYNC BIT 15 

ALSO SDLC 

ADDRESS FIELD 

Note: Ct~ For SDLC it must be programmed to "01111110" for flag recognition. 
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ft PD7201 
RECEIVE CHARACTER 

PARITY ERROR 
"RECEIVE OVERRUN ERROR 
FRAMING ERROR 
END OF FRAME (SDLC) 

EIRST DATA CHARACTER 
FIRST NON-SV NC 
CHARACTER ISVNC) 
VALID ADDRESS 
BYTE ISDLCI 

DCD TRANSITION 
CTS TRANSITION 
SYNC TRANSITION 
Tx UNDE RRUNIEOM 
BREAK/ABORT DETECTION

IBUFFER BECOMING EMPTY 

INTERRUPT 

ON ALL 
RECEIVE 

CHARACTERS 

INTERRUPT 

ON FIRST 
CHARACTER 

RECEIVE 

INTERRUPT  ~-
EXTERNAL 
STATUS 

INTERRUPT ~-
TRANSMIT 
INTERRUPT  ~-

µPD7201 

INTERRUPT 

INTERRUPT STRUCTURE 

WR2s BITS 
IN CH. A 

D5 p4 p3 

MODE CONTENTS ON DATA BUS DRIVEN BV THE µPD7201 AT EACH INTA SEQUENCE PRIN 

Ist NI TA 

p7 D6 p5 p4 D3 D2 pt DO 

2nd INTA 

p7 p6 p5 p4 D3 D2 D1 DO 

3rd INTA (') 

D7 D6 D5 D4 p3 p2 p1 p0 

0 x x x Non-vectored High-Z High-Z High-Z 

1 p 0 Q 8085 Master 1 t 0 

(Call) 

0 t 1 0 1 V7 Vg V5 Vq V3 V2 V~ Vp 0 0 0 0 0 0 0 0 

1 0 0 1 $085 Master 7 1 0 0 1 1 Q 1 High-Z High-Z 

1 0 1 0 8085SIave High-Z V7 Vg V5 Vq V3 V2 V~ Vp 0 0 0 0 0 0 0 0 

1 0 i 1 8085 Slave High-Z High-Z High-Z 

1 1 0 0 8086 High-Z V7 Vg V5 Vq V3 V2 V~ VO 

1 1 0 1 8086 High-Z High-Z 

(*) 3rd INTA is 8085 Mode 

7201 DS-12-80-CAT 
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NEC Microcomputers, Inc. 
NBC 

µPD7210 

INTELLIGENT GPIB INTERFACE CONTROLLER 

DESCRIPTION The µPD7210 TLC is an intelligent GPIB Interface Controller designed to meet all of 

the functional requirements for Talkers, Listeners, and Controllers as specified by the 

IEEE Standard 488-1978. Connected between a processor bus and the GPIB, the TLC 

provides high level management of the GPIB to unburden the processor and to simplify 

both hardware and software design. Fully compatible with most processor architectures, 

Bus Driver/Receivers are the only additional components required to implement any 

type of GPIB interface. 

FEATURES All Functional Interface Capability Meeting IEEE Standard 

— SH1 (Source Handshake) 

— AH1 (Acceptor Handshake) 

— T5 or TE5 (Talker or Extended Talker) 
— L3 or LE3 (Listener or Extended Listener) 

— SR1 (Service Request) 
— RL1 (Remote Local) 
— PPt or PP2 1Parallel Port (Remote or Local ConfigurationO 
— DC1 (Device Clear) 

— DT1 (Device Trigger) 

— C1-5 (Controller (All Functions() 
• Programmable Data Transfer Rate 

• 16 MPU Accessible Registers — 8 Read/8 Write 

• 2 Address Registers 
— Oetection of MTA, MLA, MSA (My Talk/Listen/Secondary Address) 

— 2 Device Addresses 
• EOS Message Automatic Detection 
• Command (IEEE Standard 488-78) Automatic Processing and Undefined Command 

Read Capability 
• DMA Capability 
• Programmable Bus Transceiver I/O Specification (Works with T.I./Motorola/Intel) 
• 1 to 8 MHz Clock Range 
• TTL Compatible 

• N Channel MOS 
• +5V Single Power Supply 

• 40-Pin Plastic DIP 
• 8080/85/86 Compatible 

PIN CONFIGURATION 
T/R 1 C ~ 40 ] VCC 
T/R 2 C 2 39 ] EOI 

CLOCK C 3 38 ] NDAC 
RESET C 4 37 ' NRFD 

T/R 3 C 5 36 ] DAV 
DMAREO C 6 35 ] D108 
DMAACK [ 7 34 ] D10 7 

CS [ 8 33 ] DIO 6 
RD C 9 32 ] DIO 5 
wR C ~~ µPD7210 31 ~ Dloa 
tNT C >> 30 ] D103 
D O C 12 29 ] D10 2 
D 1 C 13 28 ~ D10 1 
D 2 C 14 27 ] SRO 
D 3 ~ 15 26 ] ATN 
D 4 [ 16 25 ] REN 
D5[17 24 ] IFC 
D 6 [' 78 23 ] RS 2 
D7C79 22 ] RS1 

GND C PO 21 ] RS 0 495 



µPD7210 

PIN NAME I/O DESCRIPTION 

1 T/R 1 O Transmit/Receive Control —Input/Output Control Signal 

for the GPIB Bus Transceivers. 

2 T/R2 O Transmit/Receive Control —The function of T/R2, T/R3 
are determined by the value of TRM1, TRMO of the 
address mode register. 

3 CLK I Clock — (1.8 MHz) Reference Clock for generating the 
state change prohibit times T1, T6, T7, T9 specified in 

IEEE Standard 488-1978. 

4 RST I Reset —Resets 7210 to an idle state when high (active highl. 

5 T/R3 0 Transmit/Receive Control —Function determined by 

TRM1 and TRMO of address mode register (See T/R2►. 

6 DRO O DMA Request — 7210 requests data transfer to the com-
puter system, becomes low on input of DMA acknowledge 
signal DACK. 

7 DACK I DMA Acknowledge — (Active Low) Signal connects- the 
computer system data bus to the data register of the 7210. 

8 CS I Chip Select — (Active Low) Enables access to the register 
selected by RSO-2 (read or write operation►. 

9 RD I Read —IActive Low) Places contents of read register 

specified by RSO.2 — on DO-7 (Computer Bus►. 

10 WR I Write — (Active Low) writes data on DO.7 into the write 

register specified by RSO-2. 

11 INT 

INT 

O Interrupt Request —IActive High/Low) Becomes active 
due to any 1 of 13 internal interrupt factors (unmasked► 

active state software configurable, active high on chip reset. 

12-19 DO-7 I/O Data Bus — 8 bit bidirectional data bus, for interface to 
computer system. 

20 GND Ground. 

21-23 RSO.2 I Register Select —These lines select one of eight read 
(write) registers during a read (write) operation. 

24 I FC I/O Interface Clear —Control line used for clearing the inter-

face functions. 

25 REN 1/O Remote Enable —Control line used to select remote or 
local control of the devices. 

26 I/O Attention —Control line which indicates whether data on 
D10 lines is an interface message or device dependent message. 

ATN 

27 SRO I/O Service Request —Control line used to request the con-
troller for service. 

28.35 D101-8 I/O Data Input/Output — 8 bit bidirectional bus for transfer 
of message on the GPIB. 

36 DAV 1/O Data Valid —Handshake line indicating that data on DIO 
lines is valid. 

37 I/O Ready for Data —Handshake line indicating that device is 
ready for data. 

NRFD 

38 NDAC I/O Data Accepted —Handshake line indicating completion of 
message reception. 

39 EOI I/O End or Identify —Control line used to indicate the end of 
multiple byte transfer sequence or to execute a parallel 

polling in conjunction with ATN. 

40 VAC +5V DC —Technical Specifications: +5V; NMOS; 
500 MW; 40 Pins; TTL Compatible; 1-8 MHz. 

PIN IDENTIFICATION 
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ft PD7210 

BLOCK DIAGRAM 

REGISTERS 

DI OB^DIO7 

DATA IN 

D7-DO 

CS 

R52^ RSO 

RD —~ 

WR —lam 

DMAREO ~~ 

DMAACK 

INT t 

CLOCK 

RESET 

COMMAND PASS 
THROUGH 

BYTE OUT 

A DDRESS STATUS 

ADDRESS MODE 

ADDRESS 0/1 

END OF STRING 

INTERRUPT MASK 1~2 

INTERRUPT STATUS ij 2 

c~ SERIALPOLL  r~ 
PARALLEL POLL 

MESSAGE 
DECODER 

C ~-' 
A UX. IAI/1 BI/IEI 

IN TERNAI 
COUNTER 

'•~

A U X. COMMAND 
D EGODER 

INTERFACE 

(UNCTIONS 

SH 7 

AH 1 

TS/TE5 

L3/LE3 

SR 7 

RL1 

PPt/PP2 

DC I 

DT i 

C1 

C2 

C3 

Ca 

cs 

  / GPIB CONTROL 

~~ 

/ T/R 3'-T/R 1 
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~t PD7210 

The IEEE Standard 488 describes a "Standard Digital Interface for Programmable INTRODUCTION 
Instrumentation" which, since its introduction in 1975, has become the most 

popular means of interconnecting instruments and controllers in laboratory, auto-

matic test and even industrial applications. Refined over several years, the 488-1978 

standard, also known as the General Purpose Interface Bus (GPIBI, is a highly 

sophisticated standard providing a high degree of flexibility to meet virtually most 

all instrumentation requirements. The µPD7210 TLC implements all of the func-

tions that are required to interface to the GPIB. While it is beyond the scope of 

this document to provide a complete explanation of the IEEE 488 Standard, a 

basic description follows: 

The GPIB interconnects up to 15 devices over a common set of data control lines. 

Three types of devices are defined by the standard: Talkers, Listeners, and Con-

trollers, although some devices may combine functions such as Talker/Listener or 

Talker/Controller. 

Data on the GPIB is transferred in a bit parallel, byte serial fashion over 8 Data I/O 

lines (D101 — D1081. A 3 wire handshake is used to ensure synchronization of 
transmission and reception. In order to permit more than one device to receive data 

at the same time, these control lines are "Open Collector" so that the slowest 

device controls the data rate. A number of other control lines perform a variety of 

functions such as device addressing, interrupt generation, etc. 

The µPD7210 TLC implements all functional aspects of Talker, Listener and Con-

trollerfunctions as defined by the 488-1978 Standard and on a single chip. 

The µP07210 TLC is an intellige~tt controller designed to provide high level protocol 

management of the GPIB, freeing the host processor for other tasks. Control of the 

TLC is accomplished via 16 internal registers. Data may be transferred either under 

program control or via DMA using the TLC's DMA control facilities to further reduce 

processor overhead. The processor interface of the TLC is general in nature and may 

be readily interfaced to most processor lines. 

In addition to providing all control and data lines necessary for a complete GPIB 

implementation, the TLC also provides a unique set of bus transceiver controls 

permitting the use of a variety of different transceiver configurations for maximum 

flexibility. 

INTERNAL REGISTERS 

The TLC has 16 registers, eight of which are read and 8 write. 

GENERAL 

REGISTER NAME ADDRESSING SPECIFICATION 

Data In [ORj 

Interrupt Statusl [1R) 

Interrupt Stags 2 12R1 

Serial Poll Status [3R7 

Address Status [4R1 

Command Pass Through [5R1 

Address0 [6R1 

Address 1 [7R] 

Byte Out (OWI 

I nterrupt Maskl [iWl 

Interrupt Mask 2 [ZWl 
Serial Poll Mode [3W7 

Address Mode I4W] 
Auxiliary Mode [5W] 

Address 0/t l6Wl 
End of String [7Wl 

R R R 

S S S 

2 1 0 

0 0 0 

0 0 1 

0 1 O 

0 1 1 

1 0 0 

t 0 1 

1 1 0 

1 7 1 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

WR 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

CS 

I DI7 DI6 DIS ~ D14 I D13 D12 I DIi DIO 

I CPT I APT i DET END I DEC ERR I DO I DI 

I INT I SR01 I LOK I REM I CO I LOKC I REMC I ADSC 

I S8 I PEND 56 I 55 54 I S3 I S2 S1 I 

( CIC I A"rR SPMS I LPAS TPAS I lA I TA MJMNI 

I CPT7 I CPT6 CPT5 CPT4 CPT3 I CPT2 I CPT7 CPT01 

I X I DTO I OLO I AD5-0 I AD4-0 I AD3-0 I AD2-0 I ADt-0I 

I EOI DTl DLt AD5-1 AD4-1 AD3-1 (AD2-1 ( AD7-1 

I BO7 806 605 804 B03 802 1 801 I BOO 

I CPT I APT I DET END DEC ERR I DO I DI I 

I 0 I SROI DMAO DMAI CO LOKC i REMC I ADSCI 

SB rsv S6 55 54 53 S2 S7 

I ton I Ion TRMt [ TRMO I 0 0 [ ADM7 I ADM01 

I CNT2 I CNTt [ CNTO COM4 I COM3 [ COM2 COMI ~ COMO 

I ARS I DT I DL I AD5 I AD4 I AD3 I AD2 I AD7 I 

EC7 EC6 ECS ( EC4 EC3 EC2 EC1 ECO 
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DATA REGISTERS 

The data registers are used for data and command transfers between the GPIB and the 
microcomputer system. 

DATA IN (ORI DI7 DI6 DI5 DI4 DI3 DI2 DI1 DIO 

Holds data sent from the GPIB to the computer 

BYTE OUT (OW) 

Holds information written into it for transfer to the GPIB 

INTERRUPT REGISTERS 

The interrupt registers are composed of interrupt status bits, interrupt mask bits, 
and some other noninterrupt related status bits. 

INTERRUPT 

STATUSI [iR] 

INTERRUPT 

STATUS2 [2R1 

INTERRUPT 

MASK1 [1 W1 

INTERRUPT 

MASK 2 [2W1 

607 1 606 (805 (604 ~ 603 ~ 602 601 1 BOO 

READ 

CPT APT DET END DEC ERR DO DI 

INT ~ SRO1 LOK REM CO 

WRITE 

LOKC REMC ADSC 

rCPT APT DET END DEC ERR DO DI 

0 SR01 DMAO DMAI CO LOKC REMC ADSC 

There are thirteen factors which can generate an interrupt from the µPD7210, each 
with their own status bit and mask bit. 

The interrupt status bits are always set to one if the interrupt condition is met. 
The interrupt mask bits decide whether the INT bit and the interrupt pin will be 
active for that condition. 

Interrupt Status Bits 

INT OR of All Unmasked Interrupt Status Bits 
CPT Command Pass Through 
APT Address Pass Through 
DET Device Trigger 
END End (END or EOS Message Received) 
DEC Device Clear 
ERR Error 
DO Data Out 
DI Data In 
SROI Service Request Input 
LOKC Lockout Change 
REMC Remote Change 
ADSC Address Status Change 
CO Command Output 

Non Interrupt Status Bits 

LOK Lockout 
REM Remote/Local 
DMAO Enable/Disable DMA Out 
DMAI Enable/Disable DMA In 
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SERIAL POLL REGISTERS 

READ 

SERIAL POLL 

STATUS [3R] 

SERIAL POLL 
MODE [3W1 

S8 PEND S6 S5 S4 S3 S2 S1 

WRITE 

S8 rsv S6 S5 S4 S3 S2 S1 

The Serial Poll Mode register holds the STB (status byte: S8, S6-S11 sent over the 

GPIB and the local messagerSV (request service). The Serial Poll Mode register 
may be read through the Serial Poll Status register. The PEND is set by rsV = 1, and 
cleared by NPRS• rSv= 1 (NPRS=Negative Poll Response State}. 

ADDRESS MODE/STATUS REGISTERS 

ADDRESS STATUS I4R1 

ADDRESS MODE [4W1 

CIC ATN SPMS LPAS TPAS LA TA MJMN 

ton I Ion TRMI ITRMO I 0 0 IADMI IADMO 

The Address Mode register selects the address mode of the device and also sets the 
mode for T/R3 and T/R2 the transceiver control Tines. 

The TLC is able to automatically detect two types of addresses which are held in 
address registers 0 and 1. The addressing modes are outlined below. 

ADDRESS MODES 

ton Ion ADM7 ADMO 
ADDRESS 

MODE 

CONTENTS OF 
ADDRESS 101 
REGISTER 

CONTEN~TSOF 
ADDRESS (t 
REGISTER 

1 0 0 0 Talk only 
mode 

Address Identification Not Necessary 

Not Used 0 1 0 0 Listen only 
mode 

0 0 0 1 Address mode 1 Major talk address 
or Major listen 
address 

Minor talk address 
or Minor listen 
address 

0 0 1 0 Address mode 2 Primary address 
(talk or listen) 

Secondary address 
(talk or listen) 

0 0 1 1 Address mode 3 Primary address 
(major talk or 
major listen) 

Primary address 
(minor talk or 
minor listen) 

Combinations other than above 
indicated Prohibited. 

Notes: Al — Either MTA or MLA reception is indicated by ccincidence of either address with the 
received address. Interface function T or L. 

A2 —Address register 0 =primary, Address register 7 =secondary, interface function TC 
or LC. 

A3 — CPU must read secondary address via Command Pass Through Register. TE or LC 
Command. 
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ADDRESS STATUS BITS 

ATN Data Transfer Cycle (device in CSBS) 
LPAS Listener Primary Addressed State 
TPAS Talker Primary Addressed State 
CIC Controller Active 
LA Listener Addressed 
TA Talker Addressed 
MJMN Sets minor T/L address Reset =Major T/L address 
SPMS Serial Poll Mode State 

ADDRESS REGISTERS 

ADDRESSO (6R] 

ADDRESS t [7R1 

ADDR ESS O/1 [6W] 

X ) DTO ) DLO )AD5-0 J AD4-0 j AD3-0 j AD2-0 j ADt ~ 

~ EOI I DT7 ] DL1 ]AD5-1 j AD4-1 ]AD3-1 I AD2-t [ AD1-1 

~ ARS I DT j DL i AD5 [ AD4 ] AD3 ) AD2 ( AD1 

Address settings are made by writing into the address 0/I register. The function 
of each bit is described below. 

ADDRESS 0/1 REGISTER BIT SELECTIONS 

ARS —Selects which address register 0 or 1 
DT —Permits or Prohibits address to be detected as Talk 

DL —Permits or Prohibits address to be detected as Listen 

AD5 — ADI —Device address value 
EOI —Holds the value of EOI line when data is received 

COMMAND PASS THROUGH REGISTER 
COMMAND PASS 
THROUGH [5R1 CPT7 CPT6 CPT5 CPT4 CPT3 CPT2 CPTt CPTO 

The CPT register is used such that the CPU may read the DIO lines in the cases of 

undefined command, secondary address, or parallel poll response, 

END OF STRING REGISTER 

END OF 
STRING [7W] EC7 EC6 EC5 EC4 EC3 EC2 EC1 ECO 

This register holds either a 7 or 8 bit EOS message byte used in the GPIB system to 

detect the end of a data block. Aux Mode Register A controls the specific use of 

this register. 

AUXILIARY MODE REGISTER 

AUXILIARY 
MODE [5W1 CNT2 I CNT7 CNTO COM4 COM3 i COM2 I COM1 1 COMO
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This is a multipurpose register. A write to this register generates one of the following 
operations according to the values of the CNT bits. 

2 
CNT 
1 0 4 3 

COM 
2 1 0 

OPERATION 

0 0 0 Cq C3 Cz C1 CO 
Issues an auxiliary command specified by 
Cq to Cp. 

0 0 1 0 F3 FZ F 1 FO 
The reference clock frequency is specified 
and T1, Tg, T7, Ty are determined as a 
result. 

0 1 1 U S P3 p2 Pi 
Makes write operation to the parallel poll 
register. 

1 0 0 Aq A3 AZ Al AO 
Makes write operation to the aux. (A) 
register. 

1 0 1 Bq Bg Bz 61 g0 Makes write operation to the aux. 181 
register. 

1 1 0 0 0 0 E1 EO 
Makes write operation to the aux. I EI 
register. 

AUXILIARYCOMMANDS 

COM 

43210 

0 0 0 Cq C3 C2 C1 CO 

00000 iepon — Immediate Execute pon —Generate local 
pon Message 

00010 crst — Chip Reset —Same as External Reset 
00011 rrfd — Release RFD 
00100 trig — Trigger 
00101 rtl — Return to Local Message Generation 
00110 seoi — Send EOI Message 
00111 nvld — Non Valid (OSA reception) —Release DAC 

Holdoff 
01111 vld — Valid (MSA reception, CPT, DEC, DET) —

Release DAC Holdoff 
0X001 sppf — 5'et/Reset Parallel Poll Flag 
10000 gis — Go To Standby 
10001 tca — Take Control Asynchronously 
10010 tcs — TaI<e Control Synchronously 
11010 tcse — Take Control Synchronously on End 

10011 Itn — Listen 
11011 Itnc — Listen with Continuous Mode 

11100 lun — Local Unlisten 
11101 epp — Execute Parallel Poll 
1X110 sift — Set/Reset IFC 
1X111 sren — Set/Reset REN 
10100 dsc — Disable System Control 

INTERNAL COUNTER 0 0 1 0 F3 F2 F1 FO

The internal counter generates the state change prohibit times (T1, T6, T7, T9) 
specified in the IEEE std 488-1978 with reference to the clock frequency. 

AUXILIARY A REGISTER 1 0 0 A4 A3 A2 Al AO 

Of the 5 bits that may be specified as part of its access word, two bits control the 
GPIB data receiving modes of the 7210 and 3 bits control how the EOS message is 
used. 
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Al Ap DATA RECEIVING MODE 

0 0 Normal Handshake Mode 

0 1 RFD Holdoff on all Data Mode 

1 0 RFD Holdoff on End Mode 

1 1 Continuous Mode 

BIT 
NAME 

FUNCTION 

A 
2

0 Prohibit Permits (prohibits) the setting of the END bit 
by reception of the EOS message. 

Permits (prohibits) automatic transmission of 
END message simultaneously with the trans-
mission of EOS message TACS. 

Makes the 8 bits/7 bits of EOS register the 
valid EOS message. 

1 Permit 

A3 
0 Prohibit 
1 Permit 

A q 
0 7 bit EOS 
1 8 bit EOS 

AUXILIARY B REGISTER 1 0 1 Bq B3 Bz 61 BO 

The Auxiliary B Register is much like the A Register ih that it controls the special 
operating features of the device. 

BIT 
NAME 

FUNCTION 

B 
0

1 Permit Permits (Prohibits) the detection of undefined 
command. In other words, it permits (pro-

hibits) the setting of the CPT bit on reception 
0 Prohibit of an undefined command. 

1 Permit Permits (prohibits) the transmission of the 
B1 END message when in serial poll active state 

0 Prohibit (SPASI• 

1 
T1 

T1 (high speed) as T1 of handshake after 
BZ T igh-speed) 

transmission of 2nd byte following data 

0 (low-speed) 
transmission. 

63 Specifies the active level of INT pin. 
0 INT 

SROS indicates the value of 1st level local 
message (the value of the parallel poll flag is 

1 1st = SROS ignoredl. 
Bq SROS = 1 . . . 1st = 1. 

SROS=0. . . 1st=0. 
0 1st =Parallel 

Poll Flag 
The value of the parallel poll flag is taken 
as the 1st local message. 
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AUXILIARY E REGISTER 1 1 0 0 0 0 E1 EO 

This register controls the Data Acceptance Modes of the TLC. 

BIT FUNCTION 

FO 1 Enable DAC Holdoff by initiation of DCAS 

0 Disable 

E~ 1 Enable DAC Holdoff by initiation of DTAS 
0 Disable 

Parallel Poll Register 0 1 1 U S P3 P2 P~ 

The Parallel Poll Register defines the parallel poll response of the µPD7210. 

0 t 1 U S P3 P2 P1 

~..~.~.~ 

SPECIFYING STATUS BIT 
OUTPUT LINE (DI01 TO DI08) 

SPECIFYING STATUS BIT 
POLARITY 

S = 1 : IN PHASE 

S- 0 : IN REVERSE PHASE 

(U =-1 : NO RESPONSE TO PARALLEL POLL 

U = 0 : RESPONSE TO PARALLEL POLL 
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NEC Microcomputers, Inc. µPD7225 

PROGRAMMABLE LCD CONTROLLER/DRIVER 

DESCRIPTION The µPD7225 is a programmable peripheral device containing all the circuitry 
necessary for interfacing a microprocessor to a wide variety of alpha-numeric Liquid 
Crystal Displays (LCDsI. The display controller hardware automatically synchronizes 

the drive signals for any static or multiplexed LCD containing up to 4 backplanes, 

and up to 32 segments .The µPD7225 is fully compatible with most microprocessors, 

and communicates with them through a 2-line, 8-bit Serial port. It can be easily 

configured into multiple chip designs for larger LCD applications. In addition, the 
µPD7225 includes on board 8-segment Numeric and 15-segment Alpha-Numeric 
decoders, and programmable blinking capabilities. The µPD7225 is manufactured with 
a low-power single 5V CMOS process, and is available in a 52-pin plastic flat package. 

FEATURES • Single Chip LCD Controller 
• Direct LCD Drive 
• Selectable Backplace Drive Configuration 

— Static; 2•, 3-, or 4-Backplane Multiplexed 
• Programmable Display Configurations 

— 8-Segment Numeric — up to 16 Characters 
— 15-Segment Alpha-Numeric — up to 8 Characters 

• 32-Segment Drive Lines 
• Selectable Display Bias Configuration 

— Static; 1/2 or 1/3 
• Automatic Synchronization of Segment and Backplane Drive Lines 
• Dual 32 x 4 Bit RAMS for Display Oata Storage 
• Programmable Display Data Addressing 

— Individual Segment 
— 16-Character, 8-Segment Numeric Decoder 
— 64-Character, 15-Segment Alpha-Numeric Decoder 

• Programmable Blinking Capability 
— Individual Segment, Individual Character, or Entire Display 

• 8-Bit Serial Interface 
• Compatible with most 4-Bit, 8-Bit, and 16-Bit Microprocessors 
• Fully Cascadable for Larger LCD Applications 
• Single +5V Power Supply 

• CMOS Technology 
• 52-Pin Plastic Flat Package 

PIN CONFIGURATION ------ --=mss 

ha ft PD7225 

O 

~~ ~ M 

PIN DE$CRIpTION 

SYMBOL DESCRIRTION 

SG-S3t LCD Segment Dnve Outputs 

COMD-COM3 LCD Backplane Drive Outputs 

v$$ Ground 

Vpp power Supply positive 

vLCDt -V LCD3 LCD power Supp~v 

$CK $eriel Clock Input 

51 $aial Input 

C$ Chip Select 

C/D Commantl/Data Select 

Clt, CLZ System Clock Input, Output 

SYNC Synchronization Signal I/O port 
tor. rnul[iple chip 

BUSY Busy Output 

RESET Reset Input 

NC No Connection 
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NLCDI —► 

D LCDI  

VLCD3 ~ 

YS NC H 

lCD 
TIMING 

CONTROL 

CLI _y 

GL3 ~~ 

goo 

vu

RESET 

2S ~ 

C/D 

~8 0 ~ 

OSC 

S31 S30 S~9 51 SO COM3 DDM3 CDM, DDMO BLOCK DIAGRAM 

1 1 1 1 1 
LCD 

DRIVER 

~~ 

SEGMENT 

DECODER 

WRITE 
CONTROL 

! ~ 

p IS~LA 

DATA 

LATCH 

33zORAM 
FOR 

DISR LAY DATA 

1 

—\ 
32 : d RAM 

FOR 
BLINKING DATA 

COMMAND/ 
DATA 

REGISTER 

11 

S ERIgL 
INTERFACE 

51 SCK 

1 

~7 

COMMAND 
DECODER 
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COMMAND DESCRIPTION 

1. MODE SET 0 1 0 Dq D3 D2 D1 DO 40-5F 

The MODE SET command sets up the Backplane Drive Configuration, the Display 

Bias Voltage Configuration, and the A/C Drive Frequency for the µPD7225. 

The Backplane Drive Configuration is defined as follows: 

D3 D2 Backplane Drive Configuration 

0 1 Static 11-Backplane) 
1 1 2-Backplane Multiplexed 
1 0 3-Backplane Multiplexed 
0 0 4-Backplane Multiplexed 

The Display Bias Voltage Configuration is defined as follows: 

D4 Display Bias Voltage Configuration 

0 

1 
X 

1/3 (three voltage) 

1 /2 (two voltage) 
Static (single voltage; default when D3D2 = 00) 

The A/C Drive Frequency is defined as follows: 

D1 DO A/C Drive Frequency 

0 0 fc/2~ Hz 

0 1 fc /2B Hz 

1 0 fc/29 Hz 

1 1 fc/211 Hz 

Note: LCD Frame Frequency = 
A/C Drive Frequency 

# of active Backplane Drive lines 

2. UNSYNCHRONOUS DATA 
TRANSFER 

0 0 1 1 0 0 0 0 30 

The Normal Transfer of data from the Display Data RAM to the segment output latches 
latches occurs with the rising edge of CS. The UNSYNCHRONOUS DATA TRANS-
FER command implements this mode of data transfer, and also disables the 
SYNCHRONOUS DATA TRANSFER operation. 

3. SYNCHRONOUS DATA 
TRANSFER 

001 1 000 1 31 

Data can also be transferred from the Display Data RAM to the segment output 

latches with the rising edge of fc. The SYNCHRONOUS DATA TRANSFER com-

mand implements this mode of data transfer, and also disables the UNSYNCHRO-
NOUS DATA TRANSFER operation. 
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4. INTERRUPT DATA TRANSFER 0 0 1 1 1 0 0 0 38 

Occasionally, the Host microprocessor system may experience events, such as prior-

itized Hardware interrupts, that may disrupt communications with the µPD7225. 
Display Data transfers to the µPD7225 may be interrupted, without disrupting the 
µPD7225 internal display data protocol, by issuing an INTERRUPT DATA TRANS-
FERcommand at the beginning of the interrupt service routine. Display data 
updating may be resumed in an orderly fashion after the interrupt service routine is 
completed. 

5. CLEAR Display Data 0 0 1 0 0 0 0 0 20 

All locations in the Display Data RAM are set to zero by executing the CLEAR 
DISPLAY DATA command. The Data Pointer is also cleared, and set to its initial 

location. 

6. CLEAR BLINKING DATA 0 0 0 0 0 0 0 0 00 

All locations in to Blinking Data RAM are set to zero by executing the CLEAR 
BLINKING DATA command. The Data Pointer is also cleared, and set to its 
initial location. 

7. LOAD DATA 
POINTER 

0 0 0 Dq D3 D2 D1 DO EO-FFi 

To access a particular location in either the Display Data RAM, or the BLINKING 
DATA RAM the Data Pointer must be given the corresponding address of that 
location. The LOAD DATA POINTER command transfers 5 bits of immediate 
data to the Data Pointer. 

8. WRITE DISPLAY 
DATA 

 t 

1 1 0 1 D3 D2 D1 DO DO-DF 

The WRITE DISPLAY DATA command transfers 4 bits of immediate data to the 
Display Data RAM location addressed by the Data Pointer. After the transfer is 
complete, the Data Pointer is automatically incremented. 

9. WRITE BLINKING 
DATA 1 1 0 0 D3 D2 D1 DO CO-C F 

The WRITE BLINKING DATA command transfers 4 bits of immediate data to the 
Blinking Data RAM location addressed by the Data Pointer. After the transfer is 
complete, the Data Pointer is automatically incremented. 

10. ENABLE DISPLAY 0 0 0 1 0 0 0 1 11 

The ENABLE DISPLAY command turns on the LCD, and starts the automatic 
display controller hardware of the µPD7225. 

COMMAND DESCRIPTION 
(CONY.) 
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11. DISABLE DISPLAY 0 0 0 1 0 0 0 0 10 

The DISABLE DISPLAY command turns off the LCD, and stops the automatic 
display controller hardware of the µPD7225. 

12. ENABLE BLINKING 0 0 0 1 1 0 1 DO 1A-iB 

If a particular LCD application requires blinking several segments, the appropriate 
information must have been transferred to the Blinking Data RAM previously. The 
ENABLE BLINKING command selects the Blinking frequency according to the 
value of D0, and turns the Blinking feature on. 

DO Blinking Frequency 

0 fc/216 Hz 

1 fc /217 Hz 

13. DISABLE BLINKING 0 0 0 1 1 0 0 0 18 

The DISABLE BLINKING command turns the Blinking feature OFF. 

14. ENABLE SEGMENT DECODER 0 0 0 1 0 1 0 1 15 

The µPD7225 has an internal 8-segment Numeric data decoder, and an internal 
15-segment Alpha-Numeric data decoder. These decoders can be used for automatic 
display data addressing, by the Host microprocessor to absorb some of the system 
overhead required to decode display data for the µPD7225. 

The ENABLE SEGMENT DECODER command implements this mode of display 
data addressing. Upon execution, display data received by the µPD7225 is diverted 
to one of the segment decoders. The segment decoder then writes display data to 
the Display Data RAM. The distinction between 8-segment decoding and 15-segment 
decoding is made by the MSB of the display data: 

MSB Decoding Selected 

0 8-segment Numeric 
1 15-segment Alpha-Numeric 

15. DISABLE SEGMENT DECODER 0 0 0 1 0 1 0 0 14 

The DISABLE SEGMENT DECODER command stops the segment decode 
addressing, and enables the transfers of Display Data from the Host microprocessor 
directly to the Display Data RAM. 
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16. OR DISPLAY DATA 1 0 1 1 D3 D2 D1 DO BO-BF 

The OR DISPLAY DATA command performs a LOGICAL OR between the 
Display Data addressed by the Data Pointer, and 4 bits of immediate data. 
The result is written to the same Display Data location, and the Data Pointer is 
automatically incremented. 

17. AND DISPLAY DATA 1 0 0 1 Dg D2 D1 DO 90-9 F 

The AND DISPLAY DATA command performs a LOGICAL AND between the 
Display Data addressed by the Data Pointer, and 4 bits of immediate data. The result 
is written to the same Display Data location, and the Data Pointer is automatically 
incremented. 

18. OR BLINKING DATA 1 0 1 0 D3 D2 D1 DO AO-AF 

The OR BLINKING DATA command performs a LOGICAL OR between the Blinking 
Data addressed by the Data Pointer, and 4 bits of immediate data. The result is 
written to the same Blinking Data location, and the Data Pointer is automatically 
incremented. 

19. AND BLINKING DATA 1 0 0 0 D3 DZ D1 DO 80-8 F 

The AND BLINKING DATA command performs a LOGICAL AND between the 
Blinking Data addressed by the Data Pointer, and 4 bits of immediate data. The 
result is written to the same Blinking Data location, and the Data Pointer is auto-
matically incremented. 
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COMMAND SUMMARY 

COMMAND DESCRIPTION 

INSTRUCTION CODE 

BINARY 

o-/' O6 I D5 I Dq l D3 I D2 I Di l Dp I HEX 

t. Mode Se[ Set up Driving Mode of LCD, 
ncluding~, 

11 8ackplane drive 

2) Display Bias 

31 LCD Frame Frequencv 

0 1 0 Oq D3 D2 D1 Dp 40-SF 

2. Unsychronous Data Transfer Synchronize writing of display 
data with CS 

0 0 i 1 0 0 0 0 30 

3. Synchronous Data Transfer Synchronize writing of display 
data with LCD Frame 
frequency 

0 0 1 1 0 0 0 1 31 

4. Interrupt Data Transfer Interrupt writing of display 
data 

0 0 1 1 1 0 0 0 38 

5. Clear Display Data Clear the Display Data RAM 
antl the Data Pointer 

0 0 1 0 0 0 0 0 20 

6. Clear Blinking Data Clear [he Blinking Data RAM 
and the Data Pointer 

0 0 0 0 0 0 0 0 00 

7. Load Deta Pointer Load Data Pointer with 5 Bits 
of Immediate Oata 

1 1 1 Dq D3 D2 D7 Dp EDFF 

8. Write Display Data Write 4 Bits of Immediate Data 
to the Display Data Location 

atldresfed by the Date Pointer, 
Increment Data Pointer 

1 1 0 1 D3 D2 D1 Dp DO-DF 

9. Write Blinkinq Data Write 4 Bin of Immetliare Data 
to the Blinking Oata Location 
addressetl by the Date Pointer; 
Increment Data Pointer 

1 1 0 0 D3 D2 D1 Dp C0.CF 

10. Enable Display Start Automatic LCD 
Controller Hardware 

0 0 0 1 0 0 0 1 11 

11. Disable Display Stop Automatic LCD 
Controller Hardware 

0 0 0 1 0 0 0 0 10 

12. Enable Blinking Start the Blinking Operation 
at the Frequency Specified by 
1 Bit of Immediate Data 

0 0 0 1 1 0 1 Dp 1A-iB 

13. Disebta Blinking Stop Blinking Operation 0 0 0 1 1 0 0 0 18 

14. Enable Segment Decoder Select 8-Segment Numeric or 
15-Segment Alphanumeric 
Decoder Addressing 

0 0 0 1 0 1 0 1 15 

15. Disable Segment Decoder Stop Segment Decoder 
Atltlressing; Return to intlivi-
dual segment adtlrassing 

0 0 0 1 0 1 0 0 14 

i6. OR Display Dare Perform a Logical OR 
between the Display Data 
addressed by the Data Pointer 
antl 4 Bits of Immediate Data; 
Write Results to same Display 
Data Location; Increment 
Data Pointer 

1 0 1 1 03 O2 D1 DO 86 BF 

17. AND Display Data Perform a Logical AND 
between the Display Data 
addressed by the Data Pointer 
and 4 Bits of Immediate 
Data: Write Result to same 
Display Data location; 
Increment Data Pointer 

i 0 0 1 D3 D2 D1 Dp 90.9E 

18. OR Blinking Data Perform a Logical OR 
between Blinking Da[a 
addressetl by the Data Pointer 
antl 4 Bits of Immediate 
Data; Write Result to 

ma Blinkinq Data Location; 
Increment Data Pointer 

1 0 1 0 D3 D2 D1 Dp AO-AF 

19. AND Blinking Data Perform a Logical AND 
between Blinking Data 
addressed by Me Data Pointer 
antl 4 Bits of Immediate Data: 
Write Result [o same Location; 
Increment Data Pointer 

1 0 0 0 D3 D2 01 Dp 808E 
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Power Supply  -0.3Vto+7.OV ABSOLUTE MAXIMUM 
All Inputs and Outputs with Respect to VSS   -0.3V to Vpp + 0.3V RATINGS*
Storage Temperature   -40°C to +125°C 
Operating Temperature   -10°C to +70°C 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25~C 

Ta = --10°C to +70°C; VDD = +5 OV ~ 10% 

PARAMETER SYMBOL 

LIMITS 

UNITS CONDITIONS MIN TVP MAX 

Supply Current Ipp 100 µA No Load 

Input High Voltage VIH 0.7 VDD VDD V SI, SCK, C/D, CS, SYNC, 
RESET 

Input Low Voltage VIL 0 0.3 Vpp V SI, SCK, C/D, CS, SYNC, 
RESET 

Clock High Voltage VHF{ 0.7 VDD VDD V CL1, External Clock 

Clock Low Voltage V~L 0 0.3 Vpp V CL7, External Clock 

High Level 
Leakage Current 

ILIN 10 µA SI, SCK, C/D, CS, RESET 

VI =VDD 

Low Level 
Leakage Current 

ILIL -10 µA SI, SCK, C/D, CS, RESET 
V I = OV 

High Level 
Output Voltage 

VOH VDD -0.5 V BUSY, Ipf{ _ -10µA 

Low Level 
Output Voltage 

VOL 0.5 V SYNC, BUSY, IOL = 550 µA, 
Vpp = 5.5V, Ta = 25°C 

High Levet 
Output Current 

IOH --180 µA SYNC, Vp = 0.5, 
Vpp = 5.5V, Ta = 25°C 

2.7 5 VLCD ~ VDD 

PARAMETER SYMBOL 
LIMITS 

UNITS CONDITIONS 
MIN TYP MAX 

Sac kplane Drive 

Output Impedance RCOM 

2 kS2 

kit 

COMP - COM3, 

Display Bias= 1/3 

or Static 

COMP -COMB 

Display Bias = 1/2 

Segment Drive 

Output Impedance 
RSEG ~ 1 k~ SO - S31 

DC ELECTRICAL 
CHARACTERISTICS 

DC ELECTRICAL 
CHARACTERISTICS 
FOR LCD 
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CAPACITANCE Ta = 25° C 

PARAMETER SYMBOL 

LIMITS 

UNITS CONDITIONS MIN TYP MAX 

Input Capacitance CI pF SI, SCK, C/D, CS, 
RESET 

Output Capacitance Cp pF CL2, BUSY, COMO -
COM3, SO-S31 

Input/Output Capacitance CIO pF SYNC 

Clock Capacitance CCLK pF CL1 

AC ELECTRICAL Ta =—to°C to+7o°C;Vpp=+5.OV±1o% 
CHARACTERISTICS 

PARAMETER SYMBOL 
LIMITS 

UNITS CONDITIONS 
MIN TVP MAX 

Clock Frequency fc 200 kHz Rf = kS2 

Clock Cycle tCY~ 5 µS External Clock 

Clock Pulse Width 
High 

tyy~H µS External Clock 

Clock Pulse Width 
Low 

tyy~L µS External Clock 

SCK Cycle tCyK 1 µS 

SCK Pulse Width 
High 

tyyKH nS 

SCK Pulse Width 
Low 

tyyKL nS 

SCK Hold Time tHKB 0 nS after BUSYt 

SI Setup Time tglK 250 nS to SCKt 

SI Hold Time tHKI 200 nS after SCKt 

tpgC 1 µS after CSl BUSYl Delay 
Time 

BUSY Delay 
Time 

tpKB 3 µS after 8thSCKt 

C/D Setup Time tgpK 9 µS to 8th SCKi 

C/D Hold Time tHKp 1 µS after 8th SCKt 

CS Setup Time tSCK µS to 1st SCKl 

C~Hold Time tHKC 1 µS after 8th SCKt 

High Level CS 
Pulse Width 

tyyHC 8 tCym µS 

Low Level SC

Pulse Width 
tWLC 8 tCy~ µS 
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  ~cvol'ir~~  

~ ~--- ~SCK 

\~sA ~DCB 

CS 

eusv 

SCK 

SI 

C/D 

HBK 

~W LK 

~CVK-~ 

HK 

~SIK ~H KI 

~W LO 
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µPD7225G PACKAGE 
DIMENSION 

12.0 TVP 
1 .0-.0.1 

L  

r 
l 

I 

~ I 
~ ~ 

O 

t 

PIN 1 

~ 14.0 TYP 

0.15 TVP r 

   o o c o 0 0 0 0 0 0 0 0 0  

04 TVP 

 1 

~ o F 

1.0.0.1 

L'NIT mm 

21 8 0 4 
2.6 T V P 

I 

7225DS~12-80-CAT 
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NEC Microcomputers, Inc. 
~r 

of 

NBC 
µPD7227 

PROGRAMMABLE LCD CONTROLLER/DRIVER 

DESCRIPTION The µPD7227 is a programmable peripheral device containing all the circuitry neces-
sary for interfacing a microprocessor to a wide variety of dot matrix Liquid Crystal 
Displays (LCDs). The display controller hardware automatically synchronizes the drive 
signals for a multiplexed dot matrix LCD containing up to 16 rows and up to 48 
columns. The µPD7227 is fully compatible with most microprocessors, and communi-
cateswith them through a 3-line, 8-bit serial I/O port. It can be easily configured into 
multiple chip designs for larger LCD applications, and includes an ASCII 5 x 7 dot 
matrix decoder to simplify alphanumeric display data decoding. The µPD7227 is 
manufactured with a fow-power single 5V CMOS process, and is available in a 64-pin 
plastic flat package. 

FEATURES 

PIN CONFIGURATION 

• Single Chip LCD Controller 
• Direct LCD Drive 
• Selectable 8- or 16-Backplane Multiplexed Drive 
• Programmable Display Configurations 

— 8-Row by 40-Column Dot Matrix 
— Cascadable into 

— 16-Row Multiplexed Backplane Applications 
— 40-Column Drive Applications 

• Selectable Display Bias Configuration 

• Automatic Synchronization of Row and Column Drive Lines 
• Dual 40 x 8 Bit RAMS for Display Data Storage 
• Programmable Display Data Addressing 

— Individual Dot 
— 64-Character ASCII 5 x 7 Dot Matrix Decoder 

• 8-Bit Serial Interface 
• Compatible with most 4-Bit, 8-Bit, and 16-Bit Microprocessors 
• Fully Cascadable for Larger LCD Applications 
• Single +5V Power Supply 
• CMOS Technology 
• 64-Pin Plastic Flat Package 

~-_ 

~ll 11 11 11~~11 11 11~11111111,1~11~ 

fl 

U µPD7227 

PIN ASSIGNMENTS TBA 

0 9 ~ 

J~ ~U~~l 

c~J 

t  t

PIN NAMES 

SYMBOL DESCRIPTION 

COl-0LOL3g LCD Column Drive Outputs 

ROWp-ROW7 LCD Row/Column Driw Omputs 

V~ IVLC~1 Ground 

V LCD7-VLCDq LCD Power Supply 

VDD (V LCDS) Power $PDPIy Positive 

SCK Serial Clock Input 

sl Serial input 

50/BUSY Serial Output/Bury Output 

CB CniP $elect 

GD Command Data Select 

SYNC Syncnronization Signal 1/O Port 
for cascaded applications 

CL System Clack Input 

RESET Reset Input 

NC No Connection 
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BLOCK DIAGRAM 
ROWO — ROW7 

OR 

ROWB -ROW15 coLD - coL39 
ao 

ROW/COLUMN 

DRIVER 
COLUMN DRIVER 

8 

VDD IV LCD01

V LCDI  

V LCDZ —

VLCD3 

V LC Uq  

V SS IV LCD51  

LCD 

VOLTAGE 

CONTROL 

16 

SV NC 

RESET --r

l
lL 

.~ 

L _. 

o+ ~o ~_ 

NiN 

LCD TIMING 
CONTROL 

SYSTEM 
CLOCK 

CONTROL 

40 

4 

D ISP LAV DATA RAM 1 
140 x 6 BITI 

DISPLAY DATA RAM 0 
140 x 8 BITI 

COMMAND 

DECODER 

DATA 

POINTER 

ASC I I 
CHARACTER 

GENERATOR 

164x 5x7BIT) 

8 

READ/WRITE 
CONTROL 

f 
CS 

t 
GD 

EXECUTION REGISTER 

SERIAL INTERFACE. 

SCK SI SO/BUSY 

O 

y   200 Tva 

u_u ua 
 C 

0 
a 
0 
0 
0 
0 
a 
0 
0 
a 

0 
0 

0.16 MAx —►,~—

µPD7227G PACKAGE 
DIMENSIONS 
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NEC Microcomputers,lnc. 

DIGITAL SIGNAL PROCESSOR ~~ ~, ~~ 

NBC 
µ PD7720 

~_~ ".~~] 

DESCRIPTION The NECµPD7720 Signal Processing Interface (SPI) is an advanced architecture 
microcomputer optimized for signal processing algorithms. Its speed and flexibility 

allow the SPI to efficiently implement signal processing functions in a wide range of 

environments and applications. 

The NEC SPI is the state of the art in signal processing today, and for the future. 

APPLICATIONS • Speech Synthesis and Analysis 
• Digital Filtering 
• Fast Fourier Transforms (FFT) 
• Dual-Tone Multi-Frequency (DTMF) Transmitters/Receivers 
• High Speed Data Modems 
• Equalizers 
• Adaptive Control 
• Sonar/Radar Image Processing 
• Numerical Processing 

PERFORMANCE • Second Order Digital FilterlBiQuad) 2.25µs 
BENCHMARKS • SINE/COS of Angles 5.25µs 

• µ/A LAW to Linear Conversion 0.50 µs 
• FFT: 32 Point Complex 0.7 ms 

64 Point Complex 1,6 ms 

FEATURES • Fast Instruction Execution — 250 ns 
• 16 Bit Data Word 
• Multi-Operation Instructions for Optimizing Program Execution 

• Large Memory Capacities 
— Program ROM 512 x 23 Bits 
— Coefficient ROM 510 x 13 Bits 
— Data RAM 128 x 16 Bits 

• Fast (250 ns) 16 x 16-31 Bit Multiplier 
• Dual Accumulators 
• Four Level Subroutine Stack for Program Efficiency 

• Multiple I/O Capabilities 
— Serial 
— Parallel 
— DMA 

• Compatible with Most Microprocessors, Including: 
— µPD8080 
— µPD8085 
— µPD8086 
— µPD780(ZBaTM~) 

• Power Supply +5V 
• Technology NMOS 
• Package — 28 Pin Dip 

Z80 is a trademark of Zilog Corporation. 
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~, PD7720 
NC C 1 28 ] 

VCC 

DACK [ 2 27 ] AO 

DRO [ 3 26 ] ~ 

PO [ 4 25 ] ~ 

P1 [ 5 24 ] VVF~ 

DO [ 6 23 ] SORO 

D1 [ 7 µPD7720D 
22 ~ SO 

D2 [ s z1 ] sl 
D3 C 9 20 ~ SOEN 
p4 [ 10 19 ] SfEN 
p5 [ 11 16 ] SCK 

ps [12 17]INT 

p7 [ 13 1fi ] RST 

GND C 14 15 ] CLK 

PIN CONFIGURATION 

Fabricated in high speed NMOS, theµPD7720 SPI is a complete 16-bit microcomputer FUNCTIONAL DESCRIPTION 
on a single chip. ROM space is provided for program and coefficient storage, while 

the on-chip RAM may be used for temporary data, coefficients and results. Computa-
tional power is provided by a 16-bit Arithmetic/Logic Unit (ALU) and a separate 
16 x 16 bit fully parallel multiplier. This combination allows the implementation of a 
"sum of products" operation in a single 250 nsec instruction cycle. In addition, each 
arithmetic instruction provides for a number of data movement operations to further 
increase throughput. Two serial I/O ports are provided for interfacing to codecs and 
other serially-oriented devices while a parallel port provides both data and status 
information to conventional ,uP for more sophisticated applications. Handshaking 
signals, including DMA controls, allow the SPI to act as a sophisticated programmable 
peripheral as well as a stand alone microcomputer. 

Memory is divided into three types, Program ROM, Data ROM, and Data RAM. 

The 512 x 23 bit words of Program ROM are addressed by a 9-bit Program Counter 
which can be modified by an external reset, interrupt, call, jump, or return instruction. 

The Data ROM is organized in 512 x 13 bit words and is also addressed through a 9-bit 
ROM pointer (RP Reg.) which may be modified as part of an arithmetic instruction 

so that the next value is available for the next instruction. The Data ROM is ideal 
for storing the necessary coefficients, conversion tables and other constants for all 
your processing needs. 

The Data RAM is 128 x 16 bit words and is addressed through a 7-bit Data Pointer 
(DP Reg.l. The DP has extensive addressing features that operate simultaneously with 

arithmetic instructions so that no added time is taken for addressing or address 
modification. 

~~ ~~ ~o~~ wCE 

=.~~K 
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PIN IDENTIFICATION 
PIN NAME I/O FUNCTION 

1 NC I No Connection. 

2 I DMA Request Acknowledge. Indicates to the 
µPD7720 that the Data Bus is ready for a DMA 

DACK 

transfer. (DACK = CS. Ap = 01 

3 DRO 0 DMA Request signals that the µPD7720 is 
requesting a data transfer on the Data Bus. 

4,5 Pp, P1 0 Pp, P1 are general purpose output control lines. 

6-13 Dp-D7 I/O Tristate Port for data transfer between the Data Register 
or Status Register and Data Bus. 

14 GND 

15 CLK I Single phase Master Clock input. 

16 RST I Reset initializes the µPD7720 internal logic and 
sets the PC to 0. 

17 INT I Interrupt. A low to high transition on this pin 

will (if interrupts are enabled by the program) 

execute a call instruction to location t00H. 

18 SCK I Serial Data Input/Output Clock. A serial data 
bit is transferred when this pin is high. 

19 SIEN I Serial Input Enable. This l ine enables the shift 
clock to the Serial Input Register. 

20 I Serial Output Enable. This pin enables the shift 
clock to the Serial Output Register. 

SOEN 

21 SI I Serial Data Input. This pin inputs 8 or 16 bit 
serial data words from an external device such 
as an A/D converter. 

22 SO 0 Serial Data Output. This pin outputs 8 or 16 
bit data words to an external device such as an 
0/A converter. 

23 SORO O Serial Data Output Request. Specifies to an 
external device that the Serial Data Register 
has been loaded and is ready for output. 
SORO is reset when the entire 8 or 16 bit 
word has been transferred. 

24 WR I Write Control Signal writes the contents of 
data bus into the Data Register. 

25 RD I Read Control Signal. Enables an output to 
the Data Port from the Data or Status 
Register. 

26 CS I Chip Select. Enables data transfer with 
Data or Status Port with RD or WR. 

27 Ap I Selects Data Register for Read/Write (low) or 
Status Register for read (highl. 

28 VCC +5V Power 
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General ARITHMETIC 

One of the unique features of the SPI's architecture is its arithmetic facilities. With a CAPABILITIES 

separate multipler, ALU, and multiple internal data paths, the SPI is capable of 

carrying out a multiply, an add, or other arithmetic operation, and move data between 

internal registers in a single instruction cycle. 

ALU 

The ALU is a 16-bit 2's complement unit capable of executing 76 distinct operations 
on virtually any of the SPI's internal registers, thus giving the SPI both speed and 
versatility for efficient data management. 

Accumulators (ACCA/ACCB) 

Associated with the ALU are a pair of 16-bit accumulators, each with its own set of 

flags, which are updated at the end of each arithmetic instruction (except NOPI. In 
addition to Zero Result, Sign Carry, and Overflow Flags, the SPI incorporates auxil-
liary Overflow and Sign Flags (SA1, SB1, OVA1, OV611. These flags enable the 

detection of an overflow condition and maintain the correct sign after as many as 3 

successive additions or subtractions. 

FLAG A 

FLAG B 

SA1 SAO CA ZA OVA1 OVAO 

S61 SBO CB ZB OVB1 OVBO 

ACC A/B FLAG REGISTERS 

Sign Register (SGN) 

When OVA1 (or OV81) is set, the SA1 (or SB1) bit will hold the corrected sign of the 

overflow. The SGN Register will use SA1 (SB1) to automatically generate saturation 
constants 7FFFH1+) or 8000H1- ) to permit efficient limiting of a calculated valve. 

Multiplier 

Thirty-one bit results are developed by a 16 x 76 bit 2's complement multiplier in 
250 ns. The result is automatically latched in 2-16-bit registers M&N (LSB in N is 
zero) at the end of each instruction cycle. The ability to have a new product available 
and to be able to use it in each instruction cycle, provides significant advantages in 
maximizing processing speed for real time signal processing. 

Stack 

The SPI contains a 4-level program stack for efficient program usage and interrupt 
handling. 

Interrupt 

A single level interrupt is supported by the SPI. Upon sensing a high level on the INT 
terminal, a subroutine call to location 100H is executed. The EI bit of the status 
register is automatically reset to 0 thus disabling the interrupt facilities until reenabled 
under program control. 
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INPUT/OUTPUT General 

The NEC SPI has 3 communication ports; 2 serial and one 8•bit parallel, each with 
their own control lines for interface handshaking. The parallel port also includes DMA 
control lines (DRO and DACK) for high speed data transfer and reduced processor 
overhead. A general purpose 2 bit output (see Figure 1) port, rounds out a full comple-
ment of interface capability. 

PARALLEL I/O 

BUS 

INTERFACE 
(BUS) 

DMA 
INTERFACE (( 

INTERRUPT 

RESET 
CLOCK 

i  

G ;
,. 
,. 

DO ^' D7 

SO ~ RD 
SORO 

WR 
_ 

CS SOEN SERIAL I/O 
INTERFACE AO SCK -~ 

µPD7720 
~ SI 

DACK SIEN  "~ 
DRO 

INT PO

RST P1 I OUTPUT PORT ~ 
CLK 

Serial I/O 

Two shift registers (SI, SO) that are software-configurable to 8 or 16 bits and are 
externally clocked (SCK) provide simple interface between the SPI and serial periph-

erals such as, A/D and D/A converters, codecs, or other SPIs. 

SERIAL 1/O TIMING 

SCK 

0A 

08 

SORO 

SO EN 

OUTPVT 
DATA 

M IGH Z 

a 

50 ACK J 
SO LOAD 

INPUT DATA 

SIEN 

SI REG 

LOAD PU LSE 

SI ACK 

( 

~•  HIGH Z 

 _  0  _ 

(NE%T DATA SETT 

O1  Data clocketl out on falling etlpe of SCK. 

® Date clockaE in on r~sinp MW e~ sL K. 

03 Broken lino tlanotes consacu [ive »ntlin9 of next tlrta. 

L. 

The 8-bit parallel I/O port may be used for transferring data or reading the SPI's 
status. Data transfer is handled through a 16-bit Data Register (DR) that is software-
configurable for double or single byte data transfers. The port is ideally suited for 

operating with 8080, 8085 and 8086 processor buses and may be used with other 

processors and computer systems. 
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PARALLEL RNV OPERATION 

CS AO WR RD OPERATION 

1 
X 

X 
X 

X 
1 

X l 
1 

f No effect on internal operation. DO-D7 are at 

l high impedance levels. 

0 0 0 1 Data from Dp-D7 is latched to DR 

0 0 1 0 Contents of DR are output to DO-D7 01

0 1 0 1 Illegal 

0 1 1 0 Eight MSBs of SR are output to DO-D7 

0 X 0 0 Illegal 

Q1 Eight MSBs or 8 LSBs of data register (DR) are used depending on DR 

status bit (DRS). 
The condition of DACK = 0 is equivalent to Ap = CS = 0. 

Status Register (SR) 

MSB LSB 

RQM USFi USFO DRS DMA DRC SOC SIC EI o ~ o ~ o l o o P1 PO 

The status register is a 16-bit register in which the 8 most significant bits may be 
read by the system's MPU for the latest I/O and processing status. 

ROM — (Request for Master): 

USF1 — (User Flag 11: 
USFO — (User Flag Ol 

DRS — (DR Statusl: 

DMA— (DMA Enabler 

DRC — (DR Control) : 

SOC —ISO Control): 

SIC — (SI Control): 

EI — (Enable Interrupts 

PO/P1 (Ports 0 and 11: 

A read or write from DR to IDB sets ROM = 1. An 
Ext read (write) resets ROM = 0. 

General purpose flags which may be read by an external 
processor for user defined signalling 

For 16 bit DR transfers (DRC = 01 DRS = 1 after 
first 8 bits have been transferred, DRS = 0 after all 

16 bits 

DMA = 0 (Non DMA transfer model 
DMA = 1 (DMA transfer model 

DRC = 0 (16 bit model, DRC = 1 18 bit mode) 

SOC = 0 (16 bit model, SOC = 1 (8 bit model 

SIC = 0 (16 bit mode), SIC = t (8 bit mode) 

EI = 0 (interrupts disabled), EI = 1 (interrupts enabled) 

PO and P1 directly control the state of output pins PO 
and P1 
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INSTRUCTIONS The SPI has 3 types of instructions all of which are one word, 23 bits long and execute 
in 250 ns. 

A) Arithmetic/Move-Return (OP = 00/RT = 01) 

22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OP 0 0 P-
SELECT 

ALU ~ DPL DPR M SRC DST 

RT 0 1 Same as OP instruction 

There are two instructions of this type, both of which are capable of executing all 

ALU functions listed in Table 2 on the value specified by the ALU input (i.e., P select 
field see Table 1). 

Table 1. OP, RT 

Mnemonic 

P-Select Field 

D20 Dig ALU Input 

RAM 0 0 RAM 

IDB 0 1 * Internal Data Bus 

M 1 0 M Register 

N 1 1 N Register 

`Any value on the onchip data bus. Value may be selected from any of registers listed in Table 7 
source register selections. 
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Table 2. OP, RT 

Flw Affected 

Mnemonic 

ALU Field 

ALU Function 

Flap A 

FIapB 

SAl SAO CA 2A OVA7 OVAO 

Dtg Dt7 Dt6 Dts 561 S80 CB Z6 OVB1 OVBO 

NOP 0 0 0 0 No Operation — — — — — —

OR 0 0 0 1 OR 0 S I 0 0 0 

AND 0 0 1 0 AND 0 1 1 0 0 0 

XOR 0 0 1 1 Exclusive OR 0 S S 0 0 0 

SUB 0 1 0 0 Subtract S S 2 S I 0 

ADD 0 1 0 1 ADD S, I S S S S 

S68 0 1 1 0 Subtract with S 2 I S f S 
Borrow 

ADC 0 1 1 1 Add with Carry S S Z S 2 S 

DEC 1 0 0 0 Decrement ACC S 2 S S S S 

INC 1 0 0 1 Increment ACC S S I S S S 
CMP 1 0 1 0 Complement ACC S I 1 0 0 0 

It's Complement) 

SHR7 1 0 1 1 1-bit R-Shift I 1 S 0 0 0 
SHLI 1 1 0 0 1-bit L-Shift S S S 0 0 0 
SHL2 1 1 0 1 2bit L-Shift 0 S S 0 0 0 

$HL4 1 1 1 0 Obit L-Shift 0 2 I 0 0 0 
XCHG 1 1 1 1 8-bit Exchange 0 T Z 0 0 0 

I nfreaac ov rosws 
— No affect 
p fiasat 

Table 3. OP, RT 

Mnemonic 

ASL Field 

ACC Selection D14 

ACCA 0 ACC A 

ACCB 1 ACCB 

Table 4. OP, RT 

Mnemonic 

DPL Field 

D13 D 1 2 DP3-DPO 

DPNOP 0 0 No Operation 

DPINC 0 1 Increment DPL 

DPDEC 1 0 Decrement DPL 

DPCLR 1 1 Clear DPL 

Table 5.OP, RT 

Mnemonic 

DPH-M Field 

Exclusive OR D11 D10 Dg 

MO 0 0 0 (DP6 DP5 DPq) ~ (0 0 0) 

M1 0 0 1 DP6 DP5 DPq 1F (0 0 1) 

M2 0 1 0 DP6 DP5 +DPq ~ (0 1 0) 

M3 0 1 1 DP6 DP5 DPq ~ (0 1 1) 

M4 1 0 0 pps DP5 DPq ~ (1 0 01 
M5 1 0 1 DP6 DP5 DPq aF (1 0 1) 

M6 1 1 0 DP6 DP5 DPq ~ (1 1 0) 

M7 1 1 1 DP6 DP5 DPq ~ (1 1 1 
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Table 6. OP,RT 

Mnemonic 

RPDCR 

Operation Dg 

RPNOP 

RPDEC 

0 

1 

No Operation 

Decrement RP 

Besides the arithmetic functions these instructions can also modify (1) the RAM 
Data Pointer DP, (2) the Data ROM Pointer RP, and 13) move data along the on-chip 
data bus from a source register to a destination register (the possible source and 
destination registers are listed in Tables 7 and 8 respectively). The difference in the 

two instructions of this type is that one executes a subroutine or interrupt return at 
the end of the instruction cycle while the other does not. 

Table 7. OP, RT 

Mnemonic 

SRC Field 

Specified Register D7 Dg D5 Dq 

NON 0 0 0 0 NO Register 

A 0 0 0 1 ACC A (Accumulator A) 

B 0 0 1 0 ACC B (Accumulator BI 

TR 0 0 1 1 TR Temporary Register 

DP 0 1 0 0 DP Data Pointer 

RP 0 1 0 1 RP ROM Pointer 

RO 0 1 1 0 RO ROM Output Data 

SGN 0 1 1 1 SGN Sign Register 

DR 1 0 0 0 DR Data Register 

DRNF 1 0 0 1 DR Data No Flag Qt 

SR 1 0 1 0 SR Status 

SIM 1 0 1 1 SI Serial in MSB Q 

SIL 1 1 0 0 SI Serial in LSB Q 

K 1 1 0 1 K Register 

L 1 1 1 0 L Register 

MEM 1 1 1 1 RAM 

Q1  DR to IDB ROM not set. IN DMA DRO not set. 
© First bit in goes to MSB, last bit to LSB. 
Q3 First bit in goes to LSB, last bit to MSB (bit reversedl. 

Table 7 —List of Registers Specified by the Source Field (SRC) 
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Tabte 8. OP, RT, LDI 

Mnemonic 

DST Field 

Specified Register D3 D2 D1 DO 

@NON 0 0 0 0 NO Register 

@A 0 0 0 1 ACC A (Accumulator A) 

@B 0 0 1 0 ACC B (Accumulator B) 

@TR 0 0 1 1 TR Temporary Register 

@DP 0 1 0 0 DP Data Pointer 

@RP 0 1 0 1 RP ROM Pointer 

@DR 0 1 1 0 DR Data Register 

@SR 0 1 1 1 SR Status Register 

@SOL 1 0 0 0 SO Serial Out LSB Q1

@SOM 1 0 0 1 SO Serial Out MSB Q2 

@K 1 0 1 0 K (Multi 

@KLR 1 0 1 1 IDB —> K ROM --~ L Q3 

@KLM 1 1 0 0 Hi RAM y K IDB ~ L 

@L 1 1 0 1 L (R4ult) 

@NON 1 1 1 0 NO Register 

@MEM 1 1 1 1 RAM 

~1  LSB is firs bit out. 
~2 MSB is first bit out. 
~3 Internal data bus to K and ROM to L register. 
® Contents of RAM address specified by DP6 = 1 (i.e., 1, DPS, 

DPG,-DPO) is placed in K register. IDB is placed in L. 

Table 8 —List of Registers Specified by the Destination Field (DST) 

Bl Jump/Call/Branch 

22 21 20 t 9 18 17 16 15 14 13 12 1 1 10 9 8 7 6 5 4 3 2 1 0 

10 BRCH CND NA 

JP Instruction Field Specifications 

Three types of execution address modification instructions are accommodated by the 
processor and are listed in Table 9. All of the instructions, if unconditional or the 
specified condition is true, take their next program execution address from the Next 
Address field (NA1, otherwise PC = PC + 1. 

Table 9. Branch Field Selections (BRCH) 

20 19 18 Instruction 

1 0 0 Uncondition jump 

1 0 1 Subroutine call 

0 1 0 Condition jump 

For the conditional jump instruction, the condition field specifies the jump condition. 
Table 10 lists all the instruction mnemonics of the J/C/B OP codes. 

The SPI offers all the execution modification instructions necessary for efficient, data, 
I/O and arithmetic control. 
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Table 10. Condition Field Specifications 

Mnemonic 

BRCH/CND Fields 

Conditions D20 D19 D18 D17 D16 D15 D14 D18 

JMP 1 0 0 0 0 0 0 0 No Condition 

CALL 1 0 1 0 0 0 0 0 No Condition 

JNCA 0 1 0 0 0 0 0 0 CA = 0 

JCA 0 1 0 0 0 0 0 1 CA = 1 

JNCB 0 1 0 0 0 0 1 0 CB = 0 

JCB 0 1 0 0 0 0 1 1 CB = 1 

JNZA 0 1 0 0 0 1 0 0 ZA = 0 

JZA 0 1 0 0 0 1 0 1 ZA = 1 

JNZB 0 1 0 0 0 1 1 0 ZB = 0 

JZB 0 1 0 0 0 1 1 1 ZB = 1 

JNOVAO 0 1 0 0 1 0 0 0 OVAO=O 

JOVAO 0 1 0 0 1 0 0 1 OVAO = 1 

JNOVBO 0 1 0 0 1 0 1 0 OVBO = 0 

JOVBO 0 1 0 0 1 0 1 1 OV60= 1 

JNOVAI 0 1 0 0 1 1 0 0 OVA1 = 0 

JOVA1 0 1 0 0 1 1 0 1 OVA1 = 1 

JNOVBI 0 1 0 0 1 1 1 0 OVB1=0 

JOVB1 0 1 0 0 1 1 1 1 OV81 = 1 

JNSAO 0 1 0 1 0 0 0 0 SAO = 0 

JSAO 0 1 0 1 0 0 0 1 SAO = 1 

JNSBO 0 1 0 1 0 0 1 0 SBO = 0 

JSBO 0 1 0 1 0 0 1 1 SBO = 1 

JNSA1 0 1 0 1 0 1 0 0 SA1 = 0 

JSA1 0 1 0 1 0 1 0 1 SA1 = 1 

JNSB1 0 1 0 1 0 1 1 0 S61 = 0 

JSB1 0 1 0 1 0 1 1 1 SB1 = 1 

JDPLO 0 i 0 1 1 0 0 0 DPL = 0 

JDPLF 0 1 0 1 1 0 0 1 DPL = F (HEX) 

JNSIAK 0 1 0 1 1 0 1 0 SI ACK = 0 

JSIAK 0 1 0 1 1 0 1 1 SI ACK = 1 

JNSOAK 0 1 0 1 1 1 0 0 SO ACK = 0 

JSOAK 0 1 0 1 1 1 0 1 SO ACK = 1 

JNROM 0 1 0 1 1 1 1 0 ROM = 0 

JROM 0 1 0 1 1 1 1 1 ROM = 1 

"'BRCH or CND values not in this table are prohibited 
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C) Load Data (LDI) 

22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

11 ID DST 

The Load Data instruction will take the 16-bit value contained in the Immediate Data 
field (ID) and place it in the location specified by the Destination field (DST) (see 
Table 8). 

INT'L CLK 

ROM ADDRESS 

INSTLATCH 

REGISTER 
ADDRESS 

RAM ADDRESS 

Load Data Field Specifications 

I ~2 I 03 I ~4 I ~1 I ~2 I ~3 I ~4 ( ~1 I ~2 

INTERNAL BUS ~ ~ ~ ~ 

REGISTER 8 RAM 
WRITE ALU INPUT 

ALU OUTPUT 

ACC LATCH 

MULTIPLIER 
SET 

INSTRUCTION EXECUTION TIRING 

530 



ftPD7720 

ABSOLUTE MAXIMUM Voltage (VCC Pin)   - 0.5 to+7.0 Volts ~ 

RATINGS Voltage, Any Input   - 0.5 to+7.0 Volts 

Voltage, Any Output   -0.5 to +7.0 Volts 

Operating Temperature   - 10°C to +70°C 

Storage Temperature   - 65°C to +150°C 

Note: Q1  With respect to GND. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above thou indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'T a = 25°C 

DC CHARACTERISTICS 

CAPACITANCE 

Ta = -10 ~ +70° C, VCC = +5 V t 5 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITION 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH 2.0 VCC+0.5 V 

CLK Low Voltage V~L -0.5 0.45 V 

CLK High Voltage VmH 3.5 VCC+0.5 V 

Output Low Voltage VOL 0.45 V IpL = 2.0 mA 

Output High Voltage VOH 2.4 V IOH =-400 µA 

Input Load Current ILIL -10 µA VIN = OV 

Input Load Current ILIH 70 F+A VIN =VCC 

Output Float Leakage ILOL -10 µA VOUT =VCC 

Output Float Leakage ILOH 10 µA VOUT = 0.47V 

Power Supply Current ICC 200 280 mA 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITION 

CLK, SCK Input 
Capacitance 

C~ 20 pF 

fc = 1 MHz Input Pin Capacitance CIN 10 pF 

Output Pin Capacitance COOT 20 pF 
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PARAMETER SYMBOL MIN TYP MAX UNIT CONDITION 

CLK Cycle Time 4CY 125 2000 ns 

CLK Pulse Width ~p 50 ns 

CLK Rise Time ~R 20 ns 

CLK Fall Time qp 20 ns 

Address Setup Time for RD tqR 0 ns 

Address Hold Time for RD tqA 0 ns 

RD Pulse Width tqq 200 ns 

Data Delay from RD tRp 150 ns CL = 100 pF 

Read to Data Floating tpF 20 100 ns CL = 100 pF 

Address Setup Time for WR tgyy 0 ns 

Address Hold Time for WR tyyq 0 ns 

WR Pulse Width tyyyy 200 ns 

Data Setup Time for WR tpyy 150 ns 

Data Hold Time for WR tyyp 0 ns 

DRO Delay tAM 150 ns CL = 100 pF 

SCK Cycle Time tSCY 480 DC ns 

SCK Pulse Width tSCK 230 ns 

SCK Rise/Fall Time tRSC 20 ns 

SORO Delay tDRO 30 150 ns CL = 100 pF 

SOEN Setup Time tSOC 50 ns 

SOEN Hold Time tCSO 10 ns 

SO Delay tDCK 150 ns 

SO Delay from SORO tDZRO " 

SO Delay from SCK tDZSC ` 

SO Delay from SO EN tDZE ` 

SOEN to SO Floating tHZE ' 

SCK to SO Floating tHZSC ' 

SORO to SO Floating tHZRO ' 

SIEN, SI Setup Time tpC 50 ns 

SISIEN, SI Hold Time tCp 20 ns 

Pp, P1 Delay tpp 300 ns 

RST Pulse Width tRST 4 mCY 

INT Pulse Width tINT 8 ICY 

`To be specified 

AC CHARACTERISTICS 
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TIMING WAVEFORMS CLOCK 

ICY 

CLK ~ ~C 

Ap, CS, AD CK 

RD 

f -~D—i" 

~r 4f 

i 

"f--~D —~ 

READ OPERATION 

tAR 

DBp.., 7—

Ap, CS, DACK 

WR 

tRR 

"~~RD

tRA f 

tDF 

WRITE OPERATION 

tgyy 

DBp .., ~ 

DACK 

e~ 

DMA OPERATION 

tAM 

ORQ 

.t-

tWA ~. 
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SCK 

SORO 

SOEN 

SO 

SIEN 

SI 

~~ 

~tDRO 

SERIAL TIMING 

tRSC 

f 
-► t r tSCY i' 

tSCK 

~r~ 

tSCK f-

TIMING WAVEFORMS 
(CON'T.) 

i 

~a-tCSO 
tSOC -~ 

~DCK 
"~ 

CLK 

PO• P1 

RST 

INT 

tDCK~ 

tDZRO 

tHZE 
tDZSC 

~- tCD 

tpC~  ~~ 

tCD 

tDC-► 

PORT OUTPUT 

tHZSC 

ftRST --~ 

f tSOC 

~-tINT 

11 

~r tDRD 

tDZ~ ~ ~-tHZRO 
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SENSOR 

MICROPHONE 
THERMAL 
PRESSURE 
LIGHT 

ANALOG IN y 

—► B. F 

BANDLI MITING 
FILTER 

--s A/D .—a 

AN ANALOG TO 
ANALOG DIGITAL 
PROCESSING SVSTEM 
USING A SINGLE SPI 

ANALOG 
IN 

SPI 
FFT) 

~y 
DATA & 
D ISPLAV 
CONTROL 

SPECTRUM ANALYSIS SYSTEM 

CLOCK 

GENERATOR 

PRODUCT EXAMPLE 
USING THE NPD7720 

F REO ~ 

B.F. —'►~ A/D 

SCK 

SI SORO 

SPI 

STEFr  SO 
SOEN 

INPUT 
CONTROL 

A SIGNAL PROCESSING 
SYSTEM VSING SPlls) 
AS A COMPLEX COMPUTER 
PERIPHERAL 

1 

SVSTEM BUS 

,~_ SCK 

SO 
SPI 

SI SORO 
S~ 

 >. 

1 

D/q 

A SIGNAL PROCESSING SVSTEM USING 
CASCADED SPIs & SERIAL COMMUNICATION. 

HOST 
CPU 

MEMORY 

ANALOG 
OUT 

RECONSTRUCTION 
FILTER 

R.F 

A/D SI 

SPI 

SO 

DRO 7 

DACK 1 

A/D r y

D/A  I -

SI 

SPI 

SO 

• 

• 

DRG Inl 

DMA 
CONTROLLER 

DACK In) 

ANALOG 
OUT 

772ODS 12-80-CAT 
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NEC Microcomputers, Inc. IY~C 
µPD8155 
µPD8155-2 
µPD8158 
µPD8158-2 

2048 BIT STATIC MOS RAM WITH 
I10 PORTS AND TIMER 

DESCR IPTION The µPD8155 and µPD8156 are µPD8085A family components having 256 X 8 Static 
RAM, 3 programmable I/O ports and a programmable timer. They directly interface 
to the multiplexed µPD8085A bus with no external logic. The µPD8155 has an active 
low chip enable while the µPD8156 is active high. 

FEATURES 256 X 8-Bit Static RAM 

• Two Programmable 8-Bit I/O Ports 

• One Programmable 6-Bit I/O Port 

• Single Power Supplies: +5 Volt, ±10% 

• Directly interfaces to the µPD8085A and µPD8085A-2 

• Available in 40 Pin Plastic Packages 

PIN CONFIGURATION PC3 

PCq 

TIMER IN 
RESET 

PC5 

TIMER OUT 

10/M 

CE/C E• 
RD 

WR 

ALE 
ADO 

ADS 

ADZ 

AD3 
AD4 

AD5 

A Dg 

A07 
v~ 

t 

2 

3 
4 

5 

6 
7 

8 

9 

10 

tt 

t2 

13 

14 

15 

16 

t7 

t8 

t9 
20 

NPD 
8155/ 
8156 

µPD8155: CE 

µPD8i56: CE 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 
zt 

ACC 
PCZ 

PCt 

PCp 

P87 

PBg 

P85 
PBq 

PBg 

PBZ 

PBt 

PBO 

PA7 

PAg 

PA5 

PAq 

PAg 

PAZ 

PAt 
PAp 

Rev/2 
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The µPD8155 and µPD8156 contain 2048 bits of Static RAM organized as 256 X 8. 

The 256 word memory location may be selected anywhere within the 64K memory 

space by using combinations of the upper 8 bits of address from the µPD8085A as a 
chip select. 

The two general purpose 8-bit ports (PA and PB) may be programmed for input or 
output either in interrupt or status mode. The single 6-bit port (PC) may be used as 

control for PA and PB or general purpose input or output port. The µPD8155 and 

µPD8156 are programmed for their system personalities by writing into their 

Command/Status Registers (C/SI upon system initialization. 

The timer is a single 14-bit down counter which is programmable for 4 modes of oper-

ation; see Timer Section. 

VCf, 1+5V1 

s 
ADT -ADC ~~ 

IO;M 

CE 

ALE 

WR 

RESET 

RD 

TIMER IN 

L 
q 
T 

  C 
H 

  C 
O 
N 

 - T 
R 

  O 
L 

R 
A 
M 

-r—~f► 

H 

P 
A 

P 
C 

-~ /~ PAS PAC 
8 

8 
~  PB 

TIMER 

6 

IOVI 

P~0 

PC5 PCC

TIMER OUT 

FUNCTIONAL 
DESCRIPTION 

BLOCK 

DIAGRAM 

Operating Temperature  0'C to +70~C ABSOLUTE MAXIMUM 
Storage Temperature (Plastic Package)  —40°C to +125°C RATINGS' 
Voltage on Any Pin   —0.3 to +7 Volts 
Power Dissipation   1.5 W 

Note: ~ With Respect :o Ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

•Ta = 25 C 
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PIN IDENTIFICATION I PIN 

FUNCTION L NO. SYMBOL NAME 

1, 2, 5 
39, 38, 37 

PC3, PCq, PC5 
PC2, PC1, PCO 

Port C Used as control for PA and 
PB or as a 6-bit general 
purpose port 

3 TIMER IN Timer Clock In Clock input to the 14•bit 
binary down counter 

4 RESET Reset In From µPD8085A system reset 
to set PA, PB, PC to the input 
mode 

6 TIMER OUT Timer Counter Output The output of the timer 
function 

7 10/M I/O or Memory 
Indicator 

Selects whether operation to 
and from the chip is directed 
to the internal RAM or to 
I/O ports 

8 CE/CE Chip Enable Chip Enable Input. Active 
low for µP08155 and 
active high for µPD8156 

9 RD Read Strobe Causes Data Read 

10 WR Write Strobe Causes Data Write 

11 ALE Address Low Enable Latches low order address 
in when valid 

12-19 ADO — AD7 Low Address/Data 3-State address/data bus 
to interface directly to 
µPD8085A 

20 VSg Ground Ground Reference 

21-28 PAp — PA7 Port A General Purpose I/O Port 

29-36 PBp — P67 Port B General Purpose I/O Port 

40 VCC 5 Volt Input Power Supply 

DC CHARACTERISTICS Ta = 0°C to +70°C; VCC = 5V ± 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP[ MAX 

Input low Voltage VIL —0.5 0.8 V 

Input High Voltage VIH 20 VCC+0.5 V 

Output Low Vdtage VOL 0.45 V IpL = 2 mA 

Output High Voltage Vpl.f 2.4 V IOH = 400µA 

Input Leakage IIL t10 µA VIN = V(~ to OV 

Output Leskage Current ILp t10 µA 0.45V G VOUT 
VCC 

VCC SuPPIy Cunent ICC 180 mA 

Chip 
Enable 
Leakage 

µPD8155 IIL ICE) +100 µA 
VIN ̀ VCC to OV 

µPD8156 IILICE) —100 µA 
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Ta = 0° C to +70°C; VCC = 5V ± 10% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS 

8155/8155 8155.2/8756.2 

MIN MAX MIN MAX 

Address to Latch Se[ Up Time tAL 50 30 ns 

150 pF LOW 

Address Hold Time after Latch tLA 80 30 ^s 
Latch tc READ/WRITE Control tLC 100 40 ns 
Valid Data Out Delav from READ Control tRD 170 140 
Adtlress Stabfe to Data Out Valid tAD 400 330 ns 
Lath Enable Width tLL 100 70 ns 

Data Bus Float After BEAD tR DF 0 100 0 80 ns 
READ/WRITE Control to Latch Enable rCL 20 10 ns 
READ/WRITE Control Width tCC 250 200 ns 
Data In to WRITE Set UP Time tDW 750 100 n 
Data In Hold Time After WRITE tW0 0 0 ns 
Reww:ry Time Between Controls tRV 300 200 ns 
WRITE to Port Output tWP 400 300 ns 
Port Input Setup Time tPR 70 50 ns 

Port Input Hold Time tRP 50 10 ns 
Strobe to Buffer Full tSBF 600 300 ns 
Strobe Width tSS 200 150 ns 
READ [o Buffer Empty tRBE d00 300 ns 
Strobe to INTR On 751 400 300 ^s 
READ to INTR Off tRDI 400 300 ^s 
Por[ Setup Time to Strobe tPSS 50 0 ^s 
Port Hold Time After Strobe sPHS 120 100 ns 
Strobe to Buffer Empty tSBE 400 300 ^s 
WRITE to Buffer full IyygE 400 300 
WRITE to INTR Off tWl 400 300 ns 
TIMER-IN to TIMER-OUT low tTL 400 300 ns 
TIMER-IN to TIMER-OUT High tTH 400 300 ns 
Data Bus Enable from READ Control tRDE 10 10 ns 

CE 
IyPD8~551 

OR 

CE 
wFoetsel 

~ OI M( 

READCVCLE 

rAD 

ADO7 AODRE55 

ALE 

-f-tAL-y 

~qL~ 

~-rLA-s 

DATA VALID 

RD 

CE 
WFpetMl 

DR 
CE 
It+PDal YI 

1 O/G1 

rLC~ 

rRDE 

rRD 

f—rCL ~ 

WRITE CYCLE 

rgDF 

1 

~-ICL y 
~—tqy ~ 

ADp7 

ALE 

ADOR E:S DATA VALID 

~F tAL-t. 

f-rLL—t. 

t-rLA-a r qy~ r rCL 

~-rLC—a 

~~~ 

~wo~ 

HMV—~ 

AC CHARACTERISTICS 

TIMING WAVEFORMS 



TIMING WAVEFORMS 
(CONY.) 

STROBE 

IN TR 

tS Bf -~ 

N.PD815518156 

STROBED INPUT MODE 

e 
IR BE ~ 

RD 

INPVT DATA 

F P.OM PORT 

Ivss s~ tPRS 

iR DI 

.t —

BF 

STROBE 

INTR 

WR 

STROBED OUTPUT MODE 

OUTPUT DATA 

TO PORT 

RD 

DATA BUS 

WR 

DATA BUS 

OUTPUT 

BASIC INPUT MODE 

P 

IF 'PR 

BASIC OUTPUT MODE 

Sono 
COUNTER 

F ROM CIR ~~ 

C OU NTH 0 

TIMER OUTPUT 
R ElOAO 

c OM CLR —~ 

I 0 I 

COUNTDOWN FROM ] T00 
yPp5t55/8156 wPDBt55~]/81562 

7p of MIN. ]00 of MIN. 
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The Command Status Register is an 8-bit register which must be programmed before 

the µPD8155/8156 may perform any useful functions. Its purpose is to define the 

mode of operation for the three ports and the timer. Programming of the device may 
be accomplished by writing to I/O address XXXXX000 IX denotes don't care) with a 
specific bit pattern. Reading of the Command Status Register can be accomplished by 
performing an I/O read operation at address XXXXX000. The pattern returned will 
be a 7-bit status report of PA, PB and the Timer. The bit patterns for the Command 
Status Register are defined as follows: 

COMMAND STATUS WRITE 

TM2 TM1 IEB IEA PCy PCI PB PA 

where: 

TM2~TM1 Define Timer Mode 

IEB Enable Port B Interrupt 

IEA Enable Port A Interrupt 

PCy-PCt Define Port C Mode 

PB/PA Define Port B/A as In or Out 

The Timer mode of operation is programmed as follows during command status write: 

TM2 TMt TIMER MODE 

0 0 Don't Affect Timer Operation 

0 1 Stop Timer Counting 

1 0 Stop Counting after TC 

t 1 Start Timer Operation 

Interrupt enable status is programmed as follows: 

IEB/IEA INTERRUPT ENABLE PORT B/A 

0 

t 

No 

Ves 

Port C may be placed in four possible modes of operation as outlined below. The modes 
are selected during command status write as follows: 

PCy PCt PORT C MODE 

0 0 ALT 1 

0 1 ALT3 

1 0 ALT4 

1 1 ALT 2 

The function of each pin of port C in the four possible modes is outlined as follows: 

PIN ALT 1 ALT 2 ALT 3® ALT 4 m 

PCO IN OUT A INTR A INTR 
PC1 IN OUT A BF A BF 

PC2 IN OUT A S7S A $TB 

PC3 IN OUT OUT B INTR 

PC4 IN OUT OUT B BF 

PC6 IN OUT OUT B SrTB 

Note+; m PB/PA Sets Port B/A Mode: 0 ~ Input; 1 ~ Output 

m In AL7 3 and ALT 4 mods the control signals are initialized as follows: 

CONTROL INPUT OUTPUT 

STB (Input Strobel Input Control Input Control 

INTR (Interrupt ReOuast) Low High 

BF (Buffer Full) Low Low 

COMMAND STATUS 
REGISTER 
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COMMAND STATUS 
REGISTER (CONY.) 

COMMAND STATUS READ 

i'%~~ TI INTE 
B 

B 
BF 

INTR 
B 

INTE 
A 

A 
BF 

INTR 
A 

Where the function of each bit is as follows: 

TI Defines a Timer Interrupt. Latched high at TC and 
reset after reading the CS register or starting a new 
count. 

INTE B/A Defines If Port B/A Interrupt is Enabled. 
High =enabled. 

B/A BF Defines If Port B/A Buffer is Full-Input Mode or 
Empty-Output Mode. High =active. 

INTR B/A Port B/A Interrupt Request. High =active. 

The programming address summary for the status, ports, and timer are as follows: 

I/O Add►ess Number of Bits Function 

XXXXX000 8 Command Status 
XXXXX001 8 PA 

XXXXX010 8 PB 

XXXXX011 6 PC 

XXXXX100 8 Timer-Low 

XXXXX101 8 Timer-High 

TIMER The Internal Timer is a 14-bit binary down counter capable of operating in 4 modes. Its 
desired mode of operation is programmable at any time during operation. Any TTL 
clock meeting timer in requirements (See AC Characteristics) may be used as a time 
base and fed to the timer input. The timer output may be looped around and cause an 
interrupt or used as I/O control. The operational modes are defined as follows and 
programmed along with the 6 high bits of timer data. 

I M2 M1 ( Operation 

0 0 High at Start, Low During Second Half of Count 

0 1 Square Wave 
(Period =Count Length, Auto Reload at TC) 

1 0 Single Pulse at TC 

1 1 Single Pulse at TC with Auto Reload 
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Programming the timer requires two words to be written to the µPD8155/8156 at I/O 

address XXXXX100 and XXXXX101 for the low and high order bytes respectively. 

Valid count length must be between 2H and 3FFFH. The bit assignments for the high 

and low programming words are as follows: 

Word 

High Byte 

Low Byte 

Bit Pattern 

M2 M1 713 712 711 710 T9 T8 

n T6 T5 T4 T3 T2 T1 TO 

I/O Address 

XXXXX101 

XXXXX100 

The control of the timer is performed by TM2 and TM1 of the Command Status Word. 

Note that counting will be stopped by a hardware reset and a START command 

must be issued via the Command Status Register to begin counting. A new mode 

and/or count length can be loaded while counter is counting, but will not be 

used until a START command is issued. 

NONSYNCHRONOUS 

TIMER  
INPUT 

SYSTEM CLOCK 

FROM 8085A 
CLK OUT 

D 
708155/6156 TIMER INPUT 

When using the timer of the 8155/8156 care must be taken if the timer input is an 
external, nonsynchronous event. To sync this signal to the system clock the flip-flop 
shown should be used. 

A 

_-r 
~^ 

.-, .-.~~ 

-~ C f" 
 E 

.-. ~~ 

rr 
--..--.1- I J 

J- I i_ 
 G 

Plastic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 _ 0.1 0.10 ± 0.004 

D 0.5 0.1 0.019±0.000 

E 46.26 1.9 

F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

1 5.22 MAX 0,206 MAX 
J 5.72 MAX 0.225 MAX 
K 15.24 0.600 

L 13.2 0.520 
+ 0.1 + 0.004 

M 0.25 _ 0.05 0.010 _ 0.002 

TIMER (CONY.) 

PACKAGE OUTLINE 
µPD8155C 
µPD8156C 
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NEC Microcomputers, Inc. 

EIGHT-BIT INPUT/OUTPUT PORT 

NBC 
/.t PB8212 

DESCRIPTION The µP68212 input/output port consists of an 8-bit latch with three•state output 
buffers along with control and device selection logic. Also included is a service request 
flip-clop for the control and generation of interrupts to the microprocessor. 

The device is multimode in nature and can be used to implement latches, gated buffers 
or multiplexers. Thus, all of the principal peripheral and input/output functions of a 
microcomputer system can be implemented with this device. 

FEATURES Fully Parallel 8-Bit Data Register and Buffer 

• Service Request Flip•Flop for Interrupt Generation 

• Low Input Load Current — 0.25 mA Max. 

• Three State Outputs 

• Outputs Sink 75 mA 

• 3.65V Output High Voltage for Direct Interface to 8080A Processor 

• Asynchronous Register Clear 

• Replaces Buffers, Latches and Multiplexers in Microcomputer Systems 

• Reduces System Package Count 

• Available in 24-pin Plastic and Cerdip Packages 

PIN CONFIGURATION DS1 

MD 

D11

D01 

D12 

D02 

013 

D03 

Dlq 

DOq 

STB 

GND 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

~cc 

INT 

Dlg 

DOg 

D17 

D07 

D16 

DOg 

D15 

D05 

CLR 

DS2 

PIN NAMES 

D11 —.Dlg Data In 

D01 — DOg Data Out 

DS1, DS2 Device Select 

MD Mode 

STB Strobe 

INT Interrupt (Active Low) 
LC R Clear (Active Low) 

Rev/1 
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fc P68212 
SERVICE flEOUEST FF 

\\` A 
DEVICE SELECTION 

DSt 

DSz 
0 

•. 

MD O2 

STB n 

Dt 

DIZ

D13 O 

DIa

Dls is  

D16 o-
DI, 

Dla 

CLR 

STB MD IDSt • DSzI 
DATA OUT 

EOUALS 

0 0 0 Three-State 

0 0 Three~State 

0 0 Data Latch 

0 Da[a Latch 

0 0 Data Latch 

0 Data In 

Data In 

Data In 

DSO 

CLR (DSi • DSp) STB SR Q INT 

0 0 0 1 1 

0 1 0 1 0 

1 0 0 

t ~ 0 1 1 

1 0 ~ 0 0 

1 1 0 t 0 

t 1 ~ 0 0 

Notes: Q CLR resets da[a latch sets SR fhp-flop. (No effect on output lwffer) 

® Internal SR flip-flop 

® Previous data remains 

BLOCK DIAGRAM 

Operating Temperature   p°C to+70°C ABSOLUTE MAXIMUM 

Storage Temperature   —65° C to +150°C RATINGS* 

All Output or Supply Voltages  —0.5 to +7 Volts 

All Input Voltages  —1.0 to +5.5 Volts 

Output Currents   125 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

' Ta = 25° C 
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DC CHARACTERISTICS r a =o°ctp 7o°c:vcc=~5vz5% 

PARAMETER SVMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN TVP MAX 

Input Load Current ACK, DS2, 

CR, DI1 — Dlg Inputs 

IF —0.14 —0.25 mA VF = 0.45V 

Input Load Current MD Input IF —0.25 —0.75 mA VF = 0.45V 

Input Load Current ~1 Input IF —0.26 —1.0 mA Vp = 0.45V 

Inpui Leakage Current ACK, 

DS, CR, DI1 — Dlg Inputs 

IR 10 µA VR = 5.25V 

Input Leakage Current MD 
Input 

IR 30 µA VR = 5.25V 

Input Leakage Current ~1 

Input 

IR 40 µA VR = 5.25V 

Input Forward Voltage Clamp VC —0.85 —1.3 V IC =-5 mA 

Input "Low" Voltage VIL 0.65 V 

Input "High" Voltage VIH 2.0 V 

Output "Low" Voltage VOL 0.26 0.45 V IOL = 15 mA 

Output "High" Voltage VpH 3.65 4.0 V IpH = —1 mA 

Short Circuit Output Current 130 —15 —38 —75 mA VO.= OV 

Output Leakage Current High 

Impedance State 

IO 20 µA VO = 0.45V /5.25V 

Power Supply Current ICC 103 130 mA 

CAPACITANCE ~1  Ta = 25°C; VCC = +5V; VglAg = 2.5V; f = 1 MHz 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TYP MAX 

Input Capacitance CIN 7 12 pF DS1, MD 

Input Capacitance CIN 4 g pF DS2, CLR, STB, D11 — Dlg 

Output Capacitance COUT 6 12 PF D01 — DOg 

Note: This parameter is periodical y sampled and not 100% tested 

AC CHARACTERISTICS Ta =O°C to+70°C; VCC=+5V+-5% 

PARAMETER SYMBOL 
LIMITS 

(UNIT I TEST CONDITIONS 
MIN ITYP'MAX 

Pulse Width tptt, 30 ns Input 
Amplitude 

Input 
Times 

Between 
Measurement 
at 1.5V 

Pulse 
= 2.5V 

Rise and Fall 
= 5 ns 

1 V and 2V 
made 

with 15 mA 
and 30 pF 
Test Load 

Data To Output Delay tpd 20 30 ns 

Write Enable To Output Delay tt„/e 40 ns 

Data Setup Time tset 15 ns 

Data Hold Time th 20 ns 

Reset to Output Delay tr 40 ns 

Set To Output Delay is 30 ns 

Output Enable/Disable Time to/td 45 ns ~j 

Clear To Output Delay tc 55 ns 

Notes: Q1  R1 = 30052/tOKS2; R2 = 60052/1 KSZ 

Q2 R1 = 30052; R2 = 60051 
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Data Latch 

The 8 flip-flops that compose the data latch are of a "D" type design. The output (0) 
of the flip-flop follows the data input (D) while the clock input IC) is high. Latching 
occurs when the clock (CI returns low. 

The data latch is cleared by an asynchronous reset input Ii L ). 
(Note: Clock (C) Overrides Reset (CLR).) 

Output Buffer 

The outputs of the data latch (0) are connected to three-state, non-inverting output 

buffers. These buffers have a common control line (EN1; enabling the buffer to trans-
mit the data from the outputs of the data latch IQ) or disabling the buffer, forcing the 
output into a high impedance state (three-state►. 

This high-impedance state allows the designer to connect the µP68212 directly to the 
microprocessor bi-directional data bus. 

Control logic 

The µP68212 has four control inputs: DS1, DS2, MD and STB. These inputs are 
employed to control device selection, data latching, output buffer state and the 
service request flip-flop. 

DSO, DS2 (Device Select) 

These two inputs are employed for device selection. When DS1 is low and DS2 is high 
(DS1 •DS2) the device is selected. In the selected state the output buffer is enabled and 
the service request flip-flop (SR) is asynchronously set. 

Service Request Flip-Flop (SR) 

The (SRI flip-flop is employed to generate and control interrupts in microcomputer 
systems. It is asynchronously set by the CLR input (active Jowl• When the (SRI flip-
flop is set it is in the non-interrupting state. 

The output (0) of the (SR) flip-flop is connected to an inverting input of a "NOR" 
gate. The other input of the "NOR" gate is non•inverting and is connected to the 
device selection logic (DS1 •DS2►. The output of the "NOR" gate (INT) is active 
low (interrupting state) for connection to active low input priority generating circuits. 

MD (Mode) 

This input is employed to control the state of the output buffer and to determine the 
source of the clock input (Cl to the data latch. 

When MD is in the output mode (high) the output buffers are enabled and the source 

of clock (CI to the data latch is from the device selection logic (DS1 •DS2►. 

When MD is in the input mode (low) the output buffer state is determined by the 
device selection logic (DS1 •DS2) and the source of clock (C) to the data latch is 
the STB (Strobe) input. 

STB (Strobe) 
STB is employed as the clock (C) to the data latch for the input mode (MD = O) and 
to synchronously reset the service request flip-flop (SR►. 

Note that the SR flip-flop triggers on the negative edge of STB which overrides CLR. 

FUNCTIONAL DESCRIPTION 
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a0 
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INPUT VOLTAGE IVI 
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0 
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12 

m 
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TYPICAL CHARACTERISTICS 
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PACKAGE OUTLINE 
µP68212C 

µP68212D' 

A 

I -. I J 
I 

T I i G 

 E 

(PLASTIC) 
ITEM MILLIMETERS INCHES 

A 33 MAX 1.3 MAX 

B 2.53 0.7 

C 2.54 0.1 

D 0.5.0.1 0.02 ~ 0.004 

E 27.94 1.1 

F 1.5 0.059 

G 2.54 MIN 0.1 MIN 

H 0.5 MIN 0.02 MIN 

I 5.22 MAX 0.205 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.6 

L 13.2 0.52 

M 0.25 
}0.10 
-0.OS 

0.01 
{0.004 
-0.0019 

(CERDIP) 

ITEM MILLIMETERS INCHES 

A 33.5 MAX. 1.32 MAX. 

B 2.78 0.11 

C 2.54 0.1 

D 0.46 0.01 S 

E 27.94 t.i 

F 1.5 0.059 

G 2.54 MIN. 0.1 MIN. 

H 0.5 MIN. 0.019 MIN. 

I 4.58 MAX. 0.187 MAX. 

J 5.08 MAX. 0.2 MAX. 

K 15.24 0.6 

L 13.5 0.53 

M 
0.25{005 0.01-0.002 

821 2 DS 1 2-80.CAT 
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NEC Microcomputers, Inc. 

PRIORITY INTERRUPT CONTROLLER 

NEC 
/t PB8214 

DESCRIPTION The µP88214 is an eight-level priority interrupt controller. Designed to simplify 
interrupt driven microcomputer systems, the µPB8214 requires a single +5V power 
supply and is packaged in a 24 pin plastic Dual-in-line package. 

The µP68214 accepts up to eight interrupts, determines which has the highest priority 
and then compares that priority with a software created current status register. If the 

incoming requires is of a higher priority than the interrupt currently being serviced, an 

interrupt request to the processor is generated. Vector information that identifies the 

interrupting device is also generated. 

The interrupt structure of the microcomputer system can be expanded beyond eight 

interrupt levels by cascading µP68214s. The µP68214's interrupt and vector informa-
tion outputs are open collector and control signals are provided to simplify expansion 
of the interrupt structure. 

FEATURES Eight Priority Levels 

• Current Status Register and Priority Comparator 

• Easily Expanded Interrupt Structure 

• Single +5 Volt Supply 

PIN CONFIGURATION 
Bo 

8 1

8 2 

SGS 

NI T 

CLK 

INTE 

A 

A 

A2

ELR 

GND 

za 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

73 

cc 

ECS 

R7

R5

4 

R3

R2

R 1

RO

ENLG 

ETLG 

PIN NAMES 

Inputs. 

R~ R~ Reouest Levels IRT RigheSt Priornyl 

eo eZ cp..ent stows 

SGS Status Group Select 

ECS Enable Current Status 

INTE Interrupt Enable 

CLK Clock TINT f~fl 

ELR Enable Levei Read 

ETLG Enable Tltrs Level Group 

O~tpurs 

Ap -AZ R¢ouest Levels Open 

INT Interrupt (Act_ Lowl Collector 

ENLG Enable Nezt Level Group 
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ELR 

ETLG 

R 

R2

R, 

R • 

PRICRITV 
ENCODER 

AND 
R EOVEST 
LATCH 

REQUEST ACTIV ITV 

Bp -oI Q 

Bt 

SGS 

ECS 

© ~ 

CURRENT 

STATUS 
REGISTER 

INTE O7  

CLK 
O 

A'. a 

PRIORITY 
COMPARATOR 

(OPEN COLLECTORI 

.~ 

V 

IC 

O 

INTERRUPT 

FLIP FLOP 

AO 

 O A, 
 10 AZ 

  74 ENLG 

(OPEN 
COLLECTORI 

~~ 

f~
S 

D O 

INTERRUPT 

DISABLE 
FLIP FLOP 

C 

INT 

BLOCK DIAGRAM 

OperatingTemperature   0°C to+70°C ABSOLUTE MAXIMUM 
Storage Temperature   -65°C to+125°C RATINGS* 
All Output and Supply Voltages   - 0.5 to +7 Volts 

All Input Voltages   - 1.0 to +5.5 Volts 

Output Currents   100 mA 

COMMENT: Stress above those l isted under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 
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DC CHARACTERISTICS Ta =O°C to+70°C, VCC=5V±5% 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN. TYP.01 MAX. 

Input Clamp Voltage tall inputs) VC - 1.0 V ID= 5mA 
Input Forward Current: ETLG input 

all other inputs 

IF -.15 
- .OS 

-0.5 

- 0.25 
mA 
mA 

VF=0.45V 

Input Reverse Current: ETLG input 
all other inputs 

IR 80 
40 

NA 
yq 

Vq=5.25V 
- 

Input LOW Voltage: all inputs VIL 0.8 V VCC=S.OV 
Input HIGH Voltage: all inputs VIH 2.0 V VCC=5:OV 
Power Supply Current ICC 90 130 mA 
Output LOW Voltage: all outputs VDL .3 .45 V IOL=10mA 
Output HIGH Voltage: ENLG output VpH 2.4 3.0 V IDH=- imA 
Short Circuit Output Current: ENLG output IDg - 20 -35 -55 mA VOg=OV, VCC=5.OV 
Output Leakage Current fRT and ~—~ ICEX 100 VA VCEX=5.25V 

CAPACITANCE ~ Ty =25°C 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN. TYP. Q1 MAX. 

Input Capacitance CIN 5 70 pF VgIgS=2.5V 

VCC=5V 

f=1mHz 

Output Capacitance GOUT 7 12 pF 

AC CHARACTERISTICS Ta =O°C to+70°C, VCC=+5V±5°/p 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS l 
MIN. TYP. 01 MAX. 

CLK Cycle Time tCy 80 50 ns Input pulse 

amplitudo: 2.5 `!c!ts 

Input rise and fall 

times: 5 ns between 

i and 2 Volts 

Output loading of 

15 mA and 30 pF. 

Speed measurements 

taken at the 1.5 Volts 

levels. 

- 

CLK, ECS, INT Pule IPlidth tpyy 25 15 ns 

INTE Setup Time to CLK tl8g 16 12 ns 

INTE Hold Time after CLK tISH 20 10 ns 

ETLG Setup Time to CLK LETCS® 25 12 ~ns 

ETLG Hold Time After CLK [ETCH ~ 20 10 ns 

ECS Setup Time to ClK [EGGS ® 80 50 ns 

ECS Hold Time After CLK tECCH ® 0 ns 

ECS Setup Time to CLK tECRS© 110 70 ns 

ECS Hold Time After CLK tECRH ~ 0 

ECS Setup Time to CLK tECSS® 75 70 ns 

ECS Hold Time After CLK tECSH ~ 0 ns 

SGS and BO—Bp Setup Time to CLK tpDg ® 70 50 ns 

SGS and BO-62 Hold Time After CLK tDCH l7 0 ns 

Rp—R7 Setup Time to CLK [RCS © 90 55 ns 

RO—P7 Hold Time After CLK tRCHO 0 ns 

I ttil Setup Time to CLK [ ICS 55 35 ns 

ClK to INT Propagation Delay tDl 15 25 ns 

RO—R7 Setup Time to INT IRIS© 10 0 ns 

RO—R7 Hold Time After INT tRIH ~ 35 20 ns 

RO—R7 to Ap—A2 Propagation Delay tqq 80 100 ns 

ELR to AO—A2 Propagation Delay _ [ELq 40 55 ns 

ECS to AO—A2 Propagation Delay tECA 100 120 ns 

ETLG to Ap—A2 Propagation Delay tE7q 35 70 ns 

SGS and Bp—B2 Setup Time to ECS tDECS © 15 10 ns 

SGS and BO-82 Hold Time After ~$ tDECH ® 15 10 ns 

~0—~ to ENLG Propagation Delay tREN 45 70 ns 

E LTG to ENLG Propagation Delay tETEN 20 25 ns 

ECS to ENLG Propagation Delay tECRN 85 90 ns 

ECS to ENLG Propagation Delay ~ tECSN 35 55 ns 

Notes: 01
0 

Typical values are or Ty=25 C, VCC=5.OV 

Bp—B2, SGS, CLK, RO—Rq grounded, all other inputs and all outputs 

open. 

This parameter is periodically sampled and not 100% tested. 

Required for proper operation if INTE is enabled during next clock pulse. 

These times are not required for proper operation but for desired 

change in interrupt flip-flop. 

Required for new request or status to be properly loaded. 
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General F U N CT Z O N A L 

The µP68214 is an LSI device designed to simplify the circuitry required to DESCRIPTION 

implement an interrupt driven microcomputer system. Up to eight interrupting 

devices can be connected to a µP68214, which will assign priority to incoming 

interrupt requests and accept the highest. It will also compare the priority of the 

highest incoming request with the priority of the interrupt being serviced. If the 
serviced interrupt has a higher priority, the incoming request will not be accepted. 

A system with more than eight interrupting devices can be implemented by inter-

connecting additional µP68214s. In order to facilitate this expansion, control 

signals are provided for cascading the controllers so that there is a priority estab-

lished among the controllers. In addition, the interrupt and vector information 

outputs are open collector. 

Priority Encoder and Request Latch 

The priority encoder portion of the µP68214 accepts up to eight active low 

interrupt requests (RO—R~). The circuit assigns priority to the incoming requests, 

with R7 having the highest priority and RO the lowest. If two or more requests. 
occur simultaneously, the µP68214 accepts the one having the highest priority. 
Once an incoming interrupt request is accepted, it is stored by the request latch and 

a three-bit code is output. As shown in the following table, the outputs, (AO—A2) 
are the complement of the request level (modulo 8) and directly correspond to the 

bit pattern required to generate the one byte RESTART (RST) instructions 

recognized by an 8080A. Simultaneously with the AO—A2 outputs, a system 

interrupt request (INT) is output by the µP68214. It should be noted that incoming 

interrupt requests that are not accepted are not latched and must remain as an 

input to the µP68214 in order to be serviced. 

Interrupt Control Circuitry 

The µP68214 contains two flip-flops and several gates which determine whether an 

accepted interrupt request to the µP68214 will generate a system interrupt to the 

8080A. A condition gate drives the D input of the interrupt flip-flop whenever an 

interrupt request has been completely accepted. This requires that: the ETLG 

(Enable This Level Group) and INTE (Interrupt Enable) inputs to the µP88214 are 

high; the ELR input is low; the incoming request must be of a higher priority than 

the contents of the current status register; and the µP68214 must have been enabled 

to accept interrupt requests by the clearing of the interrupt disable flip-flop. 

Once the condition gate drives the D input of the interrupt flip-flop high, a system 
interrupt (INT) to the 8080A is generated on the next rising edge of the CLK input 
to the µP68214. This CLK input is typically connected to the ¢2 (TTL) output of an 
8224 so that 8080A set-up time specifications are met. When INT is generated, it 

sets the interrupt disable fli►i-flop so that no additional system interrupts will be 
generated until it is reset. It is reset by driving ECS (Enable Current Status) low, 
thereby writing into the current status register. 

It should be noted that the open collector INT output from the µP68214 is active 
for only one clock period and thus must be externally latched for inputting to the 
8080A. Also, because the INT output is open collector, when µP68214's are 
cascaded, an INT output from any one will set all of the interrupt disable flip-
flops in the array. Each µP88214's interrupt disable flip-flop must then be 
cleared individually in order to generate subsequent system interrupts. 

FUNCTIONAL 

DESCRIPTION 

(CONY.) 
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FUNCTIONAL 
DESCRIPTION 

(CONY.) 

RESTART GENERATION TABLE 

RRIORITV 

REDDEST 
RST 

D~ D8 D5 Dq D3 Dy D t DO 

1 1 Az At A~ 1 1 1 

LOWEST 

HIGHEST 

~ 7 1 t t t t t t I 

At 6 t t t t o t t t 
liy s t t t a t t t t 

q t t t o o t t t 
~q 3 1 1 0 1 1 1 1 1 

Z 1 1 0 1 0 1 1 1 

1 1 1 0 0 1 1 1 1 

R~ 0' 1 1 0 0 0 1 1 1 

'CAUTION: RST 0 will vector the p ogram counter to location 0 Izerol anA 

invoke the same routine as the "RESET" input to 8080A. 

Current Status Register 

The current status register is designed to prevent an incoming interrupt request from 
overriding the servicing of an interrupt with higher priority. Via software, the priority 
level of the interrupt being serviced by the microprocessor is written into the current 
status register on B~-62. The bit pattern written should be the complement of the 
interrupt level. 

The interrupt level currently being serviced is written into the current status register 
by driving ECS (Enable Current Status) low. The µP68214 will only accept interrupts 
with a higher priority than the value contained by the current status register. Note 
that the programmer is free to use the current status register for other than as above. 
Other levels may be written into it. The comparison may be completely disabled by 
driving SGS (Status Group Select) low when ECS is driven low. This will cause the 
µP68214 to accept incoming interrupts only on the basis of their priority to each 
other. 

Priority Comparator 

The priority comparator circuitry compares the level of the interrupt accepted by the 
priority encoder and request latch with the contents of the current status register. 
If the incoming request has a priority level higher than that of the current status 
register, the INT output is enabled. Note that this comparison can be disabled by 
loading the current status register with SGS=O. 

Expansion Control Signals 

A microcomputer design may often require more than eight different interrupts. The 
µP68214 is designed so that interrupt system expansion is easily performed via the 
use of three signals: ETLG (Enable This Level Groupl; ENLG (Enable Next Level 
Groupl; and ELR (Enable Level Read). A high input to ETLG indicates that the 
µP68214 may accept an interrupt. In a typical system, the'ENLG output from one 
µP68214 is connected to the ETLG input of another µP68214, etc. The ETLG of 
the µP68214 with the highest priority is tied high. This configuration sets up 
priority among the cascaded µP68214's. The ENLG output will be high for any 
device that does not have an interrupt pending, thereby allowing a device with lower 

priority to accept interrupts. The ELR input is basically a chip enable and allows 
hardware or software to selectively disable/enable individual µP68214's. A low on 
the ELR input enables the device. 

557 



ftPB8214 

~~
RQ R~ ' 

E TIG 

INTE 

SG S, Bp e1 

1~ 

IRCS 

TIMING WAVEFORMS 
IRCH̀~ `

IRIS SRI J~~ 

  I~ I ~ 

~E TCS ~ETC111 

~~~~~ ~ 

  `~ 

~txa I ~oECH 

ECS 

1 

I • 

CLK 

~Iw 

t~ 

`, ~~ 

i~ 
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i  ECRN ~ I ~P`Hr 

INT - 

ELR 

AO A2 

ENLG 

cOCH 

 ~~ECRH 
IECCR ACV 

~~ ~~ 

'Ci 

'ECA 

~E TA 

'ECSN 
WREN 

  J 
~ETEN 

~-----~7r`---

1~L
1 ~.~ 

'ELA 

OUT 

1~ 

1~ 

ACC 

300St 

60052 

TEST CIRCUIT 
8080A DATA BUS p0 TYPICAL µP68214 

Dp 
D7 D7 

Dp 
CIRCUITRY 

D2 

n~ _ n3
Dq Dq 

D5 D5 

Og Dg 

D7 0 7
a6 VCC 

1K 

~-------~- 

- ~" 
; 

7K 

~ 
.,a~INT 

tOK p2 ITTLI 
INTE 7 CLK 

INTE INT 
RO 

STB INT 
DO 000 15 TO 8080A 

Ft 76 R7 . 5.07 D01 6 

INTERRUPT_ 

REQUESTS 

1
RZ 77 R2 

A3 AO 
Rq A7 

8 9 D2 0O2D3 DOg 
pq µP6 DOq 

8 0 
Rg 

79 9 ^ i6 
20` 17 

R5 A2 
F~ 

21 DOg 79 

22 R6 µP6 
R7 8214 

22 

7

p 5 D07 7 
2t 

R7 

ETLG aCLR 
1 

_ 
Bp DS2 MD DS7 

2
3°

B7 13 12 '(1 

4 
82 

INTA 
GND 

ENABLE °SGS 

23c CURRENT ECS 

STATUS ELR 

(FROM I/O PORT DECODERI 
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µP68214 

PACKAGE OUTLINE 
µP68214C 

o-7s° 

~rusr~c~ 
ITEM W ILIMETFR xStNEf 

bW%. 1.M 
3.60 01 
7.51 O1 

D 05!01 0.07 ! 0.001 
31.M 1.1 

K 

1.6 
17 WN. 
 0.6 YIN.  
5.77 AMx. 

6.17 MA%. 
I S.N 

QON 
0176 MIN. 
D.O7 MIN. 
0.705 MA%. 
0.776 MA%. 
0.8 

li7 0.57 
M 0.76 0.1 0.01 ! O.OM 

8214DS-12.8aCAT 
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NEC Microcomputers, Inc. 

4 BIT PARALLEL BIDIRECTIONAL 
BUS DRIVER 

NEC 
N. P 68216 
~, P B8226 

DESCR IPTION All inputs are low power TTL compatible. For driving MOS, the DO outputs provide 
a high 3.65V (VOH), and for high capacitance terminated bus structures, the DB 
outputs provide a high 55 mA IIpL) capability. 

FEATURES Data Bus Buffer Driver forµCOM-8 Microprocessor Family 

• Low Input Load Current — 0.25 mA Maximum 

• High Output Drive Capability for Driving System Data Bus 

• 3.65V Output High Voltage for Direct Interface to µCOM-8 Microprocessor 
Family 

• Three State Outputs 

• Reduces System Package Count 

• Available in 16 pin packages: Cerdip and Plastic 

PIN CONFIGURATION 
cs 

DO 

DBE

DI 

Doi

oB 

DI 

GND 

a µP6 13 
8216/ 
8226 ~ 2

~cc 

DIEN 

D03

B3

I 

Oz

D8z

D 

~. C5 

OBp OB3 

o~p D.3
DOp DOS 

DIEN 

PIN NAMES 
Dara Bus B. D~rec~~o~a~ 

wo ~np„~ 
Dara oar ~r 
Dara ~~ EnaDie D~rectio~ Control 

D~~o Select 

Rev/2 
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µ P 6821618226 

Microprocessors like the µPD8080A are MOS devices and are generally capable of 

driving a single TTL load. This also applies to MOS memory devices. This type of drive 

is sufficient for small systems with a few components, but often it is necessary to 
buffer the microprocessor and memories vdhen adding components or expanding to a 
multi-board system. 

The µPD8216/8226 is a four bit bi-directional bus driver specifically designed to buffer 
microcomputer system components. 

Bi-Directional Driver 

Each buffered line of the four bit driver consists of two separate buffers. They are 
three state in nature to achieve direct bus interface and bi-directional capability. On 

one side of the driver the output of one buffer and the input of another are tied 
together (D61, this is used to interface to the system side components such as mem-
ories, I/O, etc. Its interface is directly TTL compatible and it has high drive (55 mA). 
For maximum flexibility on the other side of the driver the inputs and outputs are 
separate. They can be tied together so that the driver can be used to buffer a true 
bi-directional bus such as the 8080A Data Bus. The DO outputs on this side of the 
driver have a special high voltage output drive capability (3.65V) so that direct inter-
face to the 8080A processor is achieved with an adequate amount of noise immunity 
1650 mV worst case). 

Control Gating CS, DIEN 

The CS input is used for device selection. When CS is "high" the output drivers are 
all forced to their high-impedance state. When it is "low" the device is selected 
(enabled) and the data flow direction is determined by the DIEN input. 

The DIEN input controls the data flow direction (see Block Diagrams for complete 
truth table). This directional control is accomplished by forcing one of the pair of 
buffers to its high impedance state. This allows the other to transmit its data. This is 
accomplished by a simple two gate circuit. 

The µP68216/8226 is a device that will reduce component count in microcomputer 
systems and at the same time enhance noise immunity to assure reliable, high 
performance operation. 

8216 8226 

FUNCTIONAL 
DESCRIPTION 

BLOCK DIAGRAMS 

DIEN CS RESULT 

0 0 DI »DB 

1 0 DB-DO 

0 7 
1High Impedance 

1 1 
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ABSOLUTE MAXIMUM 
RATINGS* 

µPB8216/8226 
Operating Temperature   0°C to 70°C 
Storage Temperature (Cerdipl   —65°C to +150°C 

(Plastic)   —65°C to +125°C 
All Output and Supply Voltages   —0.5 to +7 Volts 
All Input Voltages  —1.3 to +5.5 Vnits 
Output Currents   125 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" tray cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

`Ta = 25° C 

DC CHARACTERISTICS Ta=o"ct°no"c,vcc=.5v~5z, 

CAPACITANCE Q1

PARAMETER SYMBOL 
LIMITS 

UNIT TEST.CONDITIONS 
MIN TVP Q1 MAX 

Input load Cwrent 
bTEA.i3 

Ip1 —0.5 mA Vp=0.45 

hrput Load Current Au 
Other Inputs 

IF2 —0.25 mA Vp = 0.45 

Input Leakaye Current 
iD €F, 

Iql 20 VA Vq = 5.25V 

Input Leakage Cwrent 
DI Inputs 

Iq2 10 NA Vq = 5.25V 

Input Forward Voltage 
Clamp 

VC —1.0 V IC = —5 mA 

Input "'Low" Vol[age VIL 0.95 V 

Input "Hiyh" Voltage VIH 2.0 V 

Output Leakage Current 
13~Statel 

DO IO 70 yA Vp=0.45/5.25V 
DB IO 100 

Power Supply Current 8216 tCC 130 mA 
8226 ICC 120 mA 

Output "Low'" Voltaye VOL1 0.48 V DO Outputs IOL = 15 mA 
D8 Outputs IpL = 25 mA 

Output "Low" Voltage 
8216 VOL2 0.7 V DB Outputs IOL = 55 mA 

8226 VpL2 0.7 V DB Outputs IOH = 50 mA 

Output "H~gh" Voltage VOH7 3.65 V DO Qutputs IOH = —1 mA 

Output "High" Voltage VpH2 2.4 V DB Outputs IOH = —10 mA 

Output Short Chcuh 
Current 

IOS —15 —65 mA DO Outputs VO = OV 

IOS —30 —120 mA DB Outputs VCC = S.OV 

Note: Qt Typical values are for Ta = 25"C, VCC = 5.OV. 

PARAMETER SYMBOL 
LIMITS 

UNIT CONDET ONS I MIN TYP MAX 

Input Capacitance CIN 8 PF VBIAS = 2.5V 

VCC = 5V 
Ta = 25°C 
f = 1 MHa 

Output Capacitance COUT1 10 ~ pF 

Output Capacitance COUT2 18 Q3 pF 

Notes: Q1  This parameter is periodically sampled and not 100% tested. 

Q DO Output. 

Q DB Output. 
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µ PB821618226 
Ta = 0°C to 770°C; VCC = +5V±5% 

PARAMETER I SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN TYP Q1 MAX 

Input to Output Delay 
DO Outputs 

tppl 25 ns CL = 30 pF, R1 = 30052, 
R2 = 6008 

Input to Output Delay 

DB Outputs 

8216 tpp2 30 ns CL = 300 pF, R 1 = 905L, 

R2 = 18052 4 8226 tppt 25 ns 

Output Enable Time 8226 tE 65 ns Q 

8226 tE 54 ns 

Output Disable Time tp 35, ns P3J Q4

Notes vcc 

our 

TEST CIRCUIT 

~

L 
1.5V 

f tFD~ 

01  Typical value are for Ta = 25°C, VCC = S.OV 

® DO Outputs, CL = 30 pF, R 1 = 300/10 KS2, R2 = 600/1 KR, 

DB Outputs, CL = 300 pF, R1 = 90/10 KS2, R2 = 180/1 K52. 

® DO Outputs, CL = 5 pF, R 1 = 300/10 KS2, R2 = 600/1 KS2, 

D8 Outputs, CL = 5 pF, R1 = 90/10 KS2, R2 = 180/1 KR. 

Input pulse amplitude: 2.5V 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 

INPUTS 

OUTPUT 
ENABLE 

OUTPUTS 

A 

1.5V~ 

tD~  

0.5V 

~.  ~,~  VOH 

 ~~ V O L 

0.5V 

Cerdip 

ITfM M LIMETERS INCHES 

B 

D 

f 

19 9 M%x 

] Sa 

' a6 010 

S O9 Mnx 

10 
OS 

0 ]& M%x 

O paJ 

0 10 

010 0 

059 

O 10 MIN 

O OBOiM w 

O tO Mnx . 

0 )0 

00098 ~ 000]9 
00019 

PI84LIC 

nEM MILLIMETEMS INCHES 

081 00) 

15a 0 10 

~] ]8 010 

0 051 

0 10 MAN 

OSMiN 

a 55 M%% 

OOJ xON 

01fi  Mns 

019 Mnx 

] 52 

5x 

O l0 

O)5 
005 

001 

AC CHARACTERISTICS 

TIMING WAVEFORMS 

PACKAGE OUTLINE 
µPB8216C/D 
µP68226C/b 
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NEC Microcomputers, lnc. 

CLOCK GENERATOR AND DRIVER FOR 
8080A PROCESSORS 

NEB 
N. P68224 

DESCRIPTION The µP68224 is a single chip clock generator and driver for 8080A processors. 

The clock frequency is determined by a user specified crystal and is capable of 
meeting the timing requirements of the entire 8080A family of processors. MOS 
and TTL level clock outputs are generated. 

Additional logic circuitry of the µP68224 provides signals for power-up reset, an 

advance status strobe and properly synchronizes the ready signal to the processor. 

This greatly reduces the number of chips needed for 8080A systems. 

The µP68224 is fabricated using NEC's Schottky bipolar process. 

FEATURES Crystal Controlled Clocks 

• Oscillator Output for External Timing 

• MOS Level Clocks for 8080A Processor 

• TTL Level Clock for DMA Activities 

• Power-up Reset for 8080A Processor 

• Ready Synchronization 

• Advanced Status Strobe 

• Reduces System Package Count 

• Available in 16-pin Cerdip and Plastic Packages 

PIN CONFIGURATION RESET ~s uCC 

RESIN ■ 2 I r; ■ XTAL 1 

RDYIN ,, 14 ■ XTAL 2 

READY ■ 4 µpg 13 ■ TANK 

svrvr. ■ s $224 t ,, ■ osc 

;~Z (TTL) ■ 6 1 1 ■ t>1 

sTSTa ■ ~ , o ■ ~2

GND ■ 8 9 ADO 

PIN NAMES 

RESIN Reset Input 

RESET Reset Output 

RDVIN Reatly Input 

R EADV Reatly Output 

SV NC Sync Input 

Status STB 
Output STSTB 

nt Processor 

OZ Clocks 

XTAL 1 Crystal 

XTAL 2 Connections 

Usetl With 

TANK Overtone 

Crystal 

Oscillator 
OSC Output 

pZ CLK 

OZ ITTLI ITTL Levell 

vCC +5V 

voo .tzv 
GND OV 
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µP68224 
Clock Generator 

The clock generator circuitry consists of a crystal controlled oscillator and a 

divide-by-nine counter. The crystal frequency is a function of the 8080A 

processor speed and is basically nine times the processor frequency, i.e.: 

Crystal frequency = 9 

tC Y 

where tCY is the 8080A processor clock period. 

A series resonant fundamental mode crystal is normally used and is connected 

across input pins XTAL1 and XTAL2. If an overtone mode crystal is used, an 

additional LC network, AC coupled to ground, must be connected to the 

TANK input of the µP68224 as shown in the following figure. 

\z LC =12n F/ 
FOR OV ERTONE CRYSTALS ONLY 

r 

C 

~   ~ 7 

OSC 

pz ITTLI 

RDVIN 
VCC 

5fi0K 

Z 

The formula for the LC network is: 

LC ~ 2
(2trF) 

❑ i 3-10 DF 
I ~ 1IONLV NEEDED 
L_ — 'ABOVE 10 MHzl 

15 

STSTB 

READY 

8080A 
PROCESSOR 

FUNCTIONAL DESCRIPTION 

where F is the desired frequency of oscillation. 

The output of the oscillator is input to the divide-by-nine counter. I-t is also 
buffered and brought out on the OSC pin, allowing this stable, crystal controlled 

source to be used for derivation of other system timing signals. The divide-by-

nine counter generates the two non-overlapping processor clocks, ¢~ and ¢2, 

which are buffered and at MOS levels, a TTL level ¢2 and internal timing signals. 

The ¢~ and ¢2 high level outputs are generated in a 2-5-2 digital pattern, with ¢~ 

being high for two oscillator periods, ¢2 being high for five oscillator periods, and then 
neither being high for two oscillator periods. The TTL level ¢2,¢2 (TTLi, is normally used 
for DMA activities by gating the external device onto the 8080A bus once a Hold 
Acknowledge (HLDA) has been issued. 

Additional Logic 

In addition to the clock generator circuitry, the µP68224 contains additional logic 
to aid the system designer in the proper timing of several interface signals. 

The STSTB signal indicates, at the earliest possible moment, when the status 

signals output from the 8080A processor are stable on the data bus. STSTB is 

designed to connect directly to the µP68228 System Controller and automatically 

resets the µPB8228 during power-on Reset. 

The RESIN input to the µP68224 is used to automatically generate a RESET 

signal to the 8080A during power initialization. The slow rise of the power 

supply voltage in an external RC network is sensed by an internal Schmitt 
Trigger. The output of the Schmitt Trigger is gated to generate an 8080A com-

patible RESET. An active low manual switch may also be attached to the RC 

circuit for manual system reset. 

The RDYIN input to the µP68224 accepts an asynchronous "wait request" 

and generates a READY output to the 8080A that is fully synchronized to 

meet the 8080A timing requirements. 
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BLOCK DIAGRAM XTALI ~--

XTAL2 ~—

OSCILLATOR 

TANK 

SYNC O5  

RESIN 

OSC 

• 1 11 

CLOC 

GEN 
02 

~,
VA

`
/

V 

10 
9 

o21TTL1 © 

ROVIN O 

SC HMITT 

INPUT 
~- C 

D 

STSTB 

 O RESET 

 O4 READY 

µ PB8224 

ABSOLUTE MAXIMUM Operating Temperature   0°C to+70°C 
Storage Temperature   —65°C to +150°C 
All Output Voltages (TTL)   —0.5 to+7 Volts 
All Output Voltages IMOSI   —1.0 to +13.5 Volts 
All Input Voltages   —1.5 to +7 Volts 
Supply Voltage VCC   —0.5 to +7 Volts 
Supply Voltage Vpp   —0.5 to +13.5 Volts 
Output Currents   100 mA 

RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE CU 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device a[ these or 
any other conditions above those indicated in the operational sections ofth is specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Ta = 25°C 

Ta 0`C so r ]0`C; VCC r5V %. V DD I:V •5-: 

PARAMETER SYMBOL LIMITS UNIT TEST CONDITIONS 

MIN TVP MA% 

Input Curren) Loatling IF -0.25 mA VF -0.45V 

Inpus Leakage Current IR 10 uA VR = 5.25V 

Inpus Forward Clamp Voltage VC -1.0 V IC ~ -5 mA 

Inpus "Low" Voltage VIL 0.8 V VCC = S,OV 

Islput "MigN" VOHage VIH 26 

2.0 

V Rex[ Inpus 

All Other Inputs 

RESIN Input Hysteresis VIH-VIL 0.25 V VCC=5.OV 

Output "Low" V°hage VOL 0.45 

0.45 

V 

V 

1~>1, 021. Ready. Reset, S 

IpL = 2.5 mA 

All Other Inputs 

IpL = 15 mA 

Output "Higls" Voltage 

01. 02 
HEADY, RESET 

All Oslser Outputs 

VOH 

9.4 

36 

2 d 

V 

V 

V 

IpH=-100 uA 

IDH =-1(q s.A 

IOH = -1 mA 

Output SM1ors Circuit Currens 

IAII Law Voltage Outputs Onlyl 

ISC m -10 -60 mA VO - OV 

VCC - S.OV 

Power Supply Current ICC 115 mA 

Power Supply Current IDD i5 mA 

Note: Q1  Caution. 01 and 02 output tlriveri do not M1ave dlort circuit protection 

Ta = 25°C; f = 1 MHz; VCC = 5V; VDp = 12V; VRIAS = 2.5V 

PARAMETER SYMBOL LIMITS UNIT TEST CONDITIONS 

MIN TVP MAX 

Input Capacitance CIN pF 

Note: Q7 This parameter is periodically sampled and not 100% tested. 567 



µP68224 
Ta -0°C m+70°C; VCC=+SV x5%; VDD=+12V ~5% AC CHARACTERISTICS 

I PARAMETER SVMeOL LIMITS UNIT TEST CONDITIONS 

MIN ' TVP MAX 

91 Pulse Width 101 2tCV 
B 

-20 ns 

~s 

CL=20 pF to 50 pE 

p2 Pulze Wtl[h tp2 StCY 
B 

-35 ns 

Ol to Op Delay tpl 0 

p2 to pl Delay tp2 2tCY 
9 

-14 ns 

pl to 02 Delay tD3 2tCY 
9 

2tCY 
9 

+20 ns 

Ol and p2 Rise Time tR 20 

pl antl 02 Fall Time tF 20 

p2 to 02 fTTl) Delay tDOp -5 +15 ns OZ TTL, CL = 30 pF 

R1 = 30051 

R2 = 60052 

n2 to CTCTB D94av „~~ 6t~y 

B 
-30 ns 

6;Cv 
9 

ns 

ST5T6 Pulse Width tpyy tCy 

B 
-15 ns 

ns 

STSTB. CL = 15 pF 

R 1 = 2K 

R2 = 4K 

RDVIN Setup Time tDRS 4tCy 
50 ns - 

B to STSTB 

RDVIN Hold Time 

After 75 56 tDRH 
QtCV 
g 

R EADV or RESET 

to O2 Delay 

tpR gt0y 
-25 ns 

B 
ns 

Ready and Reset 

CL = 10 pF 

R1=2K 

R2=4K 

Crystal Frequency fCLK 9 
tCY 

MHz 

Maximum Oscillating 

Frequency 

fMAX 27 MHz 

Note' Q1  t0y represents [he proces Or clock period 

SYNC 
IFROM PROCESSORI 

INPUT 

TEST CIRCUIT 

F 

rpn2 4Jo]+ 

sure ~.1~

- CDR) 5 `

RDVIN OR RESIN 

REAOv 

RESET 

oss 

'DRR 

ID 

ItR -~ 

TIMING WAVEFORMS 

568 
Voltage Measurement Points: ~~, ¢2 Logic "0" = 1.OV, Logic "1" = 8.OV. 

All other signals measured at 1.5V. 



µ PB8224 
CRYSTAL REQUIREMENTS Tolerance   0.005%at0°C-70°C 

Resonance   Series (Fundamental) Qt 
Load Capacitance   20.35 pF 
Equivalent Resistance  75-20 ohms 
Power Dissipation (Min)   4 mW 

Note: Q1  With tank circuit use 3rd overtone mode. 

PACKAGE OUTLINE 
µPB8224C 

µPB8224D 

H 

A 

(PLASTIC► 
ITEM MILLIMETERS INCHES 

A 190MAX 076 MA%. 

B O6t 003 

C 25a 010 

D 05 002 

E t 7 76 0.70 

F 1 3 0 051 

G 25a :nN OIOMIN 

N 05MiN 0.02 ^.11N 

I d.05 h.Ax 0.16 MAX 

J 455 MAX 016 MAX 

K 162 Ol0 

L 6 d 0.25 

010 
ti+ 025 

0.05 
001 

A 

(CERDIP) 
ITEM MILLIMETER$ INCHES 

A 19.9 MA% 0.76E MA% 

B 106 0a2 
c z 5E 010 
o Dab • 0.10 o.ole • o ooE 
E t ] 76 0.70 
F 15 0059 
G 1.5E MIN 0.10 MIN 
M 0.5 MIN 0.019 MIN 

I E.56 MAX 0.161 MAX 

J 5.08 MAX 0.20 MAX 
K 7.62 0.30 
L 6.6 0.2T 

M 0.25 ~ 0.10 
0.05 0.0096 ~ 0.0039 

- 0.0019 

-f L 

K 

L ~ 

0-15"~ 

8224DS 7 2-80.CAT 
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NEC Microcomputers, Inc. 

8080A SYSTEM CONTROLLER 
AND BUS DRIVER 

NEC 
Ne P68228 
~u PB8238 

DESCR IPTION The µP68228/8238 is a single chip controller and bus driver for 8080A based 
systems. All the required interface signals rrecessary to connect RAM, ROM and 
I/O components to a µPD8080A are generated. 

The µP68228/8238 provides a bi-directional three-state bus driver for high TTL 
fan-out and isolation of the processor data bus from the system data bus for 
increased noise immunity. 

The system controller portion of the µP68228/8238 consists of a status latch for 
definition of processor machine cycles and a gating array to decode this information 

for direct interface to system components. The controller can enable gating of a 
multi-byte interrupt onto the data bus or can automatically insert a RESTART 7 onto 
the data bus without any additional components. 

Two devices are provided: the µP68228 for small systems without tight write timing 
constraints and the µP68238 for larger systems. 

FEATURES • System Controller for 8080A Systems 

• Bi-Directional Data Bus for Processor Isolation 

• 3.60V Output High Voltage for Direct Interface to 8080A Processor 

• Three State Outputs on System Data Bus 

• e Enables Use of Multi-Byte Interrupt Instructions 

• Generates RST 7 Interrupt Instruction 

• µP68228 for Small Memory Systems 

• µP68238 for Large Memory Systems 

• Reduces System Package Count 

• Schottky Bipolar Technology 

PIN CONFIGURATION 
STSTB 

HLDA 

WR 

DBIN 

DBq 

Dq 

D67 

D7 

Deg 

D3 

DB2 

D2 

DBp 

GND 

6 

7 

8 

9 

10 

it 

12 

13 

14 

µP6 
8228/ 
8238 

zs 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

NC: No Connection 

ACC 

I/OW 

MEMW 

I/OR 

MEMR 

INTA 

B USEN 

Dg 

DBg 

D5 

D65 

D1 

D81 

Dp 

PIN NAMES 
D7 — Do Data Bus (Processor Side) 
Deb — DBO Data Bus (System Sidel 

1/OR I/O Reed 

l/ow uo write 
MEMR Memory Read 

MEMW Memory Write 

DBIN DBIN (From Processor) 

INTA Interrupt Acknowledge 

HLDA HLDA (From Processor) 

WR WR (From Pracessorl 

BUSEN Bus Enable Input 

STSTB Status Strobe )From uP86224) 

V~~ a5V 

GND 0 Volts 

Rev/1 
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µP6822818238 
Bi-Directional Bus Driver FUNCTIONAL DESCRIPTION 
The eight bit, bi-directional bus driver provides buffering between the processor data 
bus and the system data bus. On the processor side, the µP68228/8238 exceeds the 
minimum input voltage requirements (3.OV) of theµPD8080A. On the system side, 
the driver is capable of adequate drive current I10 mA) for connection of a large 
number of memory and I/O devices to the bus. Signal flow in the bus driver is con-
trolled by the  gating array and its outputs can be forced into a high impedance state 
by use of the BUSEN input. 

Status Latch 

The Status Latch in the µP68228/8238 stores the status information placed on the 
data bus by the 8080A at the beginning of each machine cycle. The information is 
latched when 5i~ goes low and is then decoded by the gating array for the 
generation of control signals. 

Gating Array 
The Gating Array generates "active low" control signals for direct interfacing to system 
components by gating the contents of the status latch with control signals from the 
8080A. 
MEM/R, I/OR and INTA'are generated by gating the DBIN signal from the processor 
with the contents of the status latch. I/OR is used to enable an I/O input onto the 
system data bus. MEM/R is used to enable a memory input. 

INTA is normally used to gate an interrupt instruction onto the system data bus. When 
used with the µPD8080A processor, the µP68228/8238 will decode an interrupt 
acknowledge status word during all three machine cycles for amulti-byte interrupt 
instruction. For 8080A type processors that do not generate an interrupt acknowledge 
status word during the second and third machine cycles of a multi-byte interrupt 
instruction, the µP68228/8238 will internally generate an INTA pulse for those 
machine cycles. 
The µPB822tf/8238 also provides the designer the ability to place a single interrupt 
instruction onto the bus without adding additional components. By connecting the 
+12 volt supply to the INTA output (pin 23) of the µP68228/8238 through a 1 K 
ohm series resistor, RESTART 7 will be gated onto the processor data bus when DBIN 
is active during an interrupt acknowledge machine cycle. 

MEM/W and II /OW are generated by gating the WR signal from the processor with the 
contents of the status latch. II /OW indicates that an output port write is about to 
occur. MEM/W indicates that a memory write will occur. 
The data bus output buffers and control signal buffers can be asynchronously forced 
into a high impedance state by placing a high on the BUSEN pin of the µP68228/ 
8238. Normal operation is performed with BUSEN low. 

BLOCK DIAGRAM 

VROCESBOR 
DATA 
BUS 

Op /5 

03 

D4 
a 

0 

DI )T  

D2 

D5 

DG 

D~ 

BIDIRECTIONAL 
BUS DRIVER 

_  13 DBp 

- 16 OBI 

-  11 OB2 

_ 
O 

pg3 

_ 
O 

DBq 

_ - 18 D65 

 O DBo 

- - Ol DB, 

V STEM DATA BUS 

DRIVER CONTROL 

STATVS 
LATCH 

VCC 28 }  24 MEMR 

GND 16 
GATING 

D- ~ MEMW 

ARRAY 

STSTB at .~ 1 • ® I/OR 

DBIN D  27 I/O W O ~ 

WR • ® 4USEN 

p  21 INTA 

Oj 

HLDA ~~ -► 
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µP 6822818238 

ABSOLUTE Operating Temperature . _   0°C to+70°C 
MAXIMUM RATINGS* Storage Temperature   -65°C to+150°C 

All Output or Supply Voltages   -0.5 to +7 Volts 
All Input Voltages   -1.5 to 5.5 Volts 
Output Currents   100 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25°C 

DC CHARACTERISTICS r a =o°ctp~o°C,Vcc =Sv=5% 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Input Clamp Voltage, All Inputs VC -1.0 V VCC = 4J5V; ICC = -5 mA 

Input Loatl Current, STSTB Ip 500 µA 

VCC = 5.25V 

vF = 0.45V 

D2 and D6 750 µA 

Op, Dl, Dq, D5, and D7 250 µA 

All Other Inputs 250 µA 

Input Leakage Current, STSTB Iq 100 µA 
VCC = 5,25V 

Vq=5.OV 
OBp through D87 20 µA 

All Other Inputs 100 µA 

Input Threshold Voltage, All Inputs VTH 0.8 2.0 V VCC = SV 

Power $UDDIY Current ICC 190 mA VCC - 5.25V 

Output Low Voltage. Dp through 07 VOL 0.45 V VCC,= 4J5V; IOL = 2 mq 

All Other Outputs 0.48 V IOL = 10 mA 

Output High Voltage, DO through D2 VOH 3.6 V VCC = 4J5V; IOH = -10 µA 

All Other Outputs 2.4 V IOH = -1 mA 

Short Circuit Curren[, All Outputs IOg 15 90 mA VCC = 5V 

Ofl State Output Curren[, 
All Control Outputs 

IOloffl 100 µA VCC = 5.25v; VO = S.OV 

_7 p0 µq VO = 0.45V 

INTA Current IINT ~ mA ISee Figure below) 

~12V 

CAPACITANCE, 

INTA 

IINT 

i K:t ~ 10% 

INTA TEST CIRCUIT 

T, = 25° C 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TYP MAX 

Input Capacitance CIN 12 PF Vglgg = 2.SV, 

VCC = 5.OV, 

f = 1 MHz 

Output Capacitance 
Control Signals COUT 15 pF 

I/O Capacitance 
ID or DBI CIlO 15 pF 

NOTE: This parameter is periodically sampled and not 100% tested. 
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µP6822818238 

PARAMETER SVMBOI 

LIMITS 
_ 

UNIT 

TEST 

CONDITIONS MIN TV► MAX 

Width of Status Strobe tpyy 22 ns 

Setup Time, Status Inputs 
Dp-D7 t55 8 ns 

HDItl Tima, Staves Inputs DO-D7 tSH 5 ns 

0.1ay Tram STSTB w any 
Control Signal tOC 20 60 ns CL = 100 pF 

Dsday from DBIN to Control 
Outputs tRR 30 ns CL = 100 pF 

Oalay from DBIN to Enable/ 
Disable 8080A But tRE 45 ns CL = 25 pF 

Delay from System Bus to 
BOSOA Bus durirq Read 

tqp 30 nz CL = 25 pF 

Delay from WR to Control 

Outputs 
tysq 5 45 ns CL = 100 pF 

Delay to Enable System Bus 
tW E 30 ns CL = I Op pF 

DBO-D87 after STSTB 

DNay from 8080A Bus DO-D7 
to SYatem Bus OBO•D87 during 
Write 

tyyp 5 40 ns CL = 100 pF 

Delay from Sys[am Bus Eroble 
to System Bus DBp-D87 

tE 30 ns CL - 100 pF 

HLDA to Read Status Outputs tHp 25 of 

SatuD Time, System Bus 
Inputs to HLDA tOS t0 nt 

Nold Time, System Bus 

Inputs to HLDA tDH 20 ns CL = 100 pF 

For Op-D7: Rt - 4 Kfl. R2 = -!3. 

C L • 25 DF. For all other outpute. 

R i ` 50Dfi. R2 - 1 Kit. CL = 100 pF. 

OUTPUT 
PIN 

TEST CIRCUIT 

STSTB 

PROCESSOR DATA BUS 

I~ 
DBIN 

+rSN~ 

R 

INTA, I/OP, MFMR 

'DC-+ 

INTA, I/OR, MEMR 
DURING HLDA 

SYSTEM BUB DURING REAP 

PROCESSOR BUB DURIrvG READ -- 

~~ 

+ros~+'DN~ 

IRD f w'RE 

Wp-+1 ~-IWR 

PPB81]B IIOW w MEM W 
rDC 

uP88]]81/OW w MEM W 

PpOCE550R BUB DURING WRITE 

SYSTEM BUS DURING WRITE 

—~ 

~ 

I E 

+tWp~.l 

BUSEN 

~

I~1 
BVSTEM BUS OUTPUTS — Y 

' 

AC CHARACTERISTICS 

TIMING WAVEF(7RMS 

VOLTAGE MEASUREMENT POINT$' Dp~OT INMn ovrpulsl Lapc'0"•0.9V, Logic"1"•].W. FIIOWrriEMlr mYwrM 
EI 1.BV. 
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µ P 68228/8238 

STATUS WORD CHART 

O `~ 

~: ~ ~ 
=O~ 

~P

0 40 O=  4.P  ? O tip' O 
'~ P N O 

J~ y ~ ~ ~ e~P ye e~P ~e  ~~ , ~ 0~2
P tiJ tieJ Oe oe ~~ o~ ~ aJ ee Q ~ 

Q' ~P 5 4,~ 4,r̀  tiP ~P QJ J ~`~' '~ Q > y = ~ ~ ~ ~ 2 0 ~ ~ s 

0 io 
Do INTA 0 0 0 0 0 0 0 1 

D~ WO 7 1 0 1 0 1 0 1 1 

D2 STACK 0 0 0 1 7 0 0 0 
D3 H LTA 0 0 0 0 0 0 0 0 1 1 

Dq OUT 0 0 0 0 0 0 1 0 0 

D5 M~ 7 0 0 0 0 0 0 1 0 1 

D6 INP G 0 0 0 0 1 0 0 

D7 MEMR 1 1 0 0 0 

...... ..._ a
24 MEMR 0 1 1 1 

26 M EMW 0 1 0 1 1 

25 I/OR 1 1 t i i o i 
27 I/OW 1 1 1 i 1 1 0 1 

23 INTA 1 7 7 1 1 1 1 

PIN\ 

N0. 

SIGNAL STATUS 

µP68228/8238 CO NT R 0 L SIGNALS 

µPD8080A 

OUTPUT 

µP88228/8238 

OUTPUT 
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µ P 6822818238 

A 

H ~~ 

-~+ B 
~ _ _ ~ ~ 4~ 

F +,~ I~ ~ C~ y1 F D G 
E --~{ 

A 

K 
L 

~r 

0°-1 5°

(Plastic) 

ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX. 

B 2.49 0.098 

C 2.54 0.10 

D 0 5 0.1 0.02' 0.004 

E 33.02 1.3 

F 1.5 0.059 

G 2.54 MIN. 0.10 MIN. 

H 0.5 MIN. 0.02 MIN. 

I 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 0.6 

L 13.2 0.52 

M 0.25+ 0.10 001+0.004 
0.05 0.002 

B ~ -~! C 
.~ 

'~;"' 
D 

E 

PACKAGE OUTLINE 
µP68228C 
µP68238C 

µPB8228D 
 ~ ~, I µPB8238D 

~' --~ 

~~ i`r- M 

(Ceramic) 
ITEM MILLIMETERS INCHES 

A 36.2 MAX. 1.43 
8 1.59 MAX. 0.06 
C 2.54 0.1 
D 0.46 ~ 0.05 0,02.0.004 
E 33.02 1.3 
F 1.02 0.04 
G 3.2 MIN. 0.13 
H 1.0 0.04 
I 3.5 0.14 
J 4.5 0.18 
K 15.24 0.6 
L 14.93 0.59 
M 0.25 t 0.05 0.01 s 0.002 
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NEC Microcomputers, Inc. 

INPUTIOUTPUT EXPANDER FOR 
µPD804818748/8035 

NBC 
ft PD8243 

DESCR IPTION The µPD8243 input/output expander is directly compatible with the µPD8048 family 
of single-chip microcomputers. Using NMOS technology the µPD8243 provides high 
drive capabilities while requiring only a single +5V supply voltage. 

The µPD8243 interfaces to the µPD8048 family through a 4-bit I/O port and offers 
four 4-bit bi-directional static I/O ports. The ease of expansion allows for multiple 
µPD8243's to be added using the bus port. 

The bi-directional 1/0 ports of the µPD8243 act as an extension of the I/O capabilities 
of theµPD8048 microcomputer family. They are accessible with their own ANL, MOV, 
and OR L instructions. 

FEATURES Four 4-Bit I/O Ports 
• Fully Compatible with µPD8048 Microcomputer Family 
• High Output Drive 
• NMOS Technology 
• Single +5V Supply 
• Direct Extension of Resident µPD8048 I/O Ports 
• Logical AND and OR Directly to Ports 
• Compatible with Industry Standard 8243 
• Available in a 24-Pin Plastic Package 

P50 

P40 

P41 

P42 

P43 

CS 

PROG 

P23 

P22 

P21 

P20 

GND 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

24 

23 

22 

21 

20 

19 

18 

17 

16 

t5 

14 

13 

ACC 

P51 

P52 

P53 

P60 

P61 

P62 

P63 

P73 

P72 

P71 

P70 
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µPD8243 

General Operation 

The I/O capabilities of the µPD8048/8748/8035 can be enhanced in four 4-bit I/O port 

increments using one or more µPD8243's. These additional I/O lines are addressed as 

ports 4-7. The following lists the operations which can be performed on ports 4-7. 

• Logical AND Accumulator to Port. 
• Logical OR Accumulator to Port. 
• Transfer Port to Accumulator. 
• Transfer Accumulator to Port. 

Port 2 (P20-P231 forms the 4-bit bus through which the µPD8243 communicates with 

the host processor. The PROG output from the µPD8048/8748/8035 provides the 
necessary timing to the µPD8243. There are two 4-bit nibbles involved in each data 

transfer. The first nibble contains the op•code and port address followed by the second 

nibble containing the 4-bit data. Multiple µPD8243's can be used for additional I/O. 

The output lines from the µPD8048/8748/8035 can be used to form the chip selects 
for the additional µPD8243's. 

Power On Initialization 

Applying power to the µPD8243 sets ports 4-7 to the tri-state mode and port 2 to the 
input mode. The state of the PROG pin at power on may be either high or low. The 
PROG pin must make ahigh-to-low transition in order to exit from the power on 
mode. The power on sequence is initiated any time VCC drops below 1 V. The table 
below shows how the 4-bit nibbles on Port 2 correspond to the µPD8243 operations. 

Port Address Op-Code 

P21 P20 Address Code P23 P22 Instruction Code 

0 0 Port 4 0 0 Read 

0 1 Port 5 0 1 Write 

1 0 Port 6 1 0 ORLD 

1 1 Port 7 1 1 ANLD 

For example an 0010 appearing on P20-P23, respectively, would 
result in a Write to Port 4. 

Read Mode 

There is one Read mode in the µPD8243. A falling edge on the PROG pin latches the 
op•code and port address from input Port 2. The port address and Read operation are 
then decoded causing the appropriate outputs to be tri-stated and the input buffers 
switched on. The rising edge of PROG terminates the Read operation. The Port 
(4,5,6, or 7) that was selected by the Port address (P21-P201 is returned to the tri-state 
mode, and Port 2 is switched to the input mode. 

Generally, in the read mode, a port will be an input and in the write mode it will be an 
output. If during program operation, the µPD8243's modes are changed, the first read 
pulse immediately following a write should be ignored. The subsequent read signals are 
valid. Reading a port will then force that port to a high impedance state. 

Write Modes 

There are three write modes in the µPD8243. The MOVD Pp,A instruction from the 
µPD8048/8748/8035 writes the new data directly to the specified port (4,5,6, or 7). 
The old data previously latched at that port is lost. The ORLD Pp,A instruction per-
forms alogical OR between the new data and the data currently latched at the 
selected port. The result is then latched at that port. The final write mode uses the 
ANLD Pp,A instruction. It performs a logical AND between the new data and the 
data currently latched at the specified port. The result is latched at that port. 

The data remains latched at the selected port following the logical manipulation until 
new data is written to that port. 

FUNCTIONAL 
DESCRIPTION 

578 



~. PD8243 

BLOCK DIAGRAM 

PIN IDENTIFICATION 

PORT 2 

ANDiOR 
LOGIC 

TEMP 

MULTIPLEXER 

CONTROL 

RESET 

CIRCUIT 

INSTRUCTION 

DECODER 

ADDRESS 

DECODER 

INPUT 
BUFFER 

LATCH 4 

INPUT 
BUFFER 

PORT 7 

LATCH I 4  7 

  PORT 6 

INPUT 

BUFFER 

LATCH

 ~4  

) 

PORT 5 

INPUT 

BUFFER 

LATCH  4  ) 

  PORT

✓

4 

PIN 

FUNCTION NO. SYMBOL 

2-5 P40-P43 The tour 4-bit static bi-directional I/O ports. They 
1, 21-23 P50-P53 are programmable into the following modes: 
17-20 P60-P63 input mode (during a Read operationl; low 
13-16 P70-P73 impedance latched output mode (after a Write 

operation); and the tri-state mode (following a 
Read operationl• Data appearing on I/O lines 

P20-P23 can be written directly. That data can 
also be logically ANDed or ORed with the previous 
data on those lines. 

6 C3̀ Chip Select input (active-low). When the µPD8343 
is deselected (CS = 11, output or internal 
status changes are inhibited. 

7 PROG Clock input pin. The control and address informa-
tion are present on port lines P20-P23 when PROG 
makes ahigh-to-low transition. Data is present on 
port lines P20-P23 when PROG makes aloes-to-high 
transition. 

8-11 P20-P23 P20-P23 forma 4-bit bidirectional port. Refer to 
PROG function for contents of P20-P23 at the 
rising and falling edges of PROG. Data from a 
selected port is present on P20-P23 prior to the 
rising edge of PROG if during a Read operation. 

12 GND TheµPD8041/8741groundpotential. 

24 VCC +5 volt supply. 
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µPD8243 
Operating Temperature   0°C to +70°C ABSOLUTE MAXIMUM 
Storage Temperature (Ceramic Package)   -65°C to+150°C RATINGS* 
Storage Temperature (Plastic Package)   -65°C to +125°C 
Voltage on Any Pin   - 0.5 to +7 Volts 
Power Dissipation   1 W 

Note: Q1  With respect to grog+nd. 

COMMENT: Stress aoove those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Ta = 25°C 

PROG 

PORT 3 

PORT 2 

PORTS a-) 

PORTS/] 

CS 

Ta = 0° C to +70° C: VCC = +5V : 5% 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MA% 

Inpu[ Low Voltage VIL -0.5 0.6 V 

Input High Voltage VIH 2.0 VCO+0.5 V 

Output Low V°Itage (Ports 4.7) VpL1 0.45 V IpL = 5 mA O 

Output Low V°Itage (Port 71 VOL2 1 V IOL = 20 mA 

Output Low Voltage (Port 21 VpLO 0.45 V IpL = 0.6 mA 

Output High Voltage ►Ports 4-71 VOH 1 2.4 V IOH = 240 yA 

Output High VDltage (Port 21 VOH2 2.4 V IOH = 100 PA 

Sum of All IOL From 16 Outputs IOL 100 mA 5 mA Each Pin 

Input Leakage Current (Ports 4.7) IILt -10 20 PA VIN =VCC to OV 

Input Leakage Curren[ (Port 2, 
CS, PROGI -

IIL2 -10 10 MA VIN =VCC to OV 

VCC Supply Current ICC 10 20 mA 

Noa: 01 Refer to graph of additional sink current driv . 

Ta = 0°C to X70° C; VCC = +5V x 5% 

PARAMETER SYMBOL 
LIMITS_ 

TVP MA% UNITS 
TEST 

CONDITIONS MIN 

Code Valid Before PfiOG [q 100 ns 80 pF Load 

Code Valid After PROG tg 60 ns 20 pF Load 

Data Valid Before PROG iC 200 ns 80 pF Load 

Data Valid After PROG tp ZO ns 20 pF Load 

Pon 2 Floating Alter PROG tH 0 150 ns 20 pF Load 

PROG Negative Pulse WitlN tK 900 ns 

Ports 4-7 Vand After PROG tp0 700 ns 100 pF Load 

Ports 4-7 Vaiitl Before/After PROG tLp1 100 ns 

Pon 2 Valid After PROG tgCC 750 ns 80 pF Load 

!~ Valid Before/After PROG tag 50 ns 

ACC 

F C —~ 

s-•tH 

Dy 

OUTPUT VALID 

PO 

PREVIOUS OUTPUT VALID 

tIP 

INPUT VALID 

5 

OUTPUT 
V 

DC CHARACTERISTICS 

AC CHARACTERISTICS 

TIMING WAVEFORMS 
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µPD8243 
CURRENT SINKING 

CAPABILITY 

T
O

T
A

L
 S

IN
K

 C
U

R
R

E
N

T
 I

N
 m

A
 1

 

25^ 

7s-

50-

25 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
MAxIMUM SINK CVRRENT AT ANV PIN IVpL=O.OVI 

M11A%IMUM IOL WORST CASE PIN IN mA. 

Nota: ~ This curve plots the guaranteed worst case current Oinking capability of any I/O port line versus the total sink current of all pin:. 

The yPD8243 is capable al sinking 5 mA (for VOL = 0.4V1 through each of the i6 I/O lines simultaneously. The current sinking 
curve shows how the individual I/O line drive increases if all [he I/O lines are not fully loaded. 

PACKAGE OUTLINES  A 
µPD8243C 

B 

(PLASTIC) 

ITEM MILLIMETERS INCHES I 

A 33 MAX 1.3 MAX 

9 2.53 0.1 

C 2.54 0.1 

D 0.5 X0.1 0.02 v0.fp4 

E 27.94 1.7 

F 1.5 0.059 

G 2.54 MIN 0.1 MIN 

H 0.5 MIN 0.02 MIN 

1 5.22 MAX 0.205 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.8 

L 13.2 0.52 

M 0.25 
X0.10 

0.01 
a0.OW 

-0.05 -0.0019 

8243DS 12-8d CAT 
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NEC NEC Microcomputers, Inc. f,cPD8251 
µ P D8251 A 

PROGRAMMABLE COMMUNICATION INTERFACES 

DESCRIPTION TheµPD8251 and µPD8251A Universal Synchronous/Asynchronous Receiver/ 
Transmitters (USARTs) are designed for microcomputer systems data communications. 
The USART is used as a peripheral and is programmed by the 8080A or other 
processor to communicate in commonly used serial data transmission techniques includ-
ing IBM Bi-Sync. The USART receives serial data streams and converts them into 
parallel data characters for the processor. While receiving serial data, the USART will 
also accept data characters from the processor in parallel format, convert them to serial 
format and transmit. The USART will signal the processor when it has completely 
received or transmitted a character and requires service. Complete USART status 
including data format errors and control signals such as TxE and SYNDET, is available 
to the processor at any time. 

FEATURES • Asynchronous or Synchronous Operation 
— Asynchronous: 

Five 8-Bit Characters 
Clock Rate — 1, 16 or 64 x Baud Rate 
Break Character Generation 
Select 1, 1-1/2, or 2 Stop Bits 
False Start Bit Detector 
Automatic Break Detect and Handling (µPD8251A) 

— Synchronous: 
Five 8-Bit Characters 
Internal or External Character Synchronization 
Automatic Sync Insertion 
Single or Double Sync Characters 

• Baud Rate (1 X Mode) — DC to 56K Baud (µPD8251) 
— DC to 64K Baud (µPD8251A) 

• Full Duplex, Double Buffered Transmitter and Receiver 
• Parity, Overrun and Framing Flags 
• Fully Compatible with 8080A/8085/µPD780 (Z80TM) 
• All Inputs and Outputs are TTL Compatible 
• Single +5 Volt Supply, t10% 
• Separate Device Receive and Transmit TTL Clocks 
• 28 Pin Plastic DIP Package 

N-Channel MOS Technology 

PIN NAMES 
PIN CONFIGURATION DZ 

D3 

RxD 

GND 

Dq 

DS 

D6 

D7 

TxC 

WR 

C/D 

RD 

RzRDY 

DI 

Op 

ACC 

DTR 

RTS 

DSR 

RESET 

CLK 

TxD 

TKE 

D~ 

SYNDET IµPD82511 

SVNOET/BD IµPD8257A) 
TKR DY 

D)'DO Dau Rm 18 Baal 

CID Control «Data Ia to b Written « Reaq 

rib RaaE Data ComnrrM 

WTi w.ae wt. « comrol comm.nq 

a Cnip Enada 
CLK Clock pulaa ITTLI 
RESET Rwt 

TaC TranRnitur Clock ITTLI 
T,D lran ~ ar Data 
RxC Raoerver Clpck ITTLI 
RxD Raceivar Drta 
R.ROY Retxiver ReaW Inr cnara«x for 808D1 
TaRDY 
0~ii 

T.anunitter Reegy I.eaey /or crier. Irom 8°801 

Dm Set ReaEy 
DTR Dna Terminal ReaJY 

SYNDET SYnc OetM 

SYNDETIBD Sync DetM/Break Detect 

RTS 

CTS 

Rpuwt to SanO Dm 

Char to SarM Dau 

TKE Tmpnitter Empry 

VCC 
GND 

r$Vat Supply 
Grwrq 

TM: Z80 is a registered trademark of Zilog. 
Rev/4 
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µPD825118251 A 

The µPD8251 and µPD8251A Universal Synchronous/Asynchronous Receiver/ 
Transmitters are designed specifically for 8080 microcomputer systems but work with 

most 8-bit processors. Operation of the µPD8251 and µPD8251 A, like other I/O devices 
in the 8080 family, are programmed by system software for maximum flexibility. 

In the receive mode, the µPD8251 or µPD8251A converts incoming serial format data 
into parallel data and makes certain format checks. In the transmit mode, it formats 
parallel data into serial form. The device also supplies or removes characters or bits that 
are unique to the communication format in use. By performing conversion and format-
ting services automatically, the USART appears to the processor as a simple or "trans-
parent" input or output of byte-oriented parallel data. 

The µPD8251A is an advanced design of the industry standard 8251 USART. It 
operates with a wide range of microprocessors, including the 8080, 8085, and 
µPD780 (Z80TM1. The additional features and enhancements of the µPD8251A over 
theµPD8251 are listed below. 

1. The data paths are double-buffered with separate I/G registers for control, status, 
Data In and Data Out. This feature simplifies control programming and min-
imizes processor overhead. 

2. The Receiver detects and handles "break" automatically in asynchronous 
operations, which relieves the processor of this task. 

3. The Receiver is prevented from starting when in "break" state by a refined Rx 
initialization. This also prevents a disconnected USART from causing unwanted 
interrupts. 

4. When a transmission is concluded the TxD line will always return to the marking 
state unless SBRK is programmed. 

5. The Tx Disable command is prevented from halting transmission by the Tx 
Enable Logic enhancement, until all data previously written has been trans-
mitted. The same logic also prevents the transmitter from turning off in the mid-
dle of a word. 

6. Internal Sync Detect is disabled when External Sync Detect is programmed. An 
External Sync Detect Status is provided through aflip-flop which clears itself 
upon a status read. 

7. The possibility of a false sync detect is minimized by: 

- ensuring that if a double sync character is programmed, the characters be 
contiguously detected. 

- clearing the Rx register to all Logic 1s (VOH) whenever the Enter Hunt com-
mand is issued in Sync mode. 

8. The RD and WR do not affect the internal operation of the device as long as the 
µPD8251A is not selected. 

9. The µPD8251A Status can be read at any time, however, the status update will 
be inhibited during status read. 

10. The µPD8251A has enhanced AC and DC characteristics and is free from 
extraneous glitches, providinal higher speed and improved operating margins. 

11. Baud rate from DC to 64K. 

C/D RD ~ WR ` CS ' 

0 0 1 0 µPD8251/µPD8251A -~ Data Bus 
0 1 0 0 DataBus~µPD8251/µPD8251A 
1 0 1 0 Status -~ Data Bus 
1 1 0 0 Data Bus --> Control 
X X X 1 

Data Bus -~ 3-State 
X 1 1 0 

TM:Z80 is a registered trademark of Zilog. 

FUNCTIONAL 
DESCRIPTION 

µPD8251A FEATURES AND 
ENHANCEMENTS 

BASIC OPERATION 
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µPD825118251 A 
BLOCK DIAGRAM 

D'D°( J 
DATA 

8U5 
BUFFER 

RESET —a 

CLK —y 

C D ~ 

R D --~Q 

WR ~Q 

CS 

R EAD yJRITE 
CONTROL 
LOGIC 

DSR—y0 

DTR ~G 

CTS ~C 

R TS Fd 

MODEM 
ONTROL 

INTERNAL 
DAT4 9US 

TRANSMIT 
BUFFER 

IP sI 

TRANSMIT 

CONTROL 

RECEIVE 
BUFFER 
15 pl 

RECEIVE 
CONTROL 

y T.R Dv 

~~ T.E 

.f T.0 

~~ RwRDV 

.~R.0

~~ S~NDET Iw RDa7511 

S~NDET~BD IwRDa751 AI 

ABSOLUTE MAXIMUM Operating Temperature   -0°C to~`70°C 
RATINGS` Storage Temperature   -65°C to+125°C 

Ali Output Voltages   -0.5 to+7 Volts 
All Input Voltages   -0.5 to+7 Volts 
Supply Voltages   -0.5 to+7 VDlts 

DC CHARACTERISTICS 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Ta = 25°C 
Ta =O°C to 70°C; VCC=5.OV ~ 10%;GND=OV. 

PARAMETER SYMBOL 

LIMITS 

UNIT TEST CONDITIONS 

PD8251 NPO8251A 

MIN TVP MAX MIN MAX 

Input Low Vol tage VIL -0.5 0.8 0.5 0.6 V 

Input High Voltage VIH 2.0 VCC 2.0 VCC V 

Output Low Voltage VOL 0.45 0.45 V 
y PD6251 IOL = 1.7 mA 

❑PD8251 A IOL=2.2 mA 

Output Hlgh Voltage VOH 2.4 24 V 
uPD8251. IOH=-10C yA 

uPD8251A -. IOH = —60G uA 

Data Bus Leakage IOL 
—50 —10 

uA 
vOUT = 0.45V 

10 10 VOUT=VCC 
Input Load Current IIL 10 10 ❑A At S.SV 

Power Supply Currem ICC 45 80 100 mA 
wPO8251 A: All Outputs= 

Lo9lc i 

CAPACITANCE Ta = 25°c; vDD =GND = ov 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN ~ TV► MA% 

I nput Capac itance CIN 10 pF fc= 1 MHz 

Unmeasured 
pins returned 
to GND 

1/O Capacitance Cl/O 20 pF 

585 



f,cPD825118251A 
Ta =O°C to 70° C; VCC =5.OV:10%; GND=OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS 

µPD825/ µPO8215A 

MIN MAX MIN MAX 

READ 

Atltlress Stable before READ. 1(`S`, ~1 tqR 50 0 ns 

Adtlress Hold Time for RED, 10$. C61 tqq 5 0 ns 

READ Pulse Witlm tqR 430 250 ns 

Dara Delay from READ sR0 350 200 ns µPD8251: CL = 100 pF 
µPD8251 A: CL - 150 pF 

R EAD to Data Floating tDF 
25 

200 
10 

100 ns µpO8251 
CL -100 pF 
CL = 15 pF 

WRITE 

Address Stable below WRITE tgyy 20 0 ns 

Address Hold Time for WRITE tyyq 20 0 ns 

WRIT~Pulse Witltn tyyW 400 250 ns 

Data Set~Up Time for WRITE tpyy 200 150 ns 

Data Had Time for 00iliTE tyyp 40 0 ns 

Recovery Time Between WRITES 0 tqy 6 6 tCy 

OTNER TIMING 

Clock Period (~ sCy 0420 1.35 0.32 1.35 µs 

Clock Pulse Widtn High spyy 220 O.7tCV 120 tCY'90 ns 

DIOCk POlse W~dtn low toyy 90 ns 

Gock Rise ana Fall Time sq,tp 0 50 5 20 ns 

Tz0 Delay Irom Falling Edge of TaC spT.y 1 1 us 

µPD8251 CL = 100 pf Rz Data Set-Up Time 10 Sampling Pulse tggy 2 2 µs 

R: Oasa Holtl Time so Sampling Pulse sHgy 2 2 µs 

Transm~tser Inpvt Clock Frequency 
1%Baud Rate 
16X Bautl Rate 
64X eaua Rate 

ITy 
DC 56 64 kHx 
OC 520 310 kMx 
DC 520 615 kMz 

T nrtter Input Clack Pu ne W~tltn ra
1X Bautl Rate 
16X and 64X Baud Rate 

tTpyy 
12 12 tCy - 
1 1 toy 

Transmitter Input Clock Pulse Delay 
iX Baud Rate 
16X and 64X Baud Rate 

tTpD 
15 15 tfY 

3 3 toy ' 

pec er Input Clock Frequency 
i%Bautl Rate 
16% Baud Rate 
64X Baud Rate 

Iq y
DC 56 64 kHz 
DC 510 310 kqx 
DC 520 615 kHz 

Receive. Input Clock Pulse W~dm 
1%Bautl Rate 
16% and 64X Baud Pate 

tgpyy 
12 12 tfY 
1 7 sCY 

Receiver Input Clock Pulse Delay 
1%Baud Rate 
t6X antl 64%Baud Rate -' 

sRPD 
15 15 tfy 

3 3 tCy 

T:RDV Delay from Center o1 Data Bit t7y 16 8 tCy µPD8251. CL = SO pF 

RaRDV Delay Irom Center or Data Bil 

Internal SVNDET Delay f.om Center 
of Data Bit 

tqX

t 15 

10 

15 

24 

24 

~Cy 

tCV 

Eysernal 6YNOET Set-Up Tlme before 
Falling Etlge Of RvC , 

tE5 i6 16 sCy 

T.EMPTY Oelay from Center of Data Blt t7yE 16 20 sCy µPD8251: CL = 50 pF 

Con trot Delay from Rising Edge of 
WRITE ITaE, OTR, RTSI 

ty./C 16 8 sCY 

Control so READ Set~Up Trme IDSR, CTSI tOq 16 20 sCy 

Noses. Q1 AC timings measuretl at VOH = 1.0, VDL = 0.8, and witn loatl circuit of Figure 1. 

02 Thls recwery bme is for inibalixanon only, wn n MODE, SYNCt, SYNC2, COMMAND and first DATA BYTES are 

ritten into the USART. Subsequent writlnq Of bosh COMMAND antl DATA are only allowetl wean TaRDV = t. 

03 Tne TxC antl RaC Irequencies nave she following I~mitanons w,tn respect so DLK. 
For 1X Baud Rate, 17y or Iqy < 1/1301Cy1 
For 16X antl 64X Beud Rate. fTX ur Iqy < 1/14.5 sCyl 

Q Reset Pulse Witltn = 610y minimum.` 

2V 

Figure 1. 

51052 182511 
a205z 18257A1 

24K (8251 
6K 18251A1 

D
 O
U
T
P
U
T
 D
E
L
A
Y
 (
ns

) 

+20 

+10 

0 

10 

-20 

SPEC 

-100 -50 0 +50 +100 

~ CAPACITANCE IpFI 

Typical O Output 

Delay Versus O Capacitance (pF) 

AC CHARACTERISTICS 
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f.c P D8251 /8251 A 

TIMING WAVEFORM 
CLOCK 

TxC Iln MODEI 

TRC Iifix MODEI 

Tn DATA 

SYSTEM CLOCKINPUT 

TRANSMITTER CLOCK AND DATA 

Rn OATA 
iRx BAUD COUNTER STARTS REREI  

~/ START BIT 

IRPD—~ 
RxC Iln MODEI  1RPW —~` 

6 RxC PERIODS , 

RvC 116 MODEI 

TNT SAMPLING 
PULSE 

DATA BIT  '=. Bl 

-+ T«-16 RwC PERIOD$ Il6x MODEI 116x MODEI 

—.-~~.— 3icv 

/sax 

Tx RDV 

WR 

DATA IN ID. B.1 

C/D 

CS 

---1r1Rx ----

RECEIVER CLOCK AND DATA 

1 
ITx RDV CLEAR 

DON'T CARE 
1DW ~  

1WD DON'T CARE 
  DATA STABLE  

  lAW 1WA 

I AW ~ f 

WRITE DATA CYCLE (PROCESSOR —>• USART) 

Rx RDV 

RD 

DATA OUT (D B.1 

D,6 

DATA FLOAT 

IRw RDV CLEAR 
1RR —~Ir 

 ~r 
1RD 

  DATA OUT ACTIVE 

1 

~. 1DF 
DATA FLOAT 

A 

1AR IRA 

READ DATA CYCLE (PROCESSOR F USART) 
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TIMING WAVEFORM 
DTR, RTS ) (CONY. 

~twc —~ 
WR 

tWW 

DATA k
r tDW ~tWD 

IN ID.B.1 } 

tWA tAW 

C/6 

tAW A 
CS 

i 
/
tW 

f 

WRITE CONTROL OR OUTPUT PORT CYCLE 

(PROCESSOR -* USART) 

DSR, CTS 

tCR~I tRRRD 

DATA OUT 
-~ tDF 

¢
~tRO 

10.8.1 
to 

L 

~tRAI~ 

C/b 

—... ~tA t R q 

READ CONTROL OR INPUT PORT CYCLE 
(PROCESSOR ~ USART) 

NOTES. J TWC Inclueer rye resoonu uminq o a cunr.o pyre. 

O TDR InclutlM rM gifgct of CTS on tM Ta ENBL circuitry 

Tx EMPTY 

Tx READY 
~ ~~~~ ISTATUS BITI 

Tx READY 

Wr DATA 
(PINT 

1 Wr DATA Z 

~ —~ 

Wr DATA 3 Wr DATA q 

C/D 

WR 

--- ~ 
Wr TxEn SBRK 

Tx DATA 
~~~ 1111/111 ~~ I/11~ 11111//I 11111111 

DATA CHAR t DATA CHAR Z DATA CHAR 3 

EXAMPLE FORMAT= 7 BIT CHARACTER WITH PARITY ANO 2 STOP BITS 

e u+~ 
DATA CHARC 

~a 
aQ 
o 

TRANSMITTER CONTROL AND FLAG TIMING 
(ASYNC MODE) 

r 

0 
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TIMING WAVEFORM 
(CONY.) 

BREAK DETECT 
1yPDR251A1 

OVERRUN ERROR 

(STATUS 8171 

Rz RDV 

F~ tRz RDY 

C/D J ~ 

~A 
Wr RKEn I 

~~ 

Rz DATq 

µP D825118251 Q 

/  ~_ 

~ on- i]. 
E.AP 

 ,ryiDs* 

~~
'IR'tl ,,DATA 

~R R ~Rst Wr RzEn i V i Wr RzEn 

DATA CHAR DATA CHAR 2 DATA CHAR 3 

EXAMPLE FORMAT = I BIT CHARACTER V.'ITh'. PARITY qND 2STOP BITS. 

z~s 

Tx EMPTY 

Tx READY 
ISTATus em 

T. READv 
IPINI 

C'S 

WR 

Tx DATA 

~~ 
svrvoer 

SYNDET IS 81 

OVERRUN 
EPROP 15.91 

Rx ROY ;PINT 

o—rNneHsm 

~ r BREAK r• ~ 
O0 m m m 
s- F
~ _O 
ra 
No Q~ 

RECEIVER CONTROL AND FLAG TIMING 
(ASYNC MODEI 

ETC 
4R PAR P4R PAR PAR AR $PACING PAP PAR 

CHApt 
DATA SYNC $VNC DATA DATA STATE 

CHAP 2 CHAR I CHAR 1 CHAR 3 CHAR 4MARKING MARKING DATA SYNC 
STATE STATE CHAR5 CHAR 

E%AMPLE FORMAT • 5 BIT CHARACTER WITH PARITY AND 2 $VNC CHARACTERS 

TRANSMITTER CONTROL AND FLAG TIMING 
(SYNC MODE) 

C D J 
EH~ 

Px Ems' 

R. DATA 

. CLOCK 

111/ 
°^„ rl~nx ~.. I~~..~N. 

L Ex1T HUNT MODE 
SFT SYNC DET 

s' 

'~~~I 1■II 
~~~~~ ~ 

ETC

/~i / 1 1 / // 1 1 i / • 1 / 

xr~ . 
♦,• I 

Rtl DA 

%Ii HUNT MODE SET SYNDET STATUS BITI 
SET SYNDET 15TAT VS 9171 

RECEIVER CONTROL AND FLAG TIMING 
(SYNC MODE) 

Notes: Q Interrul sync, 2 sync charxrers, 5 bits, with panty. 

~ 1 External sync, 5 bin, with parity. 



N,PD825118251A 

PIN 
FUNCTION 

I
NO. SYMBOL NAME 

1, 2, 
27, 2g 
5 — g 

D7 — Dp Data Bus Buffer An 8-bit, 3-state bi-directional buffer used to 
interface the USART to the processor data 
bus. Data is transmitted or received by the 
buffer in response to input/output or Read/ 
Write instructions from the processor. The 
Data Bus Buffer also transfers Control words, 
Command words, and Status. 

26 VCC VCC Supply Voltage +5 volt supply 

4 GND Ground Ground 

Read/Write Control Logic 

This logic blocl; accepts inputs from the pro-
cessor Control Bus and generates control signals 
for overall USART operation. The Mode 
Instruction and Command Instruction registers 
that store the control formats for device func-
tional definition are located in the Read/ 
Write Control logic. 

21 RESET Reset A "one" on this input forces the USART into the 
"Idle" mode where it will remain until reinitial-
ized with a new set of control words. Minimum 
RESET pulse width is 6 tCy. 

20 CLK Clock Pulse The CLK input provides for internal device tim-
ing and is usually connected to the Phase 2 ITTL) 
output of the µP68224 Clock Generator. 
External inputs and outputs are not referenced 
to CLK, but the CLK frequency must be at 
least 30 times the Receiver or Transmitter 
clocks in the synchronous mode and 4.5 
times for the asynchronous mode. 

10 WR Write Data A "zero"' on this input instructs the USART 
to accept the data or control word which 
the processor is writing out on the 
data bus. 

13 RD Read Data A "zero" on this input instructs the USART 
to place the data or status information 
onto the Data Bus for the processor to 
read. 

12 C/D Control/Data The Control/Data input, in conjunction with the 
WR and RD inputs, informs the USART to 
accept or provide either a data character, 
control word or status information via the 
Data Bus. 0 =Data; 1 =Control. 

11 CS Chip Select A "zero" on this input enables the USART to 
read from Or write to the processor. 

Modem Control 
The µPD8251 and µPD8251 A have a set of 
control inputs and outputs which may be used to 
simplify the interface to a Modem. 

22 DSR Data Set Ready The Data Set Ready input can be tested by the 
processor via Status information. The DSR input 
is normally used to test Modem Data Set Ready 
condition. 

24 DTR Data Terminal Ready The Data Terminal Ready output can be con-
trolled via the Command word. The DTR output 
is normally used to drive Modem Data Terminal 
Ready or Rate Select lines. 

23 RTS Request to Send The Request to Send output can be controlled 
via the Command word. The RTS output is 
normally used to drive the Modem Request to 
Send line. 

i 7 CTS Clear to Send A "zero"" on the Clear to Send input enables the 
USART to transmit sepal data if the TxEN bit in 
the Command Instruction register is enabled 
(onel. 

PiN IDENTIFICATInN 
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TRANSMIT BUFFER 

PIN IDENTIFICATION 
(CONT.1 

The Transmit Buffer receives parallel data from the Data Bus Buffer via the internal 

data bus, converts parallel to serial data, inserts the necessary characters or bits needed 

for the programmed communication format and outputs composite serial data on the 

TxD pin. 

PIN 
FUNCTION 

NO. ~ SVMBOL I NAME 

Transmit Control Logic 
The Transmit Control Logic accepts and outputs 
all external and internal signals necessary for 
serial data transmission. 

15 TxRDV Transmitter Ready Transmitter Ready signals the processor that the 
transmitter is ready to accept a data character. 
TxRDV can be used as an interrupt or may be 
tested through the Status information for polled 
operation. Loadingacharacter from the processor 
automatically resets TxRDY, on the leading edge. 

18 TxE Transmitter Empty The Transmitter Empty output signals the 
processor that [he USART has no further char-
acters to transmit. TxE is automatically reset 
upon receiving a data character from the pro-
cessor. In halt-duplex, TxE can be used to signal 
end of a transmission and request the processor 
to "turn the line around." The Tx En bit in the 
command instruction does not effect TxE. 
fn the Synchronous mode, a "one" on this out-
put indicates that a Sync character or charac-
ters are about to be automatically transmitted 
as "tillers" because the next data character has 
not been loaded. 

9 TxC Transmitter Clock The Transmitter Clock controls the serial charac-
ter transmission rate. In the Asynchronous 
mode, the TxC frequency is a multiple of the 
actual Baud Rate. Two bits of the Mode Instruc-
tion select the multiple to be 1x, 16x, or fi4x 
the Baud Rate. In the Synchronous mode, the 
xT C frequency is automatically selected to 
equal the actual Baud Rate. 
Note that for both Synchronous and Asynchro-
nous modes, serial data is shifted out of the 
USART by the falling edge of TxC. 

19 TxD Transmitter Data The Transmi[ Control Logic outputs the 
composite serial data stream on this pin. 

µPD8251 AND µPD8251A y 
INTERFACE TO 8080  

STANDARD SYSTEM BUS  

ADDRESS BUS 

Ao

CONTROL BUS 

I/O R I/O W RESET 
c~2 

ITTLI 

d

DATA BUS 

R 

v o 
CD CS D7 — Dp RD WR RESET CLK 

pPD8251/8251A 

S
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µPD825118251 A 
The Receive Buffer accepts serial data input at the RxD pin and converts the data 
from serial to parallel format. Bits or characters required for the specific communica-
tion technique in use are checked and then an eight-bit "assembled" character is 

readied for the processor. For communication techniques which require less than 

eight bits, the µPD8251 and µPD8251 A set the extra bits to "zero." 

PIN 
FUNCTION 

NO.' SVMBOL ~ NAME 

Receiver Control Logic 
This block manages all activities related to 
mcom~ng data. - ~~ 

14 RxRDY Receiver Ready The Receiver Ready output indicates that the 
Receiver Buffer is ready with an "assembled" 
character for input to the processor. For Polled 
operation, the processor can check RxRDY 
using a Status Read or RxRDY can be con-
nected to the processor interruptsiructure. 

Note that reading the character to the pro-
cessor automatically resets RxRDV. 

25 RxC Receiver Clock 

- 

The Receiver Clock determines the rate at which 
the incoming character is received. In the Asyn-
ch ronous mode, the RxC frequency may be 1.16 
or 64 times the actual Baud Rate but in the Syn-
chronous mode the RxC frequency must equal 
the Baud Rate. Two bits in the mode instruction 
select Asynchronous at 1 x, 16x or 64x or Syn-
chronous operation at tx the Baud Rate. 

Unlike TxC, data is sampled by the µPD8251 and 
µPD8251 A on the rising edge of RxC. Q1

3 RxD Receiver Data A composite serial data stream is received by 
the Receiver Control Logic on this pin. 

16 SVNDET 
(µPD8251) 

Sync Detect The SYNC Detect pin is only used in the 
Synchronous mode. The µPD8251 may be pro- 
grammed through the Mode Instruction to 
operate in either the internal or external Sync 
mode and SVNDET then functions as an output 
or input respectively. In the internal Sync mode, 
the SVNDET output will go to a "one'" when 
the µPD8251 has located the SYNC character 
in the Receive mode. If double SYNC 
character (bi-sync) operation has been pro- 
grammed, SVNDET will go to "one" in the 
middle of the last bit of the second SYNC 
character. SVNDET is automatically reset to 
"zero" upon a Status Read or RESET. In the 
external SYNC mode, a "zero" to "one'" transi-
tion on the SVNDET input will cause the 
µPD8251 to start assembling data character 
on the next falling edge of Rz(,. The length of 
the SVNDET input should be at least one RxC 
period, but may be removed once the 
µPD8251 is ih SYNC. 

16 SVNDET/BD 
(µPD8251A) 

Sync Detect/ 
Break Detect 

The SY p1DET/BD pin is used in both Synchron-
ous and Asynchronous modes. When in SYNC 
mode the features for the SVNDET pin 
described above apply. When in Asynchron-
ous mode, the Break Detect output will go 
high when an al l zero word of the programmed 
length is received. This word consists of: start 
bit, data bit, parity bit and one stop bit. Reset 
only occurs when Rx data returns to a logic 
one state or upon chip reset. The state of 
Break Detect can be read as a status bit. 

Note: (~ Since the µPD8251 and µPD8251A will frequently be handling both the reception and 

transmission for a given link, the Receive and Transmit Baud Rates will be same. RxC 

and TxC then require the same frequency and may be tied together and connected to 

a single clock source or Baud Rate Generator. 

Examples: If the Baud Rate equals 110 (Asyncl: If the Baud Rate equals 300: 

RxC or TxC equals 110 Hz 11x1 
RxC or TxC equals 1.76 KHz (16x) 
~x or Tx equals 7.04 KHz (64x) 

RECEIVE BUFFER 

PIN IDENTIFICATION 
(CONY.) 

RxC or TxC equals 300 Hz 11 z1 A or S 
RxC or TxC equals 4800 Hz (16x) A only 
RxC or TxC equals 19.2 KHz (64x) A only 
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OPERATIONAL 
DESCRIPTION 

µ P D8251 /8251 A 

A set of control words must be sent to the µPD8251 and µPD8251 A to define the 
desired mode and communications format. The control words will specify the BAUD 
rate factor (lx, 16x, 64x1, character length (5 to 81, number of STOP bits (1, 1-1 /2, 
21 Asynchronous or Synchronous mode, SYNDET (IN or OUTI, parity, etc. 

After receiving the control words, the µPD8251 and µPD8251A are ready to commun-
icate. TxRDY is raised to signal the processor that the USART is ready to receive a 
character for transmission. When the processor writes a character to the USART, 
TxRDY is automatically reset. 

Concurrently, the µPD8251 and µPD8251A may receive serial data; and after 
receiving an entire character, the RxRDY output is raised to indicate a completed 
character is ready for the processor. The processor fetch will automatically reset 
RxRDY. 

Note: The µPD8251 and µPD8251A may provide faulty RxRDY for the first read 
after power-on or for the first read after receive is re-enabled by a command 
instruction (RxE). A dummy read is recommended to clear faulty RxRDY. 
But this is not the case for the first read after hardware or software reset 
after the device operation has once been established. 

The µPD8251 and µPD8251A cannot transmit until the TxEN (Transmitter 
Enable) bit has been set by a Command Instruction and until the CTS (Clear 
to Send) input is a "zero". TxD is held in the "marking" state after Reset 
awaiting new control words. 

USART PROGRAMMING The USART must be loaded with a group of two to four control words provided by 
the processor before data reception and transmission can begin. A RESET (internal or 

external) must immediately proceed the control words which are used to program the 
complete operational description of the communications interface. If an external 
RESET is not available, three successive 00 Hex or two successive 80 Hex command 
instructions (C/D = 1) followed by a software reset command instruction (40 Hex) 
can be used to initialize the µPD8251 and µPD8251A. 

There are two control word formats: 

1. Mode Instruction 

2. Command Instruction 

MODE INSTRUCTION This control word specifies the general characteristics of the interface regarding the 
Synchronous or Asynchronous mode, BAUD rate factor, character length, parity, and 
number of stop bits. Once the Mode Instruction has been received, SYNC characters 
or Command Instructions may be inserted depending on the Mode Instruction content. 

COMMAND INSTRUCTION This control word will be interpreted as a SYNC character definition if immediately 
preceded by a Mode Instruction which specified a Synchronous format. After the 
SYNC characters) are specified or after an Asynchronous Mode Instruction, all sub-

sequent control words will be interpreted as an update to the Command Instruction. 

Command Instruction updates may occur at any time during the data block. To 
modify the Mode Instruction, a bit may be set in the Command Instruction which 
causes an internal Reset which allows a new Mode Instruction to be accepted. 
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µ PD8251 /8251 A 

CiD=1 

C!D=1 

CiD - 1 

CiD ' 1 

C!D=0 

MODE INSTRUCTION 

SYNC CHARACTER 1 

SVNC CHARACTER 2 

COMMAND INSTRUCTION 

C/D ` 1 

r DATA r 

COMMAND INSTRUCTION 

C!D 0 r' DATA '~ 

C /D = 1 COMMAND INSTRUCTION 

SYNC MODE 
ONLY 

NOTE O7 The second SYNC character is skipped if MODE instruction has pro-
grammed the µPD8251 and µPD8251A to single character Internal 
SYNC Mode. Both SYNC characters are skipped if MODE 
Instruction has programmed the µPD8251 and µPD8251A to ASVNC 
mode. 

The µPD8251 and µPD8251A can operate in either Asynchronous or Synchronous 

communication modes. Understanding how the Mode Instruction controls the 

functional operation of the USART is easiest when the device is considered to be two 

separate components lone asynchronous and the other synchronous) which share the 

same support circuits and package. Although the format definition can be changed at 
will or "on the fly", the two modes will be explained separately for clarity. 

When a data character is written into the µPD8251 and µPD8251A, the USART 
automatically adds a START bit (tow level or "space") and the number of STOP bits 
(high level or "mark"I specified by the Mode Instruction. If Parity has been enabled, 
an odd or even Parity bit is inserted just before the STOP bit(s), as specified by the 
Mode Instruction. Then, depending on CTS and TxEN, the character may be trans-
mitted as a serial data stream at the TxD output. Data is shifted out by the fall ing 

edge of TxC at TxC, TxC/16 or TxC/64, as defined by the Mode Instruction. 

If no data characters have been loaded into the µPD8251 and µPD8251A, or if all 
available characters have been transmitted, the TxD output remains "high" (marking) 
in preparation for sending the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (continuously low) by setting the cor-
rect bit in the Command Instruction. 

The RxD input line is normally held "high" (marking) by the transmitting device. 
A falling edge at RxD signals the possible beginning of a START bit and a new 
character. The START bit is checked by testing fora "low" at its nominal center 

as specified by the BgUD RATE. If a "low" is detected again, it is considered valid, 
and the bit assembling counter starts counting. The bit counter locates the approxi-

mate center of the data, parity (if specifiedl, and STOP bits. The parity error flag (PEI 
is set, if a parity error occurs. Input bits are sampled at the RxD pin with the rising 
edge of RxC. If a high is not detected for the STOP bit, which normally signals the end 
of an input character, a framing error (FE) will be set. After a valid STOP bit, the input 
character is loaded into the parallel Data Bus Buffer of the µPD8251 and µPD8251A 
and the RxRDY signal is raised to indicate to the processor that a character is ready to 
be fetched. If the processor has failed to fetch the previous character, the new charac-
ter replaces the old and the overrun flag (OE) is set. All the error flags can be reset 
by setting a bit in the Command Instruction. Error flag conditions will not stop sub-
sequent USART operation. 

TYPICAL DATA BLOCK 

MODE INSTRUCTION 
DEFINITION 

ASYNCHRONOUS 
TRANSMISSION 

ASYNCHRONOUS 
RECEIVE 
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µPD825118251 A 
D~ D6 D5 D4 D3 D2 pt DO 

S2 S~ EP PEN L2 ll B2 B I

BA UO RATE FACTOR 

0 1 0 1 

0 0 7 1 

SYNC 
MODE I1 XI 116X1 164X1 

CHARACTER LENGTH 

•0 0 i 7 

0 0 t 1 

5 6 7 8 
BITS BITS BITS BITS 

  PA RITV ENABLE 
~ i ENABLE 0 DISABLE 

  EVEN PARITY GENERATION/CHECK 
1 EVEN O ODD 

Tx0 MARKING 

RxD 

START 
61T 

START 
BIT 

NUMBER OF STOP BITS 

1 1 0 0 

0 D 1 1 

INVALID IBIT ~ BITS F31 TS 

DO D~ D2 

~ ~ is ~
DATA BITS 

 s { 

PARITY 
81T 

TRANSMITTER OUTPUT 
Dp DI D2 

 f 
DATA BITS 

RECEIVER INPUT 

PROCESSOR BYTE 15-8 BITS/CHART 

DATA CHARACTER 

ASSE MBLED SERIAL DATA OUTPUT ITxDI 

$TART 
BIT 

 ~f 

DATA CHARACTER 

START I 
BIT 

PARITY 
BIT 

TRANSMISSION FORMAT 

SERIAL DATA IN PUT IRx D) 
 (1 

DATA CHARACTER 

PROCESSOR BYTE ISS BITSlCHAR) OO 

PARITY 
BIT 

DATA CHARACTER 

 {{ 

RECEIVE FORMAT 

Notes: 0  Generated by PPD8251 /8251 A 

8 

Does not appear on the Data Buz. 
3 It character length is det~ned as 5, 6, or 7 bits, the 

unused bits are set to "zero." 

ST O~BITS 

f 
STOP 
BITS 
 f 
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µ,P D825118251 A 

As in Asynchronous transmission, the TxD output remains "high" (marking) 
until the µPD8251 and µPD8251A receive the first character (usually a SYNC 

character) from the processor. After a Command Instruction has set TxEN and 

after Clear to Send (CTS) goes low, the first character is serially transmitted. 
Data is shitted out on the falling edge of TxC and the same rate as TxC. 

Once transmission has started, Synchronous Mode format requires that the serial data 
stream at TxD continue at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor before the µPD8251 and µPD8251A Transmit 
Buffer becomes empty, the SYNC characters) loaded directly following the Mode 
Instruction will be automatically inserted in the TxD data stream. The SYNC 
characterlsl are inserted to fill the line and maintain synchronization until new data 
characters are available for transmission. If the µPD8251 and µPD8251A become 
empty, and must send the SYNC character(sl, the TxEMPTY output is raised to signal 
the processor that the Transmitter Buffer is empty and SYNC characters are being 
transmitted. TxEMPTY is automatically reset by the next character from the processor. 

In Synchronous Receive, character synchronization can be either external or internal . 
If the internal SYNC mode has been selected, and the Enter HUNT IEHI bit 
has been set by a Command Instruction, the receiver goes into the HUNT mode. 

Incoming data on the RxD input is sampled on the rising edge of RxC, and the 
Receive Buffer is compared with the first SYNC character after each bit has been 
loaded until a match is found. If two SYNC characters have been programmed, the 
next received character is also compared. When the SYNC characterls) programmed 
have been detected, the µPD8251 and µPD8251A leave the HUNT mode and are in char- 
aster synchronization. At this time, the SYNDET (output) is set high. SYNDET is 
automatically reset by a STATUS READ. 

If external SYNC has been specified in the Mode Instruction, a "one" applied 
to the SYNDET (input) for at least one RxC cycle will synchronize the USART. 

Parity and Overrun Errors are treated the same in the Synchronous as in the 
Asynchronous Mode. If not in HUNT, parity will continue to be checked even 
if the receiver is not enabled. Framing errors do not apply in the Synchronous 
format. 

The processor may command the receiver to enter the HUNT mode with a Command 
Instruction which sets Enter HUNT IEHI if synchronization is lost. 

Dv DO Oy Od Dg D; U I DO

S~5 ESD Ev PEN L 

~.~~R.;rt _r; LEtiG H 
I 

o u t t 

S e ~ B 
e~Ts nrts al rs arcs 

FARIiv ENABLE 
l ENAB LEI 

~.0 DISA BLEI 

EVEN FARITv GE NER4TiONCHE CK 
t EVEN 
0 ODD 

E %TERNAL SYNC DETECT 
SVNUET IS AN INGUT 

0 SYNDET IS AN OUTGVT 

SINGLE CHARACTER SYNC 
1 SINGE E SYNC CHARACTER 
0 DUU9LE SYNC CHARACTER 

SYNCHRONOUS 

TRANSMISSION 

SYNCHRONOUS 
RECEIVE 

MODE INSTRUCTION 
FORMAT 

SYNCHRONOUS MODE 
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N. P 08251 /8251 A 

TRANSMIT/RECEIVE 
FORMAT 

SYNCHRONOUS MODE 

COMMAND INSTRUCTION 
FORMAT 

STATUS READ FORMAT 

PARITY ERROR 

PROCESSOR BV7E51S-8 BITS CRAR~ 

 ff 

DATa crinaacTERs 

A SSE~.IRL ED SERIAL DATA OUTPUT IT~UI 

ti~ti(: 
c N .u; [ 

SYNC 
CHAR .' 

f 
DATA CRARAC iE RC 

TRANSMIT FORMAT 

SERIAL DATA INPUT IR.DI 

 { f 

SVNC 
CHAR 1 

SYNC 
CHAR 

t 
DATA CHARACTERS 

 S 
PROCESSOR BYTES i5.8 8175 CHAR 

 i! 
DATA CHAR AC TER$ 

 f{ 

RECEIVE FORMAT 

Nole Ql U cnarecte~ le~~pn s tlel ined as 5. 6 0~ 7 b~ts, mr u~~~n•ci 
bns a.r set co "repo-- ' 

After the functional definition of the µP08251 and µPD8251A has been specified by 
the Mode Instruction and the SYNC characterls) have been entered (if in SYNC model, 
the USART is ready to receive Command Instructions and begin communication. A 
Command Instruction is used to control the specific operation of the format selected 
by the Mode Instruction. Enable Transmit, Enable Receive, Error Reset and Modem 
Controls are controlled by the Command Instruction. 

After the Mode Instruction and the SYNC characterls) (as needed) are loaded, all 

subsequent "control writes" IC/D = 11 will load or overwrite the Command Instruction 

register. A Reset operation (internal via CMD IR or external via the RESET input) 

will cause the µP08251 and µPD8251A to interpret the next "control write", which 

must immediately follow the reset, as a Mode Instruction. 

It is frequently necessary for the processor to examine the status of an active 
interface device to deterrpine if errors have occurred or if there are other conditions 
which require a response from the processor. The µP08251 and µPD8251A have 
features which allow the processor to read the device status at any time. A data fetch 
is issued by the processor while holding the C/D input "high" to obtain device Status 
Information. Many of the bits in the status register are copies of external pins. This 
dual status arrangement allows the µP08251 and µPD8251A to be used in both Polled 
and interrupt driven environments. Status update can have a maximum delay of 16 
clock periods in the µP08251 and 28 clock periods in the µPD8251A. 

When a parity error is detected, the PE flag is set. It is cleared by setting the 
ER bit in a subsequent Command Instruction. PE being set does not inhibit USART 
operation. 

OVERRUN ERR 0 R If the processor fails to read a data character before the one following is available, 
the OE flag is set. It is cleared by setting the ER bit in a subsequent Command 
Instruction. Although OE being set does not inhibit USART operation, the 
previously received character is overwritten and lost. 

FRAMING ERROR ~ If a valid STOP bit is not detected at the end of a character, the FE tlag is set. It 

is cleared by setting the ER bit in a subsequent Command Instruction. FE being set 

does not inhibit USART operation. 

Note: 01  ASYNC mode only. 
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D~ D5 D5 Dd D3 D2 D1 DO 

COMMAND INSTRUCTION 
FORMAT 

STATUS READ FORMAT 

598 

EH IR RTS ER SBRK R.E DTR T.EN 

-~ 
TRANSMIT ENABLE 
1 =enable 
0 = tlrsable 

DATA TERMINAL 

READY 
"high" will force OTR 
Output to tero 

RECEIVE ENABLE 
1 - noble 
0 =disable 

SEND BREAK 
CHARACTER 

1 =forces TxD "'low"' 
0 =normal operation 

ERROR RESET 
1 set all error flags 

PE, OE, FE 

REQUEST TO SEND 
"high" will force RTS 
output to zero 

INTERNAL RESET 

"high" returns USART to 
Motle Insuuchon Format 

D6

ENTER HUNT MADE 
1 = noble search for $Vnc 
Chaeacters Ot 

DSR 
SVNDET 

/BD 
FE of TxE RxRDV TzRDV 

SAME DEFINITIONS AS I/O PINS 

PARITY ERROR 
The PE Ilag d set when a parity 
error is detected. It n reset by 
the ER bit of she Command 
Instruction. PE does not inhibit 
operation of the yPD625/ antl 
NPD8251A. 

OVERR VN ERROR 
The OE Ilag is set when the CPU 
tloes nol read a character before 
the neat one becomes available. 
It is reset by me ER bit of the 
Command Instruction. OE does 
not mhrbd pperatrOn of the pPD8251 
aM PPD8251 A; Dut, the Dre-
v~ous y ove un Character is lost. 

FRAMING ERROR (Async onlyl 
The FE flag ii set when a valitl 
$top bit is no+ detected at the 
end of every Character. It is reset 
by the ER bit of the Cpmmantl 
Instruction. FE does not inhibit 
the operation of the pPD8251 antl 
yPD8251 A. 

Notes: 01 No elfect in ASVNC mode. 

© T.RDV xtituf Dit is npt totally epui talent to the TxRDV Output pin. the relati0afhrp 

is of fpllOwf~ 

TxRDV status Dit = DB Buffer Empty 

TxRDV Ipin 151 = DB Buffer Empty •CTS • TvEn 
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APPLICATION OF THE µPD8251 
AND µPD8251A 

AD DRESS BuS 

CONTROL BUS 

DATA BUS 

R D 

yPD T D  
Bi51~ 
B i51A R.0 

T.0  

 I EIA TO TTL 
I CON VERTER 

IOPTIONA LI 

RA UO RATE 
GENERATOR 

CRT 
TER MIN 4L 

ASYNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL, 
DC to 9600 BAUD 

A DDRESS BUS 

CONTR OL BUS 

DATA BUS 

yPD 
8I51i 

fl 1514 

R D 

T D 

DSR 

DTR 

Ci  55

qTS 

R.0 

T.0 

'ANC 
MODEM 

1 

BAUD 
RATE 

GENERATOR 

PRONE 
t INE 

INTER 
FACE 

TELEPHONE 
LINE 

ASYNCHRONOUSINTERFACETO TEIEPHONELINES 

A DDRESS BUS 

CONT ROL BUS 

DATA BUS 

APD 
8751/ 
8751A 

R 0 

i.D 

RvC 

T.0 

SV NDET 

SYNCHRONOUS 
TERMINAL 

OR PE RIPHERAL 
DEVICE 

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 

A DDRESS BUS ti

C ONTROL BUS 

1 DATA BUS 

R D 

T O 
PPD 
875t R C 

PHONE 
LINE 

8751A T C 
SYNC 

INTER 
f ACE 

SYNDET MODEM 

CTS D~-

RTS ~~ 

DSR Df~ 
DTR ~~ 

TELEPHONE 
LINE 

SVNCHRONOUSINTERFACETO TELEPHONELINES 
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'"  - _- ~-~ 

+- -- u -' ---~ t' 1--- t j i ~-_ _ _--._-.~,.t- 
~ I 

6 F +{ ~ ~ C FF -~-~ i.. D G 
E    - ~.I 

K 

- --- L - - 

Plastic 

~ ~ 

0° -15°

ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX, 

B 2.49 0.098 

C 2.54 0.10 

0 0.5:0.1 0.02 ~ 0.004 

E 33.02 t 3 

F 1 5 0.059 

G 2.54 MIN. 0.10 MIN. 

H 0.5 MIN. 0.02 MIN. 

I 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 - 0.6 

L t3.2 0.52 

~ 
OJO ~ 0.004 M 0.25 
0.05 

O.Ot 
0.002 

Ceramic 

ITEM. MILLIMETERS INCHES 

A 51.5 MAX. 2.03 MAX. 
6 1.62 MAX. 0.06 MAX. 
C 2.54 ~ 0.1 0.1 x 0.004 
D 0.5 z 0.1 0.02 x 0.004 
E 48.26 ~ 0.1 1.9.0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13 MIN. 
H 1.0 MIN. 0.04 MIN. 
I 3.5 MAX. 0.14 MAX. 
J 4.5 MAX. 0.18 MAX. 
K 15.24 TYP. 0.6 TYP. 
L 14.93 TYP. 0.59 TYP. 
M 0.25 ~ 0.05 0.01 s 0.0019 

PACKAGE OUTLINES 
µPD8251C 

µPD8251AC 

µPD8251D 
µPD8251 AD 
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NEC Microcomputers, Inc. 

PROGRAMMABLE INTERVAL TIMER 

NEC 
µPD8253 
µPD8253.5 

DESCRIPTION The NEC µPD8253-5 contains three independent, programmable, multi-modal 16-bit 
counter/timers. It is designed as a general purpose device, fully compatible with the 
8080 family. The µPD8253-5 interfaces directly to the busses of the processor as an 
array of I/O ports. 

The µPD8253-5 can generate accurate time delays under the control of system software. 
The three independent 16-bit counters can be clocked at rates from DC to 4 MHz. 
The system software controls the loading and starting of the counters to provide 
accurate multiple time delays. The counter output flags the processor at the comple-
tion of the time-out cycles. 

System overhead is greatly improved by relieving the software from the maintenance 
of timing loops. Some other common uses for the µPD8253-5 in microprocessor based 
systems are: 

• Programmable Baud Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

• NEC Now Supplies µPD8253-5 to all µPD8253 Requirements 

FEATURES Three Independent 16-Bit Counters 

• Clock Rate: DC to 4 MHz 

• Count Binary or BCD 

• Single +5 Volt Supply, ±10% 

• 24 Dual-In-Line Plastic Package 

PIN CONFIGURATION 
D~ 

Dg 

D5 

Dq 

D3 

D2 

Dt 

DO 

CLK 0 

OUT 0 

GATE 0 

GND 

24 

23 

22 

21 

20 

µPD t9 

8253-5 is 

77 

16 

t5 

14 

13 

ACC 

WR 

RD 

CS 

At

AO 

CLK 2 

OUT 2 

GATE 2 

CLK 1 

GATE1 

OUT1 

PIN NAMES 

D~-Dp Data Bus 18-Bill 

CLK N Counter Clock Inputs 

GATE N Counter Gate Inputs 

OUTN Counter Outputs 

RD Read Counter 

WR Write Command or Data 

CS Chip Select 

AO, At CounterSelect 

VCC +5 Volts 

GND Ground 

Rev/4 
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µPD8253-5 
Data Bus Buffer 

The 3-state, 8-bit, bi-directional Data Bus Buffer interfaces the µPD8253-5 to the 

8080AF/8085A microprocessor system. It will transmit or receive data in accordance 

with the INput or OUTput instructions executed by the processor. There are three 

basic functions of the Data Bus Buffer. 

1 . Program the modes of theµPD8253-5. 
2. Load the count registers. 
3. Read the count values. 

Read/Write Logic 
The Read/Write Logic controls the overall operation of the µPD8253-5 and is governed 

by inputs received from the processor system bus. 

Control Word Register 

Two bits from the address bus of the processor, AO and A~, select the Control Word 

Register when both are at a logic "1 " (active-high logic). When selected, the Control 

Word Register stores data from the Data Bus Buffer in a register. This data is then 

used to control: 

1. The operational MODE of the counters. 
2. The selection of BCD or Binary counting. 
3. The loading of the count registers. 

RD (Read) 
This active-low signal instructs the µPD8253-5 to transmit the selected counter value 

to the processor. 

WR (Write) 

This active-low signal instructs the µPD8253-5 to receive MODE information or 

counter input data from the processor. 

A1, AO 
The A~ and AO inputs are normally connected to the address bus of the processor. 
They control the one-of-three counter selection and address the control word register 
to select one of the six operational MODES. 

CS lChip Select) 

The µPD8253-5 is enabled when an active-low signal is applied to this input. Reading 

or writing from this device is inhibited when the chip is disabled. The counter opera-

tion, however, is not affected. 

Counters #0, #1, #2 

The three identical, 16-bit down counters are functionally independent allowing for 

separate MODE configuration and counting operation. They function as Binary or 

BCD counters with their gate, input and output line configuration determined by the 

operational MODE data stored in the Control Word Register. The system software 

overhead time can be reduced by allowing the control word to govern the loading of 

the count data. 

The programmer, with READ operations, has access to each counter's contents. The 
µPD8253-5 contains the commands and logic to read each counter's contents while 
still counting without disturbing its operation. 

The following is a table showing how the counters are manipulated by the input signals 

to the Read/Write Logic. 

602 

CS RD WR A~ Ap FUNCTION 

0 1 0 0 0 Load Counter No. 0 
0 1 0 0 1 Load Counter No. 1 

0 1 0 1 0 Load Counter No. 2 
0 1 0 1 1 Write Mode Word 
0 0 1 0 0 Read Counter No. 0 
0 0 1 0 1 Read Counter No. 1 

0 0 1 1 0 Read Counter No. 2 

0 0 1 1 1 No-Operation, 3-State 
1 X X X X Disable, 3-State 

0 1 1 X X No-Operation, 3-State 

FUNCTIONAL 
DESCRIPTION 



µPD8253-5 
BLOCK DIAGRAM 

Ap 

''CW 

ioR 

U ~ Dp 

R BITS 
DATA 
BUS 

BUFFER 

 ~(,' NR 

RD READ: 
WRITE 

q, LOGIC 

AO 

CS 

^~.. ~. 1i 
PROCESSOR aROCE SOR FROCESSC~R 
ADDR 55 CONTRUI- DATA 

BUS e'JS BUS 

CONTROL 
WORD 

REGISTER 

C~ C~ v0 J VT[R 
NO 0 

C'.O Cr 1 

G4TE0 

O UTp 

COl'NT ER 
NO i 

~^rx i 

OUT' 

G LOC 

COUNTER GATF2 
NO < - 

OUT 2 

L µPD8253-5  ~ 

ABSOLUTE MAXIMUM Operating Temperature   0"C to+70°C 
RATINGS' Storage Temperature   -65°C to+125°~C 

Voltage on Any Pin   - 0.5 to +7 Volts',J 

Note: (I) With respect to ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
realiability. 

`Ta = 25°C 

DCCHARACTERISTICS Ta =O°cm+~o°c; v~~=+sv~lor 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TVP MAX 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIL.{ 2.0 VCC+0.5 V 

Output Low Voltage VOL 0.45 V IOL = 22 mA 

Output High Voltage VOH 2.4 V IOH = ~-400 µA 

Input Load Current IIL X10 µA VIN=VCCtoO V 

Output Float Leakage Current IOF L ' 10 uA VOUT ` VCC to 0 V 

VCC Supply Current ICC 140 mA 

CAPACITANCE Ta = 25°C; vc~ = GND = ov 

PARAMETER SVMBOL 

LIMITS 

UNIT TEST CONDITIONS MIN TVP MAX 

Input Capacitance CIN 10 pF fc = 1 MHz 

Unmeasured pins returned 
to VSS. 

Input/Output Capacitance Cl/O 20 pF 
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ftPD8253-5 
Ta = 0°C to +70°C; VCC =+SV z 10%; GN D = OV 

PARAMETER SYMBOL 

O LIMITS 

UNIT 
TEST 

CONDITIONS 
µPD8253 µPD8253~5 

MIN ITVP (MAX MIN ITVP'MAX 

READS.

Address Stable Before READ tqR 50 0 ns 

Address Holtl Time for 7 AD tqq 5 0 ns 

READ Pulse Width tRR 400 250 ns 

Data Delay irom~D tptp 300 77p ns CL - 150 pF 

ER AD [o Data Floating tpp 25 125 25 100 ns CL = 100 pF 

WRITE 

Address Stable Before WRITE tAvy 20 0 ns 

Address Hold Tlme for WRITE tyyq 20 0 ns 

WRITE Pulse Width tyyyy 400 250 ns 

Data Set Up Tlme for WRITE tpyy 200 150 ns 

Data Hold Tlme for WRITE tyyp 40 0 ns 

Recovery Time Between WRITES tRV 1 1 µs 

CLOCK AND GATE TIMING 

Clock Period tCLK 300 DC 250 DC ns 

High Pulse Width tpyyH 200 160 ns 

Low Pulse Wldih tpyyL 100 90 ns 

Gate Pulse Width Hlgh tGyy 150 150 ns 

Gate Set Up Tlme to Clock 7 tG8 100 100 ns 

Gate Hold Time After Clock t tGH 50 50 ns 

Low Gate Width tGL 100 100 ns 

Output Delay from Clock 1 tpp 300 300 ns CL = 100 pF 

Output Delay from Gate tODG 300 300 ns CL = 100 pF 

Notes: 01 AC Timing Measured at VpH = 2.2V; VpL = 0.8V. 

02 Data for comparison only, NEC supplies µPD8253-5 only. 

DATA EUS /// HIGH IMPEDANCE ///%THIGH IMPEDANCE 

CS 

DATA BUS 

WR 

READ TIMING 

SAW TWA 

.DW y 

WW 

WRITE TIMING 

AC CHARACTERISTICS 

TIMING WAVEFORMS 

604 
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µPD8253-5 

PROGRAMMING The programmer can select any of the six operational MODES for the counters using 

THE µPD8253-5 system software. Individual counter programming is accomplished by loading the 

CONTROL WORD REGISTE~th the appropriate control word data IAp, Al = 11). 

CONTROL WORD FORMAT 

D~ Dg D5 Dq D;; Dp D1 DO 

SC1 SCO R L1 R LO M2 M1 MO BCD 

SC —Select Counter 

SC1 SCO 

0 0 Select Counter 0 

0 1 Select Counter 1 

1 0 Select Counter 2 

1 1 Invalid 

R L —Read/Load 

RL1 RLO 

0 0 Counter Latching Operation 

1 0 Read/Load Most Significant Byte Only 

0 1 Read/Load Least Significant Byte Only 

1 1 Read/Load Least Significant Byte First, Then Most 

Significant Byte 

BCD 

0 Binary Counter, 16-Bits 

' 1 BCD Counter, 4-Decades 

M-Mode 

M2 M1 MO 

0 0 0 Mode 0 

0 0 1 Mode 1 

X 1 0 Mode 2 

X 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 Mode 5 
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Each of the three counters can be individually programmed with different operating 
MODES by appropriately formatted Control Words. The following is a summary of the 
MODE operations. 

Mode 0: Interrupt on Terminal Count 
The initial MODE set operation forces the OUTPUT low. When the specified counter is 
loaded with the count value, it will begin counting. The OUTPUT will remain low until. 
the terminal count sets it high. It will remain in the high state until the trailing edge of 
the second W R pulse loads in COUNT data. If data is loaded during the counting 
process, the first W RR stops the count. Counting starts with the new count data triggered 
by the falling clock edge after the second WR. If a GATE pulse is asserted while count-
ing, the count is terminated for the duration of GATE. The falling edge of CLK follow-
ingthe removal of GATE restarts countilt8 from the terminated point 

 P 

Mode 1: Programmable One-Shot 
The OUTPUT is set low by the falling edge of CLOCK following the trailing edge of 
GATE. The OUTPUT is set high again at the terminal count. The output pulse is not 
affected if new count data is loaded while the OUTPUT is low. The new data will be 
loaded on the rising edge of the next trigger pulse. The assertion of a trigger pulse 
while OUTPUT is low, resets and retriggers the One-Shot. The OUTPUT will remain 
low for the full count value after the rising edge of TRIGGER. 

 I 1 

Mode 2: Rate Generator 
The RATE GENERATOR is a variable modulus counter. The OUTPUT goes low for 
one full CLOCK period as shown in following timing diagram. The count data sets the 
time between OUTPUT pulses. If the count register is reloaded between output pulses 
the present period will not be affected. The subsequent period will reflect the new 
value. The OUTPUT will remain high for the duration of the asserted GATE input. 
Normal operation resumes on the falling CLOCK edge following the rising edge of 
GATE. 

i 

OPERATIONAL MODES ~ 

Note: O All internal counter events occur at the falling edge of the associated clock in all modes of 
~s operation. 



µPD8253-5 
OPERATIONAL MODES 

(Cont.l 
O Mode 3: Square Wave Generator 

MODE 3 resembles MODE 2 except the OUTPUT will be high for half of the count and 
low for the other half (for even values of data). For odd values of count data the OUT-
PUTwill be high one clock c cle longer than when it is low (High Period -+~~-
clock cycles; Low Period ~ ~ clock periods, where N is the decimal value of count 
data). If the count register is reloaded with a new value during counting, the new value 
will be reflected immediately after the output transition of the current count. 

The OUTPUT will be held in the high state while GATE is asserted. Counting will start 
from the full count data after the GATE has been removed. 

Mode 4: Software Triggered Strobe 
The OUTPUT goes high when MODE 4 is set, and counting begins after the second 
byte of data has been loaded. When the terminal count is reached, the OUTPUT will 
pulse low for one clock period. Changes in count data are reflected in the OUTPUT as 
soon as the new data has been loaded into the count registers. During the loading of 
new data, the OUTPUT is held high and counting is inhibited. 

The OUTPUT is held high for the duration of GATE. The counters are reset and 
counting begins from the full data value after GATE is removed. 

I r 

Mode 5: Hardware Triggered Strobe 
Loading MODE 5 sets OUTPUT high. Counting begins when count data is loaded and 
GATE goes high. After terminal count is reached, the OUTPUT wi'I pulse low for one 
clock period. Subsequent trigger pulses will restart the counting se~;uence with the 
OUTPUT pulsing low an terminal count following the last rising ecge of the trigger 
input (Reference bottom half of timing diagram►. 
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µ PD8253-5 

Plastic 

ITEM MILIIMETEflS INCHES 

A 33 MAX 1.3 MA% 

B 2.53 0.1 

C 2.54 0.1 

D 0.5±0.1 0.02±0.004 

E 27.94 1.1 

F 1.5 0.059 

G 2.54 MIN 0.1 MIN 

H 0.5 MIN 0.02 MIN 

1 5.22 MAX 0.205 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.6 

L 13.2 0.52 

+0.10 +0.004 M 0.25 _0.05 0.01 _0.0019 

PACKAGE OUTLINE 
µPD8253C 
µPD8253-5C 
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NEC Microcomputers, Inc. 
NEC 

µPD8255 
µPD8255A•5 

PROGRAMMABLE PERIPHERAL INTERFACES 

DESCRIPTION The µPD8255 and µPD8255A-5 are general purpose programmable INPUT/OUTPUT 
devices designed for use with the 8080A/8085A microprocessors. Twenty-four (24) 
I/O lines may be programmed in two groups of twelve (group I and group III and used 
in three modes of operation. In the Basic mode, (MODE 0), each group of twelve I/O 
pins may be programmed in sets of 4 to be input or output. In the Strobed mode, 
(MODE 11, each group may be programmed to have 8 l ines of input or output. Three 
of the remaining four pins in each group are used for 1landshaking strobes and interrupt 
control signals. The Bidirectional Bus mode, (MODE 21, uses the 8 lines of Port A for 
a bidirectional bus, and five l ines from Port C for bus control signals. The µPD8255 
and µPD8255A-5 are packaged in 40 pin plastic dual-in-l ine packages. 

FEATURES • Fully Compatible with the 8080A!8085 Microprocessor Families 

• All Inputs and Outputs TTL Compatible 

• 24 Programmable I/O Pins 

• Direct Bit SET/RESET Eases Control Application Interfaces 

• 8 — 2 mA Darlington Drive Outputs for Printers and Displays (µPD8255) 

• 8 — 4 mA Darlington Drive Outputs for Printers and Displays (µPD8255A-51 

• LSI Drastically Reduces System Package Count 

• Standard 40 Pin Dual-In-Line Plastic and Ceramic Packages 

PIN CONFIGURATION PAg [ t 40 
PA2 [ 2 39 
PA, C 3 38 
PAO [ 4 37 
RD [ 5 36 
CS ~ 6 35 

GND ~ 7 34 
A, ~ 8 33 
AO [ 9 32 

PC7 [ 10 
82 

~/ 31 
PCg [ t t 8255A-5 30 
PCg [ 12 29 
PCq [ 13 28 
PCp [ 14 27 
PC, [ 15 26 
PC2 [ 16 25 
PC3 [ 17 24 
PBO [ 18 23 
PBi C 1s 2z 
P62 [ 20 21 

] PAq 
] PAg 

7 PAg 
] PA7 

~ WR 

] RESET 
~] DO 

D, 
D2 

D3 
] Dq 

D5 
] Dg 

] D7 

ACC 
P67 

] PBg 
] PBg 
] PBq 
] P83 

PIN NAMES 

D7-Dp Data Bus lei-Duectlonall 
RESET Reset snout 

CS Chip Select 

RD Read Input 

WR Write Input 

Ap, A t Port Address 

PA pPAp Port A 1&U 

PBS-PBp Port B (Bit) 

PCpPCp Port C IBitl 

VCC ~5 Vohs 

GND O Volts 
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µ PD825518255A-5 

General FUNCTIONAL DESCRIPTION 
The µPD8255 and µPD8255A-5 Programmable Peripheral Interfaces (PP1) are designed 
for use in 8080A/8085A microprocessor systems. Peripheral equipment can be effectively 
and efficiently interfaced to the 8080A/8085A data and control busses with theµPD8255 
and µPD8255A-5. The µPD8255 and µPD8255A-5 are functionally configured to be 
programmed by system software to avoid external logic for peripheral interfaces. 

Data Bus Buffer 

The 3-state, bidirectional, eight bit Data Bus Buffer (DO-D7) of the µPD8255 and 
µPD8255A-5 can be directly interfaced to the processor's system Data Bus (DO-D71• 
The Data Bus Buffer is controlled by execution of IN and OUT instructions by the 
processor. Control Words and Status information are also transmitted via the Data Bus 
Buffer. 

Read/Write and Control Logic 

This block manages all of the internal and external transfers of Data, Control and 
Status. Through this block, the processor Address and Control busses can control the 
peripheral interfaces. 

Chip Select, C- 3`, pin 6 
A Logic Low, VIL, on this input enables the µPD8255 and µPD8255A-5 for com-
munication with the 8080A/8085A. 

Read, RD, pin 5 

A Logic Low, VIL, on this input enables the µPD8255 and µPD8255A-5 to send Data 
or Status to the processor via the Data Bus Buffer. 

Write, WR, pin 36 

A Logic Low, VIL, on this input enables the Data Bus Buffer to receive Data or Con-
trol Words from the processor. 

Port Select 0, A0, pin 9 
Port Select 1, A1, pin 8 
These two inputs are used in conjunction with CS, RD, and WR to control the selec-
tion of one of three ports on the Control Word Register. Ap and Al are usually 
connected to AO and Al of the processor Address Bus. 

Reset, pin 35 

A Logic High, V1H, on this input clears the Control Register and sets ports A, B, and 
C to the input mode. The input latches in ports A, B, and C are not cleared. 

Group I and Group II Controls 

Through an OUT instruction in System S-oftware from the processor, a control word 
is transmitted to the µPD8255 and µPD8255A-5. Information such as "MODE," 
"Bit SET," and "Bit RESET" is used to initialize the functional configuration of each 
I/O port. 
Each group (I and III accepts "commands" from the Read/Nlrite Control Logic and 
"control words" from the internal data bus and in turn controls its associated I/O 
ports. 

Group I — Port A and upper Port C (PC7-PCq) 
Group II — Port B and lower Port C (PC3-PCO) 

While the Control Word Register can be written into, the contents cannot be read back 
to the processor. 

Ports A, B, and C 
The three 8-bit 1/O ports (A, B, and C) in the µPD8255 and µPD8255A-5 can all be 
configured to meet a wide variety of functional requirements through system software. 
The effectiveness and flexibility of the µPD8255 and µPD8255A-5 is further 
enhanced by special features unique to each of the ports. 

Port A = An 8-bit data output latch/buffer and data input latch. 
Port B = An 8•bit data input/output latch/buffer and an 8-bit data input buffer. 
Port C = An 8-bit output latch/buffer and a data input buffer (input not latched). 

Port C may be divided into two independent 4-bit control and status ports for use with 
Ports A and B. 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM Operating Temperature   0°C to+70°C 
RATINGS" Storage Temperature   -65°C to+125°C 

All Output Voltages Q1    -0.5 to +7 Volts 
All Input Voltages Q1    -0.5 to +7 Volts 
Supply Voltages Q1    -0.5 to +7 Volts 

Note: Q1  With respect to VSS 

DC CHARACTERISTICS 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. Thls is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

4Ta = 25° C 

Ta = 0°C to +70°C; VCO =+5V a 10%;VSS = OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS 

µPD8255 µPD8255A-5 

MIN TVP MAX MIN TVP MAX 

Input Low Voltage VIL VSS-0.5 0.8 -0.5 0.8 V 

Input High Voltage VIH 2 VCC 2 VCC V 

Output low Voltage VOL 04 0.45 V n 

Ou[put High Voltage VOH 2d 24 V 3~ 

Darlington Drive Current IOH Qi 1 2 4 -1 -4 mA VOf{ - 1 .SV, RExT 75032 

Power Supply Current ICC 40 120 120 mA VCC - rSV, Output Onen 

Input Leakage Current ILIy{ 10 10 µA VIN - VCC 

Input Leakage Current IL1L -10 -10 µA VIN 0 4V 

Output Leakage Current ILOH 10 ±t0 µA VOUT - VCC CS ` 2.OV 

Output Lea kage Current ILOL -10 -10 µA VpDT ` 0.4V, CS - 2.OV 

Notes: O7 Any set of eight 181 ou tpur from eit e. Por A, B, or C can sou: ce 2 mA ,nto 1 SV for µPD8255, or 4 mA into 

1 5V for µPD8255A5. 

02 For µPD8255 IOI 7 7 mA 
For NPDa 255A-5. IDL - 2.5 mA t°r De Porgy . 1 7 mA for Peripheral Porr~. 

For µPD8255: IOH = - 100 µA for DB Port; 50 µs for Peripheral Ports. 

For µPD8255A~5: IpH = - 400 µA for de Part; - 200 µs for Peripheral Ports. 

CAPACITANCE Ta= 25°~, ~cc = ass= ov 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS MIN TYP MAX 

Input Ca Dacitance CIN 10 pF fc = i MNz. 

Unmeasuredpins 
returned to VSS 

I/O Capacitance Cl/O 20 pF 
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~. PD825518255A•5 
Tp•UC meA°C. VCC•KV fS%:Vu•OV 

PARAMETER 6VMBOL 

LIMITS i 

UNIT 
TE6T 

CDNDITIp16 

YPDB266 vpO5766q-6 

MIN MA% MIN MA% 

READ 

Aadem Smtle Baton Q7<tr b tqq 50 0 m 

AObs 5mtle Ahn Rai r1 tqq 0 0 of 

~6 palm WiM tqR SOS ]00 m 

pm VRiE From ~6 fqp 7B5 200 of 8784: CL -100 pF 
B766M6: CL - 1 W pF 

Dem Flpt Aher RFAD tpF 
10 

150 
10 

100 
m 

CL • l0p pf 

CL' 18 pF 

Time BwweenP~US en0/orb tqy 850 850 m 0 

WRITE 

AEbq Sutla Kelm RW ITE tg5y 30 0 m 

AObmf Smtla AHw ~h ^NA 20 10 of 

WIiRC Wife WNM t1VW X00 700 m 

am VellO To RI ILEI tpty 10 100 of 

Dw VMiA AIew WN17[ ttyp J5 JO m 

OINER TIMING 

WR • O io Output tLV9 800 ]50 m 8785'. CL' 50 of 
8756M6: CL • 160 pF 

perpnw/ Dw Belm Tt6 tIP 0 0 n1 

pxynwel Dem Ahw ~ tqR SO 0 m 

CA K puim W"Mb tqK 500 J00 m 

SI9 W Im Wi01N [ST 3S0 500 of 

pw. Dem Kelm T.E. p STB tpS 80 0 m 

pw. 0.0 Ahw T.E Ol ST8 YH 150 1B0 m 

~.'Ir•OTO QItput tAD A00 300 of 8766: CL -80 pF 
8785A8: CL • 160 pF 

-~CR•BTO Output Flwt tKD ~ 
J00 

~ 
750 m CL'S0 pF 

8756 
CL'[5 pF 

~ - 1 To tl~- 0 ty/pg J00 650 of 

FCR - 0 To OBF • t lAOB ~~ ]''p m 

TSB - 0 To IBF • t t518 550 JID m 

RD•1TO IBF-0 tplB 780 l00 m 
8766. CL 50 pF 

8266A~8'. CL - 160 pf 

(16-OTp INTq-0 [Rlt X50 e00 m 

STB - 1 To [xTR • f 1517 X00 300 m 

xCQ• 1 Ta INTR • 1 tAIT X00 350 of 

~ • 0 Tp INTR • 0 MIIT 850 860 of 

Notes: Period of Reset pulse must be a least 50µs during or after power on. Subsequent Reset 
pulse can be 500 ns min. 

INPUT FROM PERIPHERAL 

'~ IAR+ 
C5. 4t, AO ~~ 

DO D/

wq 

~I~ 

BASIC INPUT 

  ww~ 

 ~~ 

law IwD 

Do Dy 

A 
~IAW ~~ A IWA 

CS, qt. 0 

OUiv UT t0 PERIPHERAL 

DO D/ 

rS. At. Ap 

 x 
IWB 

BASIC OUTPUT - RPD8255 

[DW IwO 

IAW-~ -IVIA  

OUtPUI i0 PERIPHERAI. 

AC CHARACTERISTICS 

TIMING WAVEFORMS 
MODEO 

RVB 

BA61C OUTPUT — yAD8755A~5 

1 612 



fcPD825518255A•5 

TIMING WAVEFORMS WR 

(CONT. 
MODE 1 tA06~ 

OBF 

'WOB 
INTR 

tW IT 

ACK 

~tAIT~' 

OUTPUT TO PERIPHERAL 

~1W6~ 

MODE 2 

"~— f ST 

STB FROM PERIPHERAL` ~ 
 I 

tS16 T 
IBF 

INTR 

qD 

• 

'SIT 

iR IT 

tPH 

INPUT FROM _~ ~-
PERIPHERAL 

 tP$ 

WR 

OBF 

INTR 

RIE3 

WRITE 
DATA FROM µPD8080A TO µPD8255 AND µPD8255A 

tAOB 

tWOB 

ACK FROM11 PERIPHERAL 

STB FROM FERIPHE RAL 

IBF 

PERIPHERAL 
BUS 

RD 

t S —~ 
A D ~. 

tPH 

DATA FROM / 
PERIPHERAL TO µP DS 255 

AND µPD8255A-5 

IKC 

' 'RIB 

DATA FROM 

µPD8255 AND µPD8255A~5 READ DATA FROM 
TO PERIPHERAL 

µPD8255 AND µPD8255A-5 
TO µPD8080A 

Nota: Q7 Any sequence where WR occurs before ACK and STB occurs before RD~ is permissible. 
(INTR =IBF • MASK ~ STB • RD + OBF ~ MASK •ACK - WR) 

02 When the µPD8255A-5 is set to Mode i or 2, OBF is reset to be high (logic t )-
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µPD825518255A•5 
The µPD8255 and µPD8255A~5 can be operated in modes (0, 1 or 21 which are selected 

by appropriate control words and are detailed below. 

• MODE 0 provides for basic Input and Output operations through each of the ports 
A, B, and C. Output data is latched and input data follows the peripheral. No "hand-

shaking" strobes are needed. 

i6 different configurations in MODE 0 

Two 8-bit ports and two 4-bit ports 

Inputs are not latched 

Outputs are latched 

MODE 1 provides for $imbed Input and Output operations with data transferred 

through Port A or B and handshaking through Port C. 

Twc I/O Groups 11 and I I) 

Both groups contain an 8-bit data port and a 4-bit control/data port 

Both S~bit data ports can be either Latched Input or Latched Output 

MODE 2 provides for Strobed bidirectional operation using PA0-7 as the bidirec-
tional latched data bus. PC3-7 is used for interrupts and "handshaking" bus flow 

controls similar to Mode 1. Note that PBO-7 and PCp-2 may be defined as Mode 0 

or 1, input or output in conjunction with Port A in Mode 2. 

An S~bit latched bidirectional bus port (PA0-7) and a 5-bit control port (PC3-71 

Both inputs and outputs are latched 

An additional 8-bit input or output port with a 3-bit control port 

INPUT OPERATION (READI 
A t AB AD WR I CS 
0 0 0 1 0 PORT A—i-DATA BUS 
0 1 D 1 0 PORT B —►DATA BUS 
1 D 0 [ 0 PORT C — -DATA BUS 

OUTPUT OPERATION (WRITE) 
At A RD WR CS 
0 0 7 0 I 0 DAiA BUS—i PORT A 

0 0 DATA BUS-y PORT B 
0 0 DATA BUS--►PORT C 
0 0 DATA BUS—►CONTROL 

DISABLE FUNCTION 
At AO RD WR CS 

X X X X t DATA Bus —,.-
HIGH ZSTATE 

x x t t 0 
DATA BUS ~ 
HIGH Z STATE 

NOTES. Q X means "DO NOT CARE." 
O All contl~tions not lis[ed are illegal and should 

be avoided. 

Leo,, e 

MODE DEFINITION BIT/RESET 

MODES 

MODE 0 

MODE 1 

MODE 2 

BASK OPERATION 

FORMATS 
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N. P D825518255A-5 

PACKAGE OUTLINE 
µPD8255C 

µPD8255AC/D-5 

A 

~ ~J 

~~'~.~ ~ ~~ ~~.~  1  c 
1~r-  ~~  ~ 

E ~ 

Plastic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.026 MAX 

B 1.62 Q064 

C 2.54 ~ 0.1 0.10 ! 0.004 

D 0.5.0.1 0.019±0.004 

E 48.26 1.9 

F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

1 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 
~ 0.1 ~ 0.004 

M 0.25 
0.05 

0.010 
0.002 

Ceramic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX. 2.03 MAX. 
B 1.62 MAX. 0.06 MAX. 
C 2.54±0.1 0.1 ±0.004 
D 0.5±0.1 0.02±0.004 
E 48.26 s 0.1 1.9 ± 0.004 

F 1.02 MIN. 0.04 MIN. 

G 3.2 MIN. 0.13 MIN. 

H 1.0 MIN. 0.04 MIN. 

I 3.5 MAX. 0.14 MAX. 

J 4.5 MAX. 0.18 MAX. 

K 15.24 TYP, 0.6 TYP. 

L 14.93 TYP. 0.59 TYP. 

M 0.25 ± 0.05 0.01 ± 0.0019 

0-10°

8255DS-R EV2-12-80-CAT 
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NEC Microcomputers, Inc. 

PROGRAMMABLE DMA CONTROLLER 

NBC 
µPD8257 
µ PD8257.5 

DESCRIPTION The µPD8257-5 is a programmable four-channel Direct Memory Access (DMA) con-
troller. It is designed to simplify high speed transfers between peripheral devices and 
memories. Upon a peripheral request, the µPD8257-5 generates a sequential memory 

address, thus allowing the peripheral to read or write data directly to or from memory. 

Peripheral requests are prioritized within the µPD8257.5 so that the system bus may 
be acquired by the generation of a single HOLD command to the 8080A. DMA cycle 
counts are maintained for each of the four channels, and a control signal notifies the 
peripheral when the preprogrammed member of DMA cycles has occurred. Output con-
trol signals are also provided which allow simplified sectored data transfers and expan-
sion to other µPD8257-5 devices for systems requiring more than four DMA channels. 

FEATURES • NEC Now Supplies µPD8257-5 to µPD8257 Requirements 
• Four Channel DMA Controller 
• Priority DMA Request Logic 
• Channel Inhibit Logic 

• Terminal Count and Modulo 128 Outputs 
• Automatic Load Mode 
• Single TTL Clock 

Single +5V Supply ±10% 
• Expandable 
• 40 Pin Plastic Dual-In-Line Package 

PIN CONFIGURATION 
A7 ov R C 1 ao 

liow C 2 39 As 
MEMR C 3 38 ~ A5 
MEMW C 4 37 Aa 
MARK C 5 36 ,] TC 

READY C 6 35 '43 
HLDA C 7 34 A2 

ADDSTB C 8 33 Al 
AEN C 9 µPD 32 AO 
HRn C 10 8257/ 31 ~cc 
cs C 11 8257.5 30 DO 

CLK C 12 29 D1 
RESET C 13 2S D2 
DACK2 C 14 27 ~ D3 
DACK3 C 15 26 ~—
DRQ3 C 16 25 DACKp 

DRQ2 C 17 24 DACK1 
DRQ1 C 18 23 D5 
DRnp C 19 22 D6 

GND C 20 21 D7 

PIN NAMES 

D~-Dp Data Bus 

A~~AD Address Bus 
%IIOR I/O Read 

I/DW I/O Write 
MEMR Memory Read 
MEMW Mamory Write 
CLK Clock Input 
RESET Reset Input 
READY Ready 
HRQ Hold Request Ito 8080A1 
HLDA Hold Acknowledge Irrom 8080A) 
AEN Address Enable 

ADSTB Address Strobe 

TC Terminal Count 

MARK Modulo 128 Mark 

DR03-DROD DMA Request Input 

DACK 3-DACKe DMA Acknowledge Out 

CS Chip Select 
VCC +5 Volts 
GND Ground 

REV/3 
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ftPD8257-5 
~G o BLOCK DIAGRAM 

,o°~ 

Gw 
AE=ET RE4p 

WOGiC 

RRO ~~ 

RLDn  

MEMR _ " 

MEMw f~ 

4EN 

a05TB ~~ 

TC 

MARK 

COMTRO~ 
OGiG, 
nN0 

BEiE
REG 

<N-1 

—~ On<K7 

-i OnCK~ 

Operating Temperature   0°C to +70°C ABSOLUTE MAXIMUM 
Storage Temperature  - 65°C to+150°C RATINGS*
Voltage on Any Pin   - 0.5 to +7 Volts 

Power Dissipation   1 Watt 

Note: Q1  With Respect to Ground 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

"Ta = 25°C 

Ta = 0°C to +70°C; VCC = +5V i t 0% GND = 0V 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN. TYP. MAX. 

Input Low Voltage VIL —0.5 0.8 Volts 

Input High Voltage VIH 2.0 VCC +0.5 Volts 

Output Low Voltage VOL 0.45 Volts IOL = 1.7 mA 

Output High Voltage VOH 2.4 VCC Volts IOH = - 150µA for AB, 

DB and AEN 

IOH = -80 µA for others 

HRO Output High Voltage V HH 3.3 V CC Voltz I QH =-80µA 

VCC Current Drain ICC 120 mA 

Input Leakage I IL 70 IiA VIN =VCC 

Output Leakage During Float IOFL 10 µA VOUT~ 

Note: UVCC~VOUT~ GND+0.45V 

T„ = 25°C; V~~ =GND = OV 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN. TYP. MAX. 

Input Capacitance CIN 10 pF fc = 1 MHz 

I/O Capacitance Cl/0 
20 pF Unmeasured pins 

returned to GND 

DC CHARACTERISTICS 

CAPACITANCE 
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AC CHARACTERISTICS BUS PARAMETERS 

PERIPHERAL (SLAVE) MODE Ta=o°ctp 7o°c;vcc=ev=io%;cND=ovOO 
µ. PD8257-5 

PARAMETER SYMBOL 

2 LIMITS 

UNIT 
TEST 

CONDITIONS 
PD825] yPD825]~5 

MINA TVP) MA% MIN' TVP~ MA% 

PEAD 

Atlr or CS! Setuo to Re! Tqq 0 0 ns 

Atlr or CSt Holtl from Rtl' Tqq 0 0 ns 

Data Access Irom Rtl. TRDE 0 300 0 170 ns CL = 100 pF 

DB—Float Delay from Rtl' TRDF 

20 

150 

20 

100 ns 
ns 

C~ = 100 pF 

CL = 15 pF 

Rtl Witlt~ Tqy.~ 250 250 ns 

WRITE 

C5: Setup to Wr. TCyY 300 300 ns 

CS' Holtl Irom Wrt TyyC 20 20 ns 

Atlr Setup to Wr: Tgyy 20 20 ns 

Atlr Holtl from Wr' TWp 0 0 os 

Data Setup to Wr! Tpyy 200 200 ns 

Data Moltl from Wr• Tyyp 0 0 ns 

Wr Witltn TyyyYS 200 200 ns 

OTHER TIMING 

Reset Pulse Widtn TgSTyy 300 300 ns 

Power SYOPIy tIVCCI Setup to Reset! TRSTD 500 500 us 

Signal Rise Time Tr 20 20 ns 

Signal Fall Time TI 20 20 ns 

Reset to First IOWR TRSTS 2 2 tCV 

Note. O1  All timing measurements are matle at the lollowing reference voltages unless specilietl otlserwise Input "1" 
at 2.OV, "0" at O.BV. Output "1" as 2.OV, "0" at O.BV. 

Q2 Data for comparison only. 

TIMING WAVEFORMS READ TIMING 

PERIPHERAL (SLAVE) MODE 
CHIP SELECT 

ADDRESS BUS 

I/O RD 

DATA BUS  

~—Tqq—~ ~~ 

— TAR 

TRDE~ 

~~  

TRWS~r 

WRITE TIMING 

CHIP SELECT 

ADDRESS BUS 

DATA BUS 

I/O WR 

T Cy,/

~ y 

TRA 

+--TRA 

f — TRDF 

Twc  

Tgyy F.TWq

~~ T DW -- ter —TWp -+ 

RESET TIMING 

RESET 

TRSTW 

- TRSTD~ 

~~ 

t 

TRSTS TWWS 

VCC 
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~,PD8257-5 

Ta = 0°C to JO°C; VOC =+SV ± 10%; GND =OV 

~ 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS ® yPD6257 µPD8257.5 

MIN MAX MIN MAX 

Cycle Time (Period) TCy 0.320 4 0.250 4 us 

Clock Active (High) TB 120 .STCy 30 .gTCy ns 

DROt Setup to B 1 I$I, 541 TOg 120 120 

DROl Hold from HLDAt TpH 0 0 

HROt ar iDelay from Bi (S1, S41 
I measured at 2.OV1 

TDO 160 160 ns Q1

HRO1 or ! Delay from B1 ISI, 541 
l measured at 3.3V1 

Tppi 250 250 ns 03 

HLDAi or !Setup id Bl ISI, 541 THg 100 100 ns 

AENi Delay from 811571 TgEL 300 250 ns Qi

AENl Delay from Bt ISI) TAET 200 200 ns Q1

Adr (ABI (Active) Delay from AENt 151) Tq Eq 20 20 ns 0 

Adr IAeI (Active) Delay fromet 1511 TFggg 250 250 ns Q2 

Adr (ABI IFloatl Delay fromel (SII TgFgg 150 150 ns 02 

Adr (ABI IStablel Delay fromB11Si1 TggM 250 250 ns Q2 

Adr IAB) IStablel Hold from Bl IS11 TqH TASM-50 TgSM'r-~ 
Adr IAB) I Valid) Hold from Rdt IS7, SIl TgMR 60 60 ns 

Adr (ABI IValidl Hold from Wri 1St, SII Tp HW 300 300 ns Q4

Adr (DBI (Active) Delay from B i ISl l TFgpg 300 250 ns (~ 

Adr (DBI IFIoatl Delay from Bt IS21 TAFDB TSTT+20 250 TSTT+20 170 ns Q2 

Adr (DBI Setup to Adr Stbl ISt-S2) TASS 100 100 ns 

Adr (DBI IValidl Hold from Adr Stbl IS21 7q HS 50 50 ns 

Adr Stbi Delay from 81 1571 TSTL 200 200 ns Qi

Adr Stbl Delay from 811521 TSTT 140 140 ns O1

Adr Stb Width ISt-S21 Tgyy TCy-100 TCy-100 ns (~ 

Rdl or Wr IExtll Delay from Adr 
Stbi 1521 

TggC 70 70 ns 

Rdl or Wr IExtll Delay from Adr (DBI 
IFIoaH IS21 

Tpgp 20 20 ns 

DACK1 or !Delay from Bl IS2, 511 and 
TC/Mark 1 Delay from B1 (531 and 
TC/Mark 1 Delay fromBi IS41 

TqK 250 250 ns 01  0 

Rdl or Wr IExtll Delay from Bl IS2) and 
Tylrl Delay from Bt IS31 

TDCL 200 200 ns 02 

Rdi Delay from Bl (Si, SII and 
Wrt Delay from Bt ISdI 

TDCT 200 200 ns 02 Q7 

Rd or WrlActivel lrom 81 1511 TFgC 300 250 ns Q 

Rd or WrlFloatl from 81 1511 TpF(` 150 150 ns 

Rd Witlth IS2-S7 or 511 TRWM 2TCV+ 
iq-50 

2TCV+ 
Tg-50 

ns 04

Wr Width IS3-541 TWWM TCV-r-~ TCy-50 ns 

Wr IEztl Width iS2-541 _ TWWME 2TCY- `~ 2Tpy-50 ns Q4

READY Set Up Time to Bt IS3, Sw) TRS 30 30 ns 

READY Hold Time from Bi IS3, Swl TRH 20 20 ns 

Notes: Ol  Load = 1 TTL 

Q Load=1 TTL+5p pF 

Q3 Load=1 TTL+IRL_3.3K1, VOH=3.3V 
® Track pecificarion 
Q ATgKn<50 m 

© ATDGL <50 ns 

OO ATDCT <50 ns 

08 Data for comparison only 

AC CHARACTERISTICS 
DMA (MASTER) MODE 
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µPD8257-5 

TIMING WAVEFORMS 
DMA (MASTER) MODE 

 CONSECUTIVE CYCLES aND BURET MODE SEDUENLE {~—CONiRpL OVERRipE SEQUf NCE NOT READY SEQUENCE 

s~ I so si I sa I ss I s' ~ s l sa I ss ~ s. ~ v~ si I sB si I sE I ss s, I s l v l sB s, I sa ~ v sw I sw I sr I si si I si 

cLDCT ~ J~ _ 
E T~ cLDCR 

~ T~ 

DROD.3 

RRD 

TAEL—a 

ADDDF Tf AABy 
(LOWER ADRI ~~~~ 

DATgD_] ADB~ 

IUMER ADRI ~ ~~ 

Dom 
r ~{ 

~---~" 
TAET 

~—ASM 

4DDSTB 

TSTL—~ 

Af DB 

DnccDa -•--# 
TAc 

TFAC~ 

MEMRDIIIO RD~~~~

OCL+ 

MEMWR/I/O WR ~~~  

READv 

TC/MARK 

ANS 

1  A F B 

  --A— ~ L

Ass 

~} 

TRS 

~ RQ 

f TAR +I 

~ TOCT 

F—TDCT 
 TDCL 

--TAsc 

r TRWM'M 

1 

TR

~ TAFC 

DBL 

1 

 ~ ` 

IVo ER /AORI 

ADR STB 

! `~~~~MEMRDIIIO RD 

~~/ ~` 

TRS~ ~ 

FUNCTIONAL 
DESCRIPTION 

 ff ~~ 

 J `~---MEMWRIIIO WR 

READY 

`  TC/MARK 

The µPD8257-5 is a programmable, Direct Memory Address (DMA) device. When used with an 
8212 I/O port device, it provides a complete fourchannel DMA controller for use in 8080A/8085A 
based systems. Once initialized by an 8080A/8085A CPU, the µPD8257-5 will block transfer up to 
16,364 bytes of data between memory and a peripheral device without any attention from the 
CPU, and it will do this on all 4-DMA channels. After receiving a DMA transfer request from a 
peripheral, the following sequence of events occurs within the µPD8257-5. 

• It acquires control of the system bus (Placing 8080A/8085A in hold model. 

• Resolves priority conflicts if multiple DMA requests are made. 

• A 16-bit memory address word is generated with the aid of an 8212 in the following manner: 

The µPD8257-5 outputs the least significant eight bits (AO-A7) which go directly onto the 
address bus. 

The µPD8257-5 outputs the most significant eight bits (Ag-A15) onto the data bus where 
they are latched into an 8212 and then sent to the high order bits on the address bus. 

• The appropriate memory and I/O read/write control signals are generated allowing the 
peripheral to receive or deposit a data byte directly from or to the appropriate memory 
location. 

Block transfer of data (e.g., a sector of data on a floppy disk) either to or from a peripheral may be 
accomplished as long as the peripheral maintains its DMA Request (DRQn). The µPD8257.5 retains 
control of the system bus as long as DROn remains high or until the Terminal Count ITC) is 
reached. When the Terminal Count occurs, TC goes high, informing the CPU that the operation is 
complete. 

There are three different modes of operation: 

• DMA read, which causes data to be transferred from memory to a peripheral; 

• DMA write, which causes data to be transferred from a peripheral to memory; and 

• DMA verify, which does not actually involve the transfer of data. 

The DMA read and write modes are the normal operating conditions for the µPD8257-5: The DMA 
verify mode responds in the same manner as read/write except no memory or I/O read/write 
control signals are generated, thus preventing the transfer of data. The peripheral gains control of 
the system bus and obtains DMA Acknowledgements for its requests, thus allowing it to access 
each byte of a data block for check purposes or accumulation of a CRC (Cyclic Redundancy Code) 
checkword. In some applications it is necessary for a block of DMA read or write cycles to be 
followed by a block of DMA verify cycles to allow the peripheral to verify its newly acquired 
data. 
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,ct PD8257-5 

Internally the µPD8257-5 contains six different states (S0, S7, S2, S3, S4 and SW). The DMA OPERATION 
duration of each state is determined by the input clock. In the idle state, (S1), no DMA 
operation is being executed. A DMA cycle is started upon receipt of one or more DMA 
Requests (DRQn), then the µPD8257-5 enters the SO state. During state SO a Hold 

Request (H RQI is sent to the 8080A/8085A and the µPD8257-5 waits in SO until the 
8080A/8085A issues a Hold Acknowledge (HLDA) back. During S0, DMA Requests 
are sampled and DMA priority is resolved (based upon either the fixed or priority 
scheme). After receipt of HLDA, the DMA Acknowledge line (DACKn) evith the high-
est priority is driven low, selecting that particular peripheral for the DMA cycle. The 
DMA Request line (DRQn) must remain high until either a DMA Acknowledge 
(DACKn) or both DACKn and TC (Terminal Count) occur, indicating the end of a 
block or sector transfer (burst model). 

The DMA cycle consists of four internal states; S1, S2, S3 and S4. If the access time 
of the memory or I/O device is not fast enough to return a Ready command to the 
µPD8257.5 after it reaches state S3, then a Wait state is initiated (SW). One or more 
than one Wait state occurs until a Ready signal is received, and the µPD8257-5 is 
allowed to go into state S4. Either the extended write option or the DMA Verify mode 
may eliminate any Wait state. 

If the µPD8257.5 should lose control of the system bus (i.e., HLDA goes low) then the 
current DMA cycle is completed, the device goes into the S1 state, and no more 
DMA cycles occur until the bus is reacquired. Ready setup time (tRg), write setup 
time (tpWl, read data access time (tRp) and HLDA setup time (tOS) should all be 

carefully observed during the handshaking mode between the µPD8257-5 and the 
8080A/8085A. 

During DMA write cycles, the I/O Read (I/O R) output is generated at the beginning 
of state S2 and the Memory Write (MEMW) output is generated at the beginning of 
S3. During DMA read cycles, the Memory Read (MEMR) output is generated at the 
beginning of state S2 and the I/O Write (I!O W) goes low at the beginning of state S3. 
No Read or Write control signals are generated during DMA verify cycles. 

RESET 

READY •VERIFY 

HRQ +HLDA 

Notes: ~1  HRD is set if DRQn is active. 

2 HRQ is reset if DRQn ~s not active. 

DMA OPERATION 
STATE DIAGRAM 

622 



fc PD8257-5 

TYP ICAL µPD8257-5 
SYSTEM INTERFACE SCHEMATIC 

INT 41 y 

INTE ~6 

14 ~75 

OSC r ? 

RD VINE 

R ESIN ~C 

6224 

STSTB 

021TTL1

6 

__5 19 
~4 23 

._ ry 

8080A 

HOLD 
H LDA 
DBIN 
WR 

SYNC 
REA qV, 
R ESE7 

01 02

25 •  Ap 
26 ~  ~ 

29 ~ 
30 ~ 

31 .

27 

32 
33 
34 
35 

40 
37 
36 
39 
36 

13 
21 
17 

D16
3 4 

• 

2 

10 15 

9 17 
8 12 
7 10 
3 6 
4 19 
5 21 
6 8 

22' 

10 

D7 d 

8228 

MEMR
MEMW 

1/OR 
1/OW 
INTA 

BUSEN 

22 p 

i 

3 

16 

9 
5 
16
20 
7 

• 
• 

• 
• 

• 

• 
• 

~  i ADDRESS 
~  BUS 

• 
• 
• 
• 
• 

• 
 A 15 

D 
24 

D 
26 

D 25 

D 27 • 
D 

23 

• 

CHIP SELECT 
READY 

• 

e 

~7 10 

F~ 
29 
28 

27 
26 
23 
22 
21 

3 
a 

 "a 
1 
D 

2 
13 d
12~ 

 11a 
6~ 

HLDA HRD 
32 
33 
34 

35 
37 
38 
39 
4a 

µPD 

6257-5 

RESET 
CLK 
cs 
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D 24
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AEN ADSTB 
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DISABLE I/O 
ADDR ES$ BUS 

13 1 

3 
5 
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16 
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20 
22 

ACC ~ 

GND 

DS2 STB 

8212 

a 

6 
e 
10 
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17 
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MD DS1 

2 O1 

DO

DATA 
BUS 

D7

CONTROL 
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DROO 
• DAC KO 

 DR D1 

• DACK7 

  DR U2 
► DACK2 

 OR U3 

► DAC Kg 

 ~ TC 
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f- — - 

~l 
E 

K 
l~ 

D 

PACKAGE OUTLINE 
µPD8257C 

- µPD8257C-5 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.5430.1 0.10±0.004 

D 0.5±0.1 0.01930.004 

E 48.26 1.9 
F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

! 5.22 MAX 0.206 MAX 

~ 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

+ 0.1 + 0.004 
M 0.25 

_ 0.05 
0.010 _ 0.002 

~4 8257-5DSR E V 310-SO~CAT 



NEC Microcomputers, Inc. 
NEC 

N, PD8259 
µ PD8259.5 

PROGRAMMABLE INTERRUPT CONTROLLER 

DESCRIPTION The NEC µPD8259-5 is a programmable interrupt controller directly compatible with 
the 8080A/8085A/µPD7801Z80TM). It can service eight levels of interrupts and con-
tains on-chip logic to expand interrupt capabilities up to sixty-four levels with the 
addition of other µPD8259-5's. The user is offered a selection of priority algorithms to 
tailor the priority processing to meet his systems requirements. These algorithms can 
be dynamically modified during operation, expanding the versatility of the micro-
processor system. 

FEATURES NEC now Supplies µPD8259-5 to µPD8259 Requirements 

• Eight Level Priority Controller 
• Programmable Base Vector Address 
• Expandable to 64 Levels 
• Programmable Interrupt Modes (Algorithms) 
• Individual Request Mask Capability 
• Single +5V Supply ±10% (No Clocks) 
• Full Compatibility with 8080A 
• µPD8259-5 Compatible with 8085A Speeds 
• Available in 28 Pin Plastic and Ceramic Packages 

PIN CONFIGURATION 

TM: Z80 is a registered trademark of 2ilog, Inc. 

cs 

WR 

RD 

D~ 

Dg 

D6 

Dq 

D3 

DZ 

Dt 

Dp 

C ASO 

CASs 

GND 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

8259-5 

za 

z~ 

26 

25 

24 

23 

22 

21 

20 

19 

18 

~cc 
AO 

1 TN A 

IR7 

IR6 

IR5 

IR4 

IR3 

IR2 

IR1 

IRO 

INT 

SP 

CAS 2 

PIN NAMES 

D~ — DO Data Bus (Bi-Directional) 
RD Read Input 
WR Write Input 
AO Command Select Address 
CAS2 — CASO Cascade Lines 
SP Slave Program Input 

INT Interrupt Output 
INTA Interrupt Acknowledge Input 
IRO —IR7 Interrupt Request Inputs 
Z`3` Chip Select 
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1 

CS 

o, Do 

De rs 

R 
REnD 

~ :omc 

CS 

CASC4DE 
cEER 

COMRnRniOR 

CnSG ] 

Y 

RROCESSOR RROCE ~SOR RROCESSOR 

4DORE 5 CONTROE 
BUS RUS BUS 

SE4vE 
Rn°cRnu cnuaDE 

LINES 

corvTRo~ ~ocic 

--~. 
iNTERNaE 

SE RviCE 
EGiSTE9 
IISR! 

J-

9 ESOLVER 

NrERRURr 
REQUEST 
REGISRiER 

iNTERR VPi MASK REGISTER IIM RI 

BLOCK DIAGRAM 

Operating Temperature  0°C to+70°C ABSOLUTEMAXIMUM 
Storage Temperature   —65°C to+125°C RATINGS*
Voltage on Any Pin   —0.5 to +7 Volts 
Power Dissipation   1W 

Note: O With respect to ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings' may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

Ta = 0'C to +70"C; VCC - +5V ± 10% 

PARAMETER ,SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TVP MAX 

Input Low Voltage V IL -0.5 0.8 V 

Input High Voltage VIH 2.0 VCC+0.5V V 

Output Low Voltage VOL 0.45 V IOL = 2 mA 

Output High Voltage VOH 2.4 V IOH =-400 pA 

Interrupt Output- 

High Voltage 

VOH-INT 2.4 V IOH = -400pA 

3.5 V IOH = -50 pA 

Input Leakage Current 

for IRO-~ 
jIL (IR I 

O ~ 

-300 NA VIN = OV 

10 pA VIN = VCC 

Input Leakage Current 
for other Inputs 

I IL ±10 µA VIN =VCC to OV 

Output Leakage Current ILOL - 10 pA VGUT = 0.45 V 

Output Leakage Current ILOH 10 pA VGUT' VCC 

VCC Supply Current ICC 85 mA 

DC CHARACTERISTICS 
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CAPACITANCE Ta = 25°C; VCC = GND = OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Capacitance CIN 10 pF fc = 1 MHz 

Unmeasured Pins 
Returned to VSS 

I/O Capacitance Cl/p 20 pF 

AC CHARACTERISTICS Ta=O°~to+7o`c;v~~=+5v= Ior;cND=ov 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS 

© 8259 8259-5 

MIN I MAX MIN, MAX 

READ 

i-S/AO Stable Before RD or INTA tqR 50 0 ns 

CS/AO Stable After RD or INTA tRq 50 0 ns 

RD Pulse Width tRR 420 250 ns 

Data Valid From RD/INTA tRp 300 250 ns 0 
Data Float After RD/INfA tpF 20 200 20 100 ns O1 

WRITE 

Ap Stable Betore WR tqy~ 50 0 ns 

AO Stable After WR tyyq 20 0 ns 

CS Stable Before WR tCyy 50 ns 

CS Stable After WR tyyC 20 ns 

WR Pulse Width tysryy 400 250 ns 

Data Valid to WR IT. E.1 tpy,~ 300 150 ns 

Data Valid After WR ty~p 40 0 ns 

OTHER 

Width of Interrupt Request Pulse tlyy 100 700 ns 

INT 1 After IR 1 LINT 400 250 ns 

Cascade Line Stable After IN7A i tlp 400 300 ns 

Note: O7 For uPD8259: CL = 100 pf; for µPD8259-5: CL = 150 pf 

O2 Data for Comparison only 
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The interrupt request register and in-service register store the in-coming interrupt 

request signals appearing on the IRO-7 lines (refer to functional block diagraml. The 

inputs requesting service are stored in the IRR while the interrupts actually being 

serviced are stored in the ISR. 

A positive transition on an IR input sets the corresponding bit in the Interrupt Request 
Register, and at the same time the INT output of the µPD8259-5 is set high. The I R 
input line must remain high until the first INTA input has been received. Multiple, non-
masked interrupts occurring simultaneously can be stored in the IRR. The incoming 
INTA sets the appropriate ISR bit (determined by the programmed interrupt algorithm) 
and resets the corresponding IRR bit. The ISR bit stays high-active during the interrupt 

service subroutine until it is reset by the programmed End-of-Interrupt IEOII command. 

PRIORITY RESOLVER 

The priority resolver decides the priority of the interrupt levels in the IRR. When the 
highest priority interrupt is determined it is loaded into the appropriate bit of the 
In-Service register by the first INTA pulse. 

DATA BUS BUFFER 

The 3-state, 8-bit, bi-directional data bus buffer interfaces the µPD8259-5 to the 
processor's system bus. It buffers the Control Word and Status Data transfers between 
the µPD8259-5 and the processor bus. 

READNVRITE LOGIC 

The read/write logic accepts processor data and stores it in its Initialization Command 
Word (ICW) and Operation Command Word (OCW) registers. It also controls the 
transfer of the Status Data to the processor's data bus. 

CHIP SELECT (CSI 

The µPD8259-5 is enabled when an active-low signal is received at this input. Reading 
or writing of the µPD8259-5 is inhibited when it is not selected. 

WRITE IWR1 
This active-low signal instructs the µPD8259-5 to receive Command Data from the 
processor. 

READ (RD) 

When an active-low signal is received on the RD input, the status of the Interrupt 
Request Register, In-Service Register, Interrupt Mask Register or binary code of the 
Interrupt Level is placed on the data bus. 

INTERRUPT (INT) 

The interrupt output from the µPD8259-5 is directly connected to the processor's 
INT input. The voltage levels of this output are compatible with the 8080/8085 
input voltage and timing requirements. 

INTERRUPT MASK REGISTER (IMR) 

The interrupt mask register stores the bits for the individual interrupt bits to be masked. 
The IMR masks the data in the ISR. Lower priority lines are not affected by masking a 
higher priority line. 

INTERRUPT REQUEST REGISTER (IRR) AND IN-SERVICE REGISTER (ISR) BASIC FUNCTIONAL 
DESCRIPTION 
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FUNCTIONAL DESCRIPTION INTERRUPT ACKNOWLEDGE (INTA) 
(CONY.) The interrupt acknowledge signal is usually received from the 8228 (system controller 

for the 8080A1. The system controller generates three INTA pulses to signal the 8259-5 
to issue a 3-byte CALL instruction onto the data bus. 

AO 

AO is usually connected to the processor's address bus. Together with WR and RD 
signals it directs the loading of data into the command register or the reading of 
status data. The following table illustrates the basic operations performed. Note that 
it is divided into three functions: Input, Output and Bus Disable distinguished by the 
RD, WR, and CS inputs. 

µPD8259 BASIC OPERATION 

Ap Dq D3 RD WR CS PROCESSOR INPUT OPERATION (READ) 

0 0 1 0 IRR, ISR or IR —> Data Bus 
1 0 1 0 IMR —> Data Bus 

PROCESSOR OUTPUT OPERATION (WRITE) 

0 0 0 1 0 0 Data Bus -> OCW2 
0 0 1 1 0 0 Data Bus —> OCW3 
0 1 X 1 0 0 Data Bus --> ICW1 
1 X X t 0 0 Data Bus —> OCWt, ICW2, ICW3 Q 

DISABLE FUNCTION 

X X X 1 1 0 Data Bus ~ 3-State 
X X X X X 1 Data Bus ~ 3-State 

Notes: Q1 The contents of OCW2 written prior to the READ operation governs the 
selection of the IRR, ISR or Interrupt Level. 

Q The sequencer logic on the µPD8259.5 aligns these commands in the 
proper order. 

CASCADE BUFFER/COMPARATOR. (For Use in Multiple µPD8259-5 Array.) 

The ID's of all µPD8259-5's are buffered and compared in the cascade buffer/com-
parator. The master µPD8259-5 will send the ID of the interrupting slave device along 
the CASO, 1, 2lines to all slave devices. The cascade buffer/comparator compares its 
preprogrammed ID to the CASO, 1, 2lines. The next two INTA pulses strobe the pre-
programmed, 2 byte CALL routine address onto the data bus from the slave whose ID 
matches the code on the CASO, 1, 2lines. 

SLAVE PROGRAM (SPI. (For Use in Multiple µPD8259 Array.) 

The interrupt capability can be expanded to 64 levels by cascading multiple 
µPD8259-5's in amaster-plus-slaves array. The master controls the slaves through the 

CASO, 1, 2lines. The SP input to the device selects the CASO-2lines as either outputs 

(SP=11 for the master or as inputs (SP=01 for the slaves. For one device only the SP 
must be set to a logic "1"since it is functioning as a master. 
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CHIP SELECT 

ADDRESS BUS 

I/O RD 

READ 

~~TAR ~TRA 

TRDyI ~ TDF

DATA BUS\HIGH IMPEDAN~~~~ ~~~~~~ 

CHIP SELECT 

WRITE 

~ r TCW ~ 

—.~, .tTWC 

ADDRESS BUS 

e --TAW- ~ —y' ~~ - TWA 

DATA BUS ] ~ 

TDW ~-y TWp ~—

I/O WR 

READ STATUS/POLL MODE 

CS 
~ /  

WR~ 

RD 

DATA BUS///////~1~~ OCW3 

IR 
~--- t I N T 

'U/~/~~/I/I~/~ DATA %~l~/II//~~/l/ 

OTHER 

t I W -ar~f   
INT  

INTA 

DB \HIGH IMPEDANCE 

CO.Z  

2.a 

0.45 

WR 

\\\\\\\~ >\\ 

—~ tIC~ 

Note: IR must stay "high" at least until the leading edge of 1st INTA. 

DATA BUS --

INPUT WAVEFORMS FOR AC TESTS 

2.2 2.7 

TEST POINTS 

0. R 0.8 

INITIALIZATION SEQUENCE 

,~~~~.~ 

STORE BYTE 1 

r ---Z 
STORE BYTE 2 

~---- —
STOREBVTE3 

TIMING WAVEFORMS 
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DETAILED OPERATIONAL 
DESCRIPTION 

The µPD8259-5 derives its versatility from its programmable interrupt modes and its 
ability to jump to any memory address through programmable CALL instructions. The 
following sequence demonstrates how the µPD8259-5 interacts with the processor. 

1. An interrupt or interrupts appearing on IRO. sets the corresponding IR bitls) 
high. This in turn sets the corresponding I R R bits) high. 

2. Once the I RR bits) has been set, the µPD8259-5 will resolve the priorities 
according to the preprogrammed interrupt algorithm. It then issues an INT signal 
to the processor. 

3. The processor group issues an INTA to the µPD8259-5 when it receives the INT. 

4. The INTA input to the µPD8259-5 from the processor group sets the highest 
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the 
µPD8259-5 to issue an 8-bit CALL instruction op-code (11001101) onto its Data 
bus lines. 

5. The CALL instruction code instructs the processor group to issue two more 
INTA pulses to the µPD8259-5. 

6. The two INTA pulses signal the µPD8259-5 to place its preprogrammed interrupt 
vector address onto the Data bus. The first INTA releases the low-order 8-bits 
of the address and the second INTA releases the high-order 8-bits. 

7. The µPD8259-5's CALL instruction sequence is complete. A preprogrammed 
EOI (End-of-Interrupt) command is issued to the µPD8259-5 at the end of an 
interrupt service routine to reset the ISR bit and allow the µPD8259-5 to service 
the next interrupt. 

PROGRAMMING THE Two types of command words are required from the processor to fully define the 
µPD8259-5 ~ operating modes of the µPD8259-5. 

1. Initialization Command Words (ICWs) 

Each µPD8259-5 in the interrupt array must be initialized prior to normal opera-
tion. The initialization is performed by a 2 or 3-byte sequence clocked by WR 
pulses. Figure 1 shows this sequence. (Refer to Figure 2 for bit definitions.) 

AO D7 D6 D5 D4 D3 D2 D1 DO 

0 A7 Ag A5 1 0 F S O 

1 A15 A14 A13 

1

Al2 A11 A10 Ag Ag 

YES ~ 

NO 

1 S7 Sg S5 S4 S3 S2 S1 SO 

READY TO ACCEPT REQUESTS 
IN FULLY NESTED MODE 

INITIALIZATION SEQUENCE —FIGURE 1. 

ICW 1 

ICW2 

ICW3 
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2 Operation Command Words (OCWs) PROGRAMMING TH E 

The operation command words are used to program the various interrupt 

algorithms listed below: 

• Fully Nested Mode 
• Rotating Priority Mode 
• Special Mask Mode 

Polled Mode 

Once the µPD8259-5 has been initialized, OCWs can be written at any time. 

When Ap = 0 and D4 = 1 in a command to the µPD8259-5, together with CS = 0, it is 

recognized as Initialization Command Word 1. This is the start of the initialization 

sequence and causes the following to occur: 

• The Interrupt Request edge-sense circuitry is reset so that an input must make a 
low-to-high transition to generate its interrupt. 

• The initialization sequence clears Interrupt Mask Register to all unmasked and 
resets the Special Mask Mode and Status Read Flip-Flops. 

• IR7 input is set to priority 7. 

There are eight equally-spaced base vector addresses in memory for the eight interrupt 
inputs. The interval between the base vector addresses can be programmed to be either 
four or eight requiring 32 or 64 bytes in memory, respectively. The following shows 
how the address format is mapped onto the Data bus. 

D7 Og D5 Dq D3 Dy D7 DO 

A7 A6 A5 Aq A3 A2 AI AO 
~~ 

DEFINED BV AUTOMATICALLY INSERTED 
D5-70F ICW1 BY yPD6259 

A15 A~q A13 A72 A11 A70 Ag Ag 

 J 
DEFINED BY ICW2 

The µPD8259-5 automatically defines A0-4 with a separate address for each interrupt 

input The base vector addresses A~r~.g are programmed by ICW1 and ICW2. A5 is 
either defined by the µPD8259-5 if the address interval is eight or must be user-define 

the interval is 4. The 8-byte CALL interval is consistent with 8080A processor R ESTART 
instruction software. The 4-byte CALL interval can be used for a compact jump table. 
Refer to Figure 4 for a table of address formats. 

The following is an example of an interrupt acknowledge sequence. The µPD8259-5 has 
been programmed for a CALL address (base vector address) interval of eight IF = 0) and 
there is an interrupt appearing on IRq. The 3-byte sequence is strobed out to the Data 
bus by three INTA pulses. 

1ST INTA 

2ND INTA 

3RD INTA 

D7 Dg D5 Dq D3 D2 D~ DO 

1 0 0 0 

A7 A6 0 ~ 0 0 0 0 

A75 A14 A13 A72 A11 A10 Ag Ag 

.CALL CODE 

LOWER ROUTINE 
ADDRESS (FROM 
FIGURE 41 

HIGHER ROUTINE 
ADDRESS 

µPD8259-5 (CONY.) 

INITIALIZATION 
COMMAND WORDS 

1 and 2 (ICW1 and ICW2) 
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INITIALIZATION COMMAND It is only necessary to program ICW3 when there are multiple µPD8259-5's in the 
WORD 3 (ICW3) OO interrupt array, i.e., S = 0. There are two types of ICW3s. The first is for programming 

the master µPD8259-5. The second is for the slaves. 

1. ICW3-Master µPD8259-5. A "1" is set in Sp-7 for each corresponding slave in the 
interrupt array. The S0-7 bits, together with SP = 1, instructs the cascade buffer/ 
comparator to send the ID of the interrupting slave on the CAS0,1,2 lines. 

2. ICW3-SLAVE µPD8259-51s1. Bits D7-D3 are "don't care" bits and have no effect 
on ICW3. The ID of each slave is programmed by bits D0-2 (IDO 1 2►. Once the 
master µPD8259-5 has sent out the first byte of the CALL sequence, the slave 
devicels) with their SP inputs set to Logic 0, compare their IDs appearing on the 
CAS0,1,2lines through the cascade buffer/comparator. The slave whose ID 
matches the CAS0,1,2 code then issues bytes 2 and 3 of the CALL sequence. 

OPERATIONAL COMMAND Once the µPD8259-5 has been programmed with Initialization Command Words, it can 

WORDS (OCWS) Q now be programmed for the appropriate interrupt algorithm by the Operation 
Command Words. Interrupt algorithms in the µPD8259-5 can be changed at any time 
during program operation by issuing another set of Operation Command Words. The 
following sections describe the various algorithms available and their associated OCWs. 

INTERRUPT MASKS 

The individual Interrupt Request input lines are maskable by setting the corresponding 
bits in the Interrupt Mask Register to a logic "1" through OCW1. The actual masking 
is performed upon the contents of tfie In-Service Register (e.g., if Interrupt Request 
line 3 is to be masked, then only bit 3 of the IMR is set to logic "1." The IMR in turn 
acts upon the contents of the ISR to mask bit 3). Once the µPD8259-5 has acknowledged 
an interrupt, i.e., the µPD8259-5 has sent an INT signal to the processor and the system 
controller has sent it an INTA signal, the interrupt input, although it is masked, will 
inhibit lower priority requests from being acknowledged. There are two means of 
enabling these lower priority interrupt lines. The first is by issuing an End-of•Interrupt 
(EOI) through Operation Command Word 2 (OCW2), thereby resetting the appro- 
priate ISR bit. The second approach is to select the Special Mask Mode through OCW3. 
The Special Mask Mode (SMM) and End-of-Interrupt (EO1) will be described in more 
detail further on. 

FULLY NESTED MODE 

The fully nested mode is the µPD8259-5's basic operating mode. It will operate in this 
mode after the initialization sequence, requiring no Operation Command Words for 
formatting. Priorities are set IRp through IR7 with IRO the highest priority. After the 
interrupt has been acknowledged by the processor and system controller, only higher 
priorities will be serviced. Upon receiving an INTA, the priority resolver determines the 
priority of the interrupt, the corresponding ISR bit is set, and the vector address is 
output to the Data bus. The EOI command resets the corresponding ISR bit at the end 
of its service routine. 

Notes: 01 Reference Figure 2 
Q Reference Figure 3 
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ROTATING PRIORITY MODE COMMANDS 

The two variations of Rotating Priorities are the Auto Rotate and Specific Rotate 
modes. These two modes are typically used to service interrupting devices of equivalent 
priorities. 

1. Auto Rotate Mode 

Programming the Auto Rotate Mode through OCW2 assigns priorities 0-7 to the 
interrupt request input lines. Interrupt line IRp is set to the highest priority and 
IR7 to the lowest. Once an interrupt has been serviced it is automatically 
assigned the lowest priority. That same input must then wait for the devices 
ahead of it to be serviced before it can be acknowledged again. The Auto Rotate 
Mode is selected by programming OCW2 in the following way (refer to Figure 3): 
set Rotate Priority bit "R" to a logic "1"; program EOI to a logic "1" and SEOI 
to a logic "0." The EOI and SEOI commands are discussed further on. The 
following is an example of the Auto Rotate Mode with devices requesting 
interrupts on lines IR2 and IRS. 

Before Interrupts are Serviced: 

In-Service Register 

Priority Status 

Register 

IS7 ISg IS5 ISq IS3 IS2 ISM ISp 

0 0 1 0 0 1 0 0 

IR7 IRg IR5 IRq IR3 IR2 IRt IRp 

Highest 
Priority 

According to the Priority Status Register, I R2 has a higher priority than I R5 and 
will be serviced first 

After Servicing: 

In-Service Register 

Priority Status 
Register 

At the completion of I R2~s service routine the corresponding In-Service Register 
bit, IS2 is reset to "0" by the preprogrammed EOI command. IR2 is then assigned 

the lowest priority level in the Priority Status Register. The µPD8259-5 is now 
ready to service the next highest interrupt, which in this case, is IR5. 

2. Specific Rotate Mode 

The priorities are set by programming the lowest level through OCW2. The 
µPD8259-5 then automatically assigns the highest priority. If, for example, IR3 is 
set to the lowest priority (bits L2, L~, Lp form the binary code of the bottom 
priority level), then IRq will be set to the highest priority. The Specific Rotate 
Mode is selected by programming OCW2 in the following manner: set Rotate 
Priority bit "R" to a logic "1;' program EOI to a logic "0;' SEOI to a logic "1" 
and L2, Lt, Lp to the lowest priority level. If EOI is set to a logic "1," the ISR 
bit defined by L2, L~, Lp is reset. 

IS7 IS6 IS5 ISq IS3 IS2 ISM ISp 

0 0 t 0 0 0 0 0 

IR2 IRt IRp IR7 IRg IR5 IRq IR3 

Highest 
Priority 

OPERATIONAL COMMAND 
WORDS (CONY.) 
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OPERATIONAL COMMAND END-OF-INTERRUPT (EOI) AND SPECIFIC END-OF-INTERRUPT (SEOI) 
WORDS (CONY.) The End-of-Interrupt or Specific End-of• Interrupt command must be issued to reset the 

appropriate In-Service Register bit before the completion of a service routine. Once the 
ISR bit has been reset to logic "0," the µPD8259-5 is ready to service the next interrupt 

Two types of EOIs are available to clear the appropriate ISR bit depending on the 
µPD8259-5's operating mode. 

1. Non-Specific End-of-Interrupt (EOI) 

When operating in interrupt modes where the priority order of the interrupt inputs 
is preserved (e. g., fully nested mode), the particular ISR bit to be reset at the com-
pletion of the service routine can bedetermined. Anon-specific EOI command 
will automatically reset the highest priority ISR bit of those set. The highest 
priority ISR bit must necessarily be the interrupt being serviced and must neces-
sarily be the service subroutine returned from. 

2. Specific End-of-Interrupt (SEOI) 

When operating in interrupt modes where the priority order of the interrupt 
inputs is not preserved (e. g., rotating priority mode) the last serviced interrupt 
level may not be known. In these modes a Specific End-of-Interrupt must be 
issued to clear the ISR bit at the completion of the interrupt service routine. 
The SEOI is programmed by setting the appropriate bits in OCW3 (Figure 2) 
to logic "1"s. Both the EOI and SEOI bits of OCW3 must be set to a logic "t" 
with L2, LI, Lp forming the binary code of the ISR bit to be reset. 

SPECIAL MASK MODE 

Setting up an interrupt mask through the Interrupt Mask Register (refer to Interrupt 
Mask Register section) by setting the appropriate bits in OCW t to a logic "1" will 
inhibit lower priority interrupts from being acknowledged. In applications requiring 
that the lower priorities be enabled while the IMR is set, the Special Mask Mode can be 
used. The SMM is programmed in OCW3 by setting the appropriate bits to a logic "1." 
Once the SMM is set, the µPD8259-5 remains in this mode until it is reset. The Special 
Mask Mode does not affect the higher priority interrupts. 

POLLED MODE 

In the Poll Mode the processor must be instructed to disable its interrupt input (INT). 
Interrupt service is initiated through software by a Poll Command. The Poll Mode is 
programmed by setting the Poll Mode bit in OCW3 (P = 1), during a WR pulse. The 
following RD pulse is then considered as an interrupt acknowledge. If an interrupt 
input is present, that RD pulse sets the appropriate ISR bit and reads the interrupt 
priority level. The Poll Mode is a one-time operation and must be programmed through 
OCW3 before every read. The word strobed onto the Data bus during Poll Mode is of 
the form: 

D7 Dg D5 Dq D3 D2 Dt Dp 

I X X X X W2 WI WO 

where: I = 1 if there is an interrupt requesting service 
= 0 if there are no interrupts 

W2-p forms the binary code of the highest priority 
level of the interrupts requesting service 

The Poll Mode can be used  when an interrupt service routine is common to several 
interrupt inputs. The I NTA sequence is no longer required offering a saving in ROM 
space. The Poll Mode can also be used to expand the number of interrupts beyond 64. 
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The following major registers'status is available to the processor by appropriately READING µPD8259-5 
formatting OCW3 and issuing RD command. STATUS 

INTERRUPT REQUEST REGISTER (8-BITS) 

The Interrupt Request Register stores the interrupt levels awaiting acknowledgement. 

Once it has been acknowledged, the highest priority in-service bit is reset. (Note that 
the Interrupt Mask Register has no effect on the IRR.) A WR command must be issued 

with OCW3 prior to issuing the RD command. The bits which determine whether the 

IRR and ISR are being read from are RIS and ERIS. To read contents of the IRR, ERIS 

must be logic "1" and R IS a logic "0." 

IN-SERVICE REGISTER 18-BITS) 

The In-Service Register stores the priorities of the interrupt levels being serviced. 
Assertion of an End-of-Interrupt (EOI) updates the ISR to the next priority level. A 
WR command must be issued with OCW3 prior to issuing the RD command. Both ERIS 
and RIS should be set to a logic "1." 

INTERRUPT MASK REGISTER (8-BITS) 

The Interrupt Mask Register holds mask data modifying interrupt levels. To read the 

IMR status a WR pulse preceding the RD is not necessary. The IMR data is available to 

the data bus when R D is asserted with AO at a logic "1." 

A single OCW3 is sufficient to enable successive status reads providing it is of the same 
register. A status read is over-ridden by the Poll Mode where bits P and ERIS of OCW3 
are set to a logic "1." 

If more than eight interrupt levels are required, multiple µPD8259-5's can be cascaded 
with one master and up to eight slaves, to accommodate up to 64 levels of interrupt. 

As shown in Figure 5, the master device directs the appropriate slave to release its CALL 

address through its three cascade lines (CAS0,1,21. 

The INT output of the slave devices go to the I R inputs of the master device. The 
master µPD8259-5's INT output is connected to the processor's control bus. When the 
slave device signals the master that it has acknowledged an interrupt, the master issues 
an 8080A CALL Op-code at the first INTA pulse. The master then signals that slave 

device (via CAS0,1,2) to issue the appropriate CALL address during the second and 

third INTA pulses. 

The slave address code is present on cascade lines 0,1,2 (active-high logic) from the 

trailing edge of the first INTA to the trailing edge of the third INTA. Each device in the 
µPD8259-5 array must be individually initialized and can be programmed in different 
operating modes. Two End-of-Interrupt commands must be issued for the master and 

its corresponding slave. An address decoder is used to drive the Chip Select inputs for 
each µPD8259-5 in the array. The Slave Program (SP) input must be held at a logic " 

"0" level for each slave device and held at logic "1" level for the master. The SP input 

selects the Cascade lines as either inputs (SP = 0) or outputs (SP = 11. 

CASCADING MULTIPLE 
µPD8259-5's 
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µ PD8259-5 

INITIALIZATION COMMAND 
WORD FORMAT 

ICWI 

ICW ]' 

AO DJ 05 DO DJ D1 DI DD 

0 A] A5 t 0 F 5 0 t = Single uvO0159~5 .n 

interrupt Anev A„oie~ng 
men«essity of oropnm-
ming IC'W!. 

0 •Multiple uPDO]59~5't 
in Arrev. 

C ALL ADDRESS INTERVAL 

t Intervll if 0 

0 = Intryel b 8 

Ap D] D5 05 De DJ OZ DI Dp 

A15 Ai< A 13~ A17 Alt A[0 

AO D] D5 D5 Dd DO D~ 

I C1Y0 ] EG 55 50 Sp 

IMatx Devkel 

Ap D] D5 D5 De DJ D~ 

ICW7- D 0 0 0 0 IDS 
ISleve DevKal 

OPERATION COMMAND AD
WORD FORMAT OCWt. 

OCW] 

OCW3 

D] OS D5 De D3 Dz 

Ag AB 

A ] -5 of Lower Routine 
AOtraf 

DI DO 

St 

Upp« Routine 
AdJress 

Dt Dp 

1 Dt IDD 

1 = IR Input kaf a Steve 
0 - IR Input doa not 

nave a Slrve 

SLAVEID 

0 1 1 0 e 5 6 ] 

FIGURE 2 

D Dp 

1 M] 5 M+ MO M 0 

Ap 

p 
0 
0 

[ 

0 
0 

0 

0 0 

0 
0 
[ 
0 
1 

0 

D] D5 D5 Dq DJ 02 Dt DO 

0 SEO EOI 0 0 L7 L[ LO 

1 - Conefponainq I>:t in 
IRR if mas keo. 

0 No mxk preu nt for 
me corr espontling 
IRR bit. 

B INA Rv LEVEL TO BE RESET 

OR PUT INTO LOWEST PRIORITY 

0 1 g a 5 6 
0 1 0 0 1 0 1 

0 0 t 1 0 0 1 1 

0 0 0 0 1 1 1 

NON~SPECIF IC END OF INTERP UPT 
1 = Raut Inc Hpkrt Priority 

Bit o115R 
0 • No Action 

SPECIFIC END OF INTERRUPT 
I LZ.LbLpBinanpwe 
0 • No Action 

AO D] 

ROTATE PRIORITY 
1 Ratxe 
0 • Nd Rouu 

D6 05 De DJ D~ Ot Dp 

ESMM SMM 0 ERIS ~ RIS 

I Y ~ Retl In~Srviq Rpiner 

0 0 No Action 

No Action 

0 RW IR Rey on 

Nwt RD Pula 

Reetl IS Rey on 
NwtAD Pww 

vdling 

Reee Binry Cod o/ 

M iyret LMI Requ rt ing 
I ntarupt en Nee[ RD Pulw 

No Action 

FIGURE 3 

I $pciel Mak MOW 

NO Action 

No Action 

Reed $p«iel Mak 

Lt SppiN Mefk 
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N, PD8259-5 

Ap Oq Og 

OCWf 1 X X M7-MO IMR (Interrupt Mask Register) WR loads IMR data while 
DR  reads status 

O(.1N2 0 0 0 R SEOI EOI 

0 0 0 No Action 

0 0 1 Nor~Specific Endoi-Interrupt 

0 1 0 No Action 

0 1 1 Specific-Endof-Interrupt L2, Lt, LO forms binary repreuntation 
of IevN to be reset. 

1 0 0 No Action 

1 0 1 Rotate Priority at Endof-Interrupt (Auto Motk) 

1 1 0 Rotate Priority, L2, Lf, LO specifies bottom priority without 
End-of-Interrupt 

1 1 1 Rotate Priority at Endof-Interrupt (Specific Model. L2, L1, LO 
specifies bottom priority, and its In-Service Register bit is reset. 

OCW3 0 0 1 ESMM SMM 

0 0 
Special Mask not affected 

0 1 

1 0 Reset Special Mask 

1 1 Set Special Mask 

ERIS RIS 

0 0 
No Action 

0 1 

1 0 Rmd IR Register Status 

1 1 Read IS Register Status 

INTERVAL-4 INTERVAL=6 

~D7 D6 D5 Dq D3 D2 D1 DO D7 D5 D5 Dq D3 D2 D1 DO IR7 A7 A6 A5 1 1 1 0 0 A7 AG 1 1 1 0 0 0 

IRg A7 A5 A5 1 1 0 0 0 A7 A6 1 1 0 0 0 0 

IR5 A7 A6 A5 1 0 1 0 0 A7 A5 1 0 1 0 0 0 

IRq A7 A5 A5 1 0 0 0 0 A7 A6 1 0 0 0 0 0 

IRg A7 A5 A5 0 1 1 0 0 A7 A5 0 1 1 0 0 0 

IR2 A7 A6 A5 0 1 0 0 0 A7 Ag 0 1 0 0 0 0 

IR1 A7 A5 A5 0 0 1 0 0 A7 A6 0 0 1 0 0 0 

IRp A7 A6 A5 0 0 0 0 0 A7 A6 0 0 0 0 0 0 

FIGURE 4 

Nob: Insure that the processor's interrupt input is disabled during the execution of any control command 
and initialization sequence for all µPD82593's. 

SUMMARY OF OPERATION 
COMMAND WORD 
PROGRAMMING 

LOWER MEMORY 
INTERRUPT VECTOR 
ADDRESS 
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CASCADING THE µPD8259-5 ft PD8259-5 

PROCESSOR ADDRESS BUS 1161 1 

1 vROCESSOR CONTROL BUS 

P,EG 

~J 

vROCE550R DATA BU5161 

!—

v 

~~ 

v 
cs 

µPD8259-5 
cas o 

(SLAVE T1 CAS 1 

Ca51 

SP IR IR IP IR IR IR 

GND 

■ 

2t 70 19 `B 1] 16 t5 to 

INSTRUCTION SET 

1 
n
cs 

v v
cas a 

CA51 

CA52 

P IR IR IR IR IR IR 

µPD8259-5 
(SLAVE 11 ~t 

GND 

1 

1J 12 tt tG 9 

v
cs Ao

c Aso 

c Asp 

CAS Z 

SP IR IR IR iR IP. IR IH lR 

v
µPD8259-5 

fMA5TER1 

T 

yCC 

3 2 t 0 

Instractipn 

Number Mnemonic Ap D7 O6 D5 Dq D3 D2 Dt Op Operation Description 

1 ICW1 A 0 A7 A6 A5 1 0 1 1 0 Byte 1 Ini[lalizanon, 
Forma[ = d, Single 

2 ICW1 B 0 A7 Ag A5 1 0 1 0 0 Byte 1 Initial ization, 
Format = d, NOt Single 

3 IC1N7 C 0 A7 A6 A5 1 0 0 1 0 Byte 1 Initial'zation, 
Format = 8, Single 

d ICW1 D 0 A7 A6 A5 1 0 0 0 0 Byte 1 Initialization, 
Format = 8, Not Single 

5 ICW2 / A75 A1d A13 Al2 Att A10 Ag Ag Byte 2lnitialization 
(Address No. 21 

6 ICW3 M 1 S7 S6 S5 Sq S3 52 Si SO Byte 2lnitiallzation —
MASTER 

7 ICW3 5 1 0 0 0 0 0 Sy Si Sp Byte 3lnitlal ization—
SLAVE 

8 DCWt 1 M7 M6 M5 Mq M3 M2 Mt Mp Load Mask Register, 
Read Mask Register 

9 OCW2 E 0 0 0 1 0 0 0 0 0 Non-Specific EOI 

10 DCW2 SE 0 0 7 1 0 0 L2 L1 Lp Specific EOI, L2, Lt, Lp 
Code of IS to be Reset 

71 OCW2 RE 0 1 0 1 0 0 0 0 0 Rotate at EOI 
(Auto Model 

12 OCW2 RSE 0 1 1 t 0 0 L2 L1 Lp Rotate at EOl ISpecif is Model. 
L2, L1, Lp Code of Line to be 
Reset antl Selected as Bottom 
Priority. 

13 OCW2 RS 0 t 1 0 0 0 L2 Lt Lp Ly Lt. Lp —Code of Bottom 
Priority Lira. 

74 OCW3 P 0 — 0 0 0 1 1 0 0 Pdl Mode 

15 OCW3 RIS 0 — 0 0 0 1 0 1 7 Read 18 Register 

i6 OCW3 RR 0 — 0 0 0 1 0 1 0 Read Requests Reyizter 

17 OCW3 SM 0 — 7 1 0 1 0 0 0 Set Special Mask Mode 

18 OCW3 RSM 0 — 1 0 0 1 0 0 0 Reset Special Mask Mode 

Nop: Insu a that the processor's interrupt input is disabled during the execution of any control command 

and initialization seQuence for all µPD8259-5's. 
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ft PD8259-5 

C hF y If D 
 E 

A 

B 
L, I 

~~~~'o 
 E 

~~ ~l .~^~ 

K 
L 

M 

0°-15°

(Plastic) 

ITEM MIILIMETE RS INCHES 

A 38.0 MAX. 1 /96 MAX. 

6 249 0.098 

C 2.54 0.10 

o ns:o.1 o.oz_o.aa 
E 33.02 1.3 

F 1.5 0.059 

G 2.51 MIN. 0.10 MIN. 

N 0.5 MiN. 0.02 MIN. 

I 5.22 MA%. 0.205 MAX. 

J 5.]2 MAX. O.IIS MA%. 

K iS.N 0.6 

L 13.2 0.52 

M 0.25 ~ 
0.05 

0.01 ~ U.002 

 K 
 L  

~~-~- M 0-10°

(Ceramic) 
ITEM MILLIMETERS INCHES 

A 36.2 MA%. 1 43 MAX. 
8 1.59 MA%, 0.06 MAX. 
C 2.54 ± 0.1 0.1 ± 0.004 
D 0.46 ± 0.01 0.02 ± 0.004 
E 33.02±0.1 1,3!0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13 MIN. 
H 1.0 MIN. 0.04 MIN. 
I 3.5 MAX. 0.14 MA%. 
J 4,5 MAX. 0.18 MA%. 
K 15.24 TVP. 0.6 TVP. 
L 14.93 TVP. 0.59 TVP. 
M 0.25 ± 0.05 0.01 ± 0.002 

PACKAGE OUTLINE 

µPD8259-5C 

µPD8259-5D 

8259 DS R E V 1-10-80-CAT 
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NEC Microcomputers, Inc. 
NBC 

µPD8259A 
µPD8259A-2 

PROGRAMMABLE INTERRUPT CONTROLLER 

DESCRIPTION The NEC µPD8259A is a programmable interrupt controller directly compatible with 
the 8080A/8085A/8086/8088 microprocessors. It can service eight levels of interrupts 
and contains on-chip logic to expand interrupt capabilities up to 64 levels with the 
addition of other µPD8259As. The user is offered a selection of priority algorithms to 
tailor the priority processing to meet his system requirements. These can be dynami-
cally modified during operation, expanding the versatility of the system. 

The µPD8259A is completely upward compatible with the µPD8259-5, so software 
written for the µPD8259-5 will run on the µPD8259A. 

FEATURES • Eight Level Priority Controller 
• Programmable Base Vector Address 
• Expandable to 64 Levels 
• Programmable Interrupt Modes (Algorithms) 
• Individual Request Mask Capability 
• Single +5V Supply (No Clocks) 
• Full Compatibility with 8080A/8085A/8086/8088 
• Available in 28 Pin Plastic and Ceramic Packages 

PIN CONFIGURATION cs 

WR 

RD 

D~ 

Dg 

D5 

Dq 

Dg 

D2 

Dt 

DO 

C ASO 

CAST 

GND 

8 

9 

10 

11 

12 

13 

14 

8259A 

25 

24 

23 

42 

21 

20 

19 

18 

17 

~cc 
AO 

INTA 

IR7 

IR6 

IR5 

IR4 

IR3 

IR2 

IR 1 

IRO 

INT 

PS /EN 
CAS 2 

PIN NAMES 

D7 — DO Data Bus (Bi-Directional) 

RD Read Input 

~W Write Input 

AO Command Select Address 

CAS2 — CASO Cascade Lines 

SP/EN 
Slave Program Input / 
Enable Buffer 

INT Interrupt Output 

INTA Interrupt Acknowledge Input 

IRO —IR7 Interrupt Request Inputs 

Chip Select 
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N, PD8259A 

BLOCK DIAGRAM 

. 1 ~ 

~'OP 

D~ DO 

1 

~. 

SERviCE UEBiT
RF

fIPR1
ER

aC O 

REnO 
_ C R 

WOGiC 

_ 

COn7PaRgRiOB 

CnSG CgS1 
SP Cast 

1 

INi ER RUPT MASK REGISTER IIMPt 

CESSOR P CESSOR PROCESSOR 

PgODRE55 
IN TERNgL 

CONTROL 
OR 

BUS 
BUS BUS S ' 

BLgVE 
PPOGRgM CqE q 
ENABLE IiNES E
BUFFED 

Operating Temperature  0°C to+70°C ABSOLUTE MAXIMUM 
Storage Temperature   —65°C to +150°C RATINGS*

Voltage on Any Pin   —0.5 to +7 Volts 
Power Dissipation   1W 

Note: O1  With respect to ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

642 



µPD8259A 
DC CHARACTERISTICS Ta = 0°C to 70°C; VCC =+5V ± 10% 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage V IH 2.0 VCC+0.5V V 

Output Low Voltage VpL 0.45 V IOL = 2 mA 

Output High Voltage VOI.{ 2.4 V 101.{ _ -400µA 

Interrupt Output- 

High Voltage 

VOH-INT 24 V IOH = -400µA 

3.5 V IOH=-50µA 

Input Leakage Current 

for IR0.7 
IIL I IR I 

07 
-300 µA VIN = OV 

10 µA VIN =VCC 

Input Leakage Current 

for other Inputs 

IIL 10 µA VIN =VCC to OV 

Output Leakage Current ILOL - 10 µA VOUT = 0.45 V 

Output Leakage Current ILOH 10 µA VOUT = VCC 

VCC Supply Current ICC 100 mA 

CAPACITANCE Ta = 25°C; VCC= GND= OV 

PARAMETER SYMBOL 

LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

.Input Capacitance CIN 10 pF fc = 1 MHz 

Unmeasured Pins 
Returned to VSS 

I/O Capacitance Cl/p 20 pF 

AC CHARACTERISTICS Ta=o°ct°~o°c;vCD=5vn10%IµPD6259A) 

PARAMETER SYMBOL 

µPD8258A µPD8259A~2 

UNIT 
TEST 

CONDITIONS MIN MAX MIN MAX 

AO/CS Setup to RD/INTAl _ LgFIRL 0 0 ns 

AO/CS Hold after RD/INTAt tRHAX 0 0 ns 

RD Pulse Width tR LRH 235 160 ns 

AOlCS Setup to WR1 tq FIWL 0 0 ns 

AO/CS Hold after WR1 tyyHAX 0 0 n5 

WR Pulse Width tyy LyyH 290 190 ns 

Data Setup to WRt tDVWH 240 160 ns 

Data Hold after WRt tyyHDX 0 0 ns 

Interrupt Request Width (Low) tJLJFi 100 100 ns O 

Cascade Setup to Second or Third 
NI TAl ISIave Onlyl tCV1AL 55 40 ns 

End of RD to Next Command tRHRL 160 160 ns 

End of WR to Next Commantl tyyHRL 190 190 ns 

Note: 01  This is the low time required to clear the input latch in the edge vi9gered mode. 

PARAMETER SYMBOL 

µPD8259A µPD8259A-2 

UNIT 
TEST 

CONDITIONS MIN MAX MIN MAX 

Data Valitl from RD/INTA1 tR LDV 200 120 ns C of Data Bus - 100 pF 

C of Data Bus 
Max Test C = 100 pF 
Min TestC=t5 pF 

CINT = 200 GF 

CCASCADE'2~PF 

Data Float after FD/INTAt tRHDZ 200 65 ns 

Interrupt Output Delay tJFI1 Fl 350 300 ns 

Cascade Valid from First INTAl 
(Master Onlyl tIAHCV 565 360 

_ 
ns 

Enable Active from RDl or INTA! tRLEL 225 200 ns 

Enable Inactive from RDt or NI TAt tRHEH 150 250 ns 

Data Valid from Stable Address tgHDV 200 200 ns 

Cascade Valid to Valid Data 2CVDV 300 200 ns 
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µPD8259A 

INTERRUPT REQUEST REGISTER (IRR) AND IN-SERVICE REGISTER (ISR) FUNCTIONAL 

The interrupt request register and in-service register store the in-coming interrupt DESCRIPTION 

request signals appearing on the IRO-7 lines (refer to functional block diagraml. The 
inputs requesting service are stored in the IRR while the interrupts actually being 
serviced are stored in the ISR. 

A positive transition on an IR input sets the corresponding bit in the Interrupt Request 
Register, and at the same time the INT output of the µPD8259 is set high. The IR input 
line must remain high until the first INTA input has been received. Multiple, non-
masked interrupts occurring simultaneously can be stored in the IRR. The incoming 
INTA sets the appropriate ISR bit (determined by the programmed interrupt algorithm) 
and resets the corresponding IRR bit. The ISR bit stays high-active during the interrupt 
service subroutine until it is reset by the programmed End-of-Interrupt (EOI) command. 

PRIORITY RESOLVER 

The priority resolver decides the priority of the interrupt levels in the IRR. When the 
highest priority interrupt is determined it is loaded into the appropriate bit of the 
In-Service register by the first INTA pulse. 

DATA BUS BUFFER 

The 3-state, 8-bit, bi-directional data bus buffer interfaces the µPD8259 to the 
processor's system bus. It buffers the Control Word and Status Data transfers between 
the µPD8259 and the processor bus. 

READNVRITE LOGIC 

The read/write logic accepts processor data and stores it in its Initialization Command 
Word (ICW) and Operation Command Word (OCW) registers. It also controls the 
transfer of the Status Data to the processor's data bus. 

CHIP SELECT ICSI 

The µPD8259 is enabled when an active-low signal is received at this input. Reading 
or writing of the µPD8259 is inhibited when it is not selected. 

WRITE (WR) 

This active-low signal instructs the µPD8259 to receive Command Data from the 
processor. 

READ (RD) 

When an active-low signal is received on the RD input, the status of the Interrupt 
Request Register, In-Service Register, Interrupt Mask Register or binary code of the 
Interrupt Level is placed on the data bus. 

INTERRUPT (INT) 

The interrupt output from the µPD8259 is directly connected to the processor's INT 
input. The voltage levels of this output are compatible with the 8080A/8085A/ 
8086/8088. 

INTERRUPT MASK REGISTER (IMR) 

The interrupt mask register stores the bits for the individual interrupt bits to be masked. 
The IMR masks the data in the ISR. Lower priority lines are not affected by masking a 
higher priority line. 



µPD8259A 

FUNCTIONAL INTERRUPT ACKNOWLEDGE (INTA) 

DESCRIPTION —
(CONT.) INTA pulses cause the µPD8259A to put vectoring information on tiie bus. The num-

ber of pulses depends upon whether the µPD8259A is in µPD8085A mode or 8086/ 

8088 mode. 

Ap 

AO is usually connected to the processor's address bus. Together with WR and RD 
signals it directs the loading of data into the command register or the reading of 
status data. The following table illustrates the basic operations performed. Note that 
it is divided into three functions: Input, Output and Bus Disable distinguished by the 
RD, WR, and CS inputs. 

µPD8259A BASIC OPERATION 

Ap D4 D3 RD WR CS PROCESSOR INPUT OPERATION (READ) 

0 0 1 0 IRR, ISR or IR ~ Data Bus 
1 0 1 0 IMR -> Data Bus 

PROCESSOR OUTPUT OPERATION (WRITE) 

0 0 

o
 
~
 
X
 
X
 

1 0 0 Data Bus -~ OCW2 

0 0 1 0 0 Data Bus -> OCW3 

0 1 1 0 0 Data Bus - > ICW1 

1 X 1 0 0 Data Bus - > OCW1, ICW2, ICW3 

DISABLE FUNCTION 

X X X 1 1 0 Data Bus ~ 3-State 

X X X X X 1 Data Bus -~ 3-State 

Notes: Q1  The contents of OCW2 written prior to the READ operation governs the 
selection of the IRR, ISR or Interrupt Level. 

© The sequencer logic on the µPD8259A aligns these commands in the 
proper order. 

CASCADE BUFFER/COMPARATOR. (For Use in Multiple µPD8259 Array.l 

The ID's of all µPD8259A's are buffered and compared in the cascade buffer/com-

parator. The master µPD8259A sends the ID of the interrupting slave device along 
the CASO, 1, 2 I Ines to all slave devices. The cascade buffer/comparator compares its 
preprogrammed ID to the CASO, 1, 2 lines. The next two INTA pulses strobe the pre-
programmed, 2 byte CALL routine address onto the data bus from the slave whose ID 

matches the code on the CASO, 1, 2 lines. 

SLAVE PROGRAM (SP►. (For Use in Multiple µPD8259A Array.) 

The interrupt capability can be expanded to 64 levels by cascading multipleµPD8259A's 
in amaster-plus-slaves array. The master controls the slaves through the CASO, t, 2 
lines. The SP input to the device selects the CASO.2 lines as either outputs (SP=1) for 
the master or as inputs (SP=O) for the slaves. For one device only the SP must be set 
to a logic "1" since it is functioning as a master. 
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ft PD8259A 

WR 

2.a 

0.45 

INPUT WAVEFORMS FOR AC TESTS 

2.0 
TEST POINTS 

O.R 0.8 

WRITE MODE 

CS 

ADDRESS BUS 

Ap 

DATA BUS 

RD~INTA 

EN 

CS 

LW LWH 

LAHWL 

READ/INTA MODE 

RLRH 

LWHAX 

r-~DVWH NYMDX 

ADDRESS BUS 

AO 

DATA BUS-

DR /INTA 

WR 

\ ~-~R LEL 

t-LAHRL 

~- LR LDV 

 ~AHDV 

~RHEH 

~- tRHAX 

~RHDZ 

OTHER TIMING 

LRHRL 

NJHRL 

AC CHARACTERISTICS 
(CONY.) 

TIMING 
WAVEFORMS 
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µPD8259A 

TIMING WAVEFORMS 
(CONY,) 

DETAILED OPERATIONAL 
DESCRIPTION 

IR 

INT 

INTA 

DB 

CO 2 

tJLJH 

 I 

~ LJHIH 

INTA SEQUENCE 

tCVIAL~ 

TCVDV -~ 

~ O

-- LIALCV --

The sequence used by the µPD8259A to handle an interrupt depends upon whether 
an 8080A/8085A or 8086/8088 CPU is being used. 

The following sequence applies to 8080A/8085A systems: 

The µPD8259A derives its versatility from programmable interrupt modes and the 
ability to jump to any memory address through programmable CALL instructions. The 
following sequence demonstrates how the µPD8259A interacts with the processor. 

1. An interrupt or interrupts appearing on I R0-7 sets the corresponding I R bills) 
high. This in turn sets the corresponding IRR bills) high. 

2. Once the I R R bills) has been set, the µPD8259A will resolve the priorities 
according to the preprogrammed interrupt algorithm. It then issues an INT signal 
to the processor. 

3. The processor group issues an INTA to the µPD8259A when it receives the INT. 

4. The INTA input to the µPD8259A from the processor group sets the highest 
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the 
µPD8259A to issue an 8-bit CALL instruction op-code (11001101) onto its Data 
bus lines. 

5. The CALL instruction code instructs the processor group to issue two more 
INTA pulses to the µPD8259A. 

6. The two INTA pulses signal the µPD8259A to place its preprogrammed interrupt 
vector address onto the Data bus. The first INTA releases the low-order 8-bits 
of the address and the second INTA releases the high-order 8-bits. 

7, The µPD8259A's CALL instruction sequence is complete. A preprogrammed 
EOI (End-of-Interrupt) command is issued to the µPD8259A at the end of an 
interrupt service routine to reset the ISR bit and allow the µPD8259A to service 
the next interrupt. 

For 8086/8088 systems the first three steps are the same as described above, then the 
following sequence occurs: 

4. During the first INTA from the processor, the µPD8259A does not drive the 
data bus. The highest priority ISR bit is set and the corresponding IRR bit is 
reset. 

5. The µPD8259A puts vector onto the data bus on the second INTA pulse from 
the 8086/8088. 

6. There is no third INTA pulse in this mode. In the AEOI mode the ISR bit is 
reset at the end of the second INTA pulse, or it remains set until an EOI com-
mand is issued. 
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ft PD8259A 

8080A/8085A MODE 

For these processors, the µPD8259A is controlled by three INTA pulses. The first 

INTA pulse will cause the µPD8259A to put the CALL op-code onto the data bus. The 

second and third INTA pulses will cause the upper and lower address of the interrupt 

vector to be released on the bus. 

CALL CODE 

w D6 os a Ds D2 Dt DD 

1 0 0 0 1 

IR IntN1n1.1 

D7 M DS W DJ D2 07 DO 

7 A7 AB AS 1 1 1 0 0 

8 A7 AB A5 1 1 0 0 0 

S A7 AB A5 / 0 1 0 0 

/ A7 AB A5 i 0 0 0 0 

3 A7 A6 A5 0 t 1 0 0 

2 A7 A6 A5 0 1 0 0 0 

t A7 A6 A5 0 0 1 0 0 

0 A7 A6 AS 0 0 0 0 0 

IR InUrvd = 6 

D7 D6 OS DI D3 02 D1 DO 

7 A7 A6 1 1 t 0 0 0 

6 A7 A6 1 1 0 0 0 0 

5 A7 A6 1 0 1 0 0 0 

~ AI A6 1 0 0 0 0 0 

3 A7 A6 0 1 1 0 0 0 

2 A7 A6 0 1 0 0 0 0 

1 A7 A6 0 0 1 0 0 0 

0 A7 A6 0 0 0 0 0 0 

D7 D6 DS W D] 02 D1 DO 

A75 I A11 A13 Al2 A11 I A10 A9 A8 

In this mode only two INTA pulses are sent to the µPD8259A. After the first INTA 

pulse, the µPD8259A does not output a CALL but internally sets priority resolution. 
If it is a master, it sets the cascade lines. The interrupt vector is output to the data bus 
on the second INTA pulse. 

D7 D6 D5 D4 LT3 D2 D1 DO 

IR7 T7 T6 T5 T4 T3 1 1 1 

IR6 T7 T6 T5 T4 T3 1 1 0 

IR5 T7 T6 T5 T4 T3 1 0 1 

IR4 T7 T6 T5 T4 T3 1 0 0 

IR3 T7 T6 T5 T4 T3 0 1 1 

IR2 T7 T6 T5 T4 T3 0 1 0 

IR1 T7 T6 T5 T4 T3 0 0 1 

IRO T7 T6 T5 T4 T3 0 0 0 

INTERRUPT 
SEQUENCE 

FIRST INTA 

SECOND INTA 

THIRD INTA 



µPD8259A 

INITIALIZATION ICW1 AND ICW2 
COMMAND WORDS 

A5-AIS. Page starting address of service routines. In an 8085A system, the 8 request 
levels generate CALLS to 8 locations equally spaced in memory. These can be pro-
grammed to be spaced at intervals of 4 or 8 memory locations, thus the 8 routines 
occupy a page of 32 or 64 bytes, respectively. 

The address format is 2 bytes long (Ap•A75). When the routine interval is 4, Ap-Aq are 
automatically inserted by the µPD8259A, while A5-AI5 are programmed externally. 
When the routine interval is 8, AO-A5 are automatically inserted by the µPD8259A, 
while Ag-A15 are programmed externally. 

The 8-byte interval maintains compatibility with current software, while the 4-byte 
interval is best for a compact jump table. 

In an MCS-86 system, T7-T3 are inserted in the five most significant bits of the vector-
ing byte and the µPD8259A sets the three least significant bits according to the inter-
ruptlevel. A10-A5are ignored and ADI (Address Interval) has no effect. 

LTIM: If LTIM = 1, then the µPD8259A operates in the level interrupt mode. 
Edge detect logic on the interrupt inputs is disabled. 

ADI: CALL address interval. ADI = 1 then interval = 4; ADI = 0 then 
interval = 8. 

SNGL: Single. Means that this is the only µPD8259A in the system. If SNGL = 

t no ICW3 is issued. 

IC4: If this bit is set —ICW4 has to be read. If ICW4 is not needed, set 
IC4=0. 

ICW3 

This word is read only when there is more than one µPD8259A in the system and cas-
cading is used, in which case SNGL = 0. It will load the 8•bit slave register. The func-
tions of this register are: 

a. In the master mode (either when SP = 1, or in buffered mode when M/S = 1 in 
ICW4) a "1" is set for each slave in the system. The master then releases 
byte 1 of the call sequence (for 8085A system) and enables the correspond-

ing slave to release bytes 2 and 3 (for 8086/8088 only byte 21 through the 
cascade lines. 

b. In the slave mode (either when SP = 0, or if BUF = 1 and M/S = 0 in ICW4) 
bits 2-0 identify the slave. The slave compares its cascade input with these bits 
and if they are equal, bytes 2 and 3 of the CALL sequence (or just byte 2 for 
8086/8088) are released by it on the Data Bus. 

ICW4 

SFNM: If SFNM = 1 the special fully nested mode is programmed. 
BUF: If BUF = 1 the buffered mode is programmed. In buffered mode SP/EN 

becomes an enable output and the master/slave determination is by 
M/S. 

M/S: If buffered mode is selected: M/S = 1 means the µPD8259A is pro-
grammed to be a master, M/S = 0 means the µPD8259A is programmed 
to be a slave. If BUF = 0, M/S has no function. 

AEOI If AEOI = 1 the automatic end of interrupt mode is programmed. 
µPM: Microprocessor mode: µPM = 0 sets the µPD8259A for 8085A system 

operation, µPM = 1 sets the µPD8259A for 8086 system operation. 
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µ PD8259A 

INITIALIZATION 
Ao o~ a w a oa m o+ oo SEQUENCE 

level I o A7 A/ Aa ~nr ADI sYo~ ICI 

1 A15/i7 A14/T6 A13/T5 Al ~/T4 A11/T3 A10 A9 M I ICWa 

47 8• 8a $a 62/102 51/101 SO/IDO (ICW7 

0 0 SFMY SUF AEOI y►al 

R EADV TO ACCEPT INTERRUPTS 

ICW~ 
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µPD8259A 

OPPERATIONAL COMMAND 
WORDS (OCW's) n 

Once the µPD8259A has been programmed with Initialization Command Words, 
it can be programmed for the appropriate interrupt algorithm by the Operation 

Command Words. Interrupt algorithms in the µPD8259A can be changed at any time 
during program operation by issuing another set of Operation Command Words. The 
following sections describe the various algorithms available and their associated OCWs. 

INTERRUPT MASKS 

The individual Interrupt Request input lines are maskable by setting the corresponding 
bits in the Interrupt Mask Register to a logic "1" through OCW 1. The actual masking 
is performed upon the contents of the In-Service Register (e.g., if Interrupt Request 
line 3 is to be masked, then only bit 3 of the IMR is set to logic "1." The IMR in turn 
acts upon the contents of the ISR to mask bit 3). Once the µPD8259A has acknowledged 
an interrupt, i.e., the µPD8259A has sent an INT signal to the processor and the system 
controller has sent it an INTA signal, the interrupt input, although it is masked, 
inhibits lower priority requests from being acknowledged. There are two means of 
enabling these lower priority interrupt lines. The first is by issuing an End-of-Interrupt 
(EOI) through Operation Command Word 2 (OCW2), thereby resetting the appro- 
priate ISR bit. The second approach is to select the Special Mask Mode through OCW3. 
The Special Mask Mode (SMM) and End-of-Interrupt (EOI) will be described in more 
detail further on. 

FULLY NESTED MODE 

The fully nested mode is the µPD8259A's basic operating mode. It will operate in this 
mode after the initialization sequence, without requiring Operation Command Words 
for formatting. Priorities are set I Rp through I R7, with I Rp the highest priority. After 
the interrupt has been acknowledged by the processor and system controller, only 
higher priorities will be serviced. Upon receiving an INTA, the priority resolver 
determines the priority of the interrupt, sets the corresponding IR bit, and outputs the 
vector address to the Data bus. The EOI command resets the corresponding ISR bits at 
the end of its service routines. 

Notes: Q Reference Figure 2 
[~ Reference Figure 3 
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µPD8259A 

The two variations of Rotating Priorities are the Auto Rotate and Specific Rotate 

modes. These two modes are typically used to service interrupting devices of equivalent 

priorities. 

1. Auto Rotate Mode 

Programming the Auto Rotate Mode through OCW2 assigns priorities 0.7 to the 

interrupt request input lines. Interrupt line IRp is set to the highest priority and 

I R7 to the lowest. Once an interrupt has been serviced it is automatically 

assigned the lowest priority. That same input must then wait for the devices 
ahead of it to be serviced before it can be acknowledged again. The Auto Rotate 
Mode is selected by programming OCW2 in the following way (refer to Figure 3): 
set Rotate Priority bit "R" to a logic "1"; program EOI to a logic "1" and SEOI 
to a logic "0." The EOI and SEOI commands are discussed further on. The 
following is an example of the Auto Rotate Mode with devices requesting 

interrupts on lines IR2 and IRS. 

Before Interrupts are Serviced: 

In-Service Register 

Priority Status 

Register 

IS7 ISg IS5 ISq IS3 IS2 ISM ISO 

0 0 1 0 0 t 0 0 

IR7 IRg IR5 IRq IR3 IR2 IRS IRO 

Highest 
Priority 

According to the Priority Status Register, IR2 has a higher priority than IR5 and 
will be serviced first 

After Servicing: 

In-Service Register 

Priority Status 
Register 

At the completion of IR2~s service routine the corresponding In-Service Register 

bit, IS2 is reset to "0" by the preprogrammed EOI command. IR2 is then assigned 

the lowest priority level in the Priority Status Register. The µPD8259A is now 
ready to service the next highest interrupt, which in this case, is IR5. 

2. Specific Rotate Mode 

The priorities are set by programming the lowest level through OCW2. The 
µPD8259A then automatically assigns the highest priority. If, for example, I R3 is 
set to the lowest priority (bits L2, Lt, LO form the binary code of the bottom 
priority level), then IRq will be set to the highest priority. The Specific Rotate 
Mode is selected by programming OCW2 in the following manner: set Rotate 
Priority bit "R" to a logic "t;' program EOI to a logic "0," SEOI to a logic "1" 
and L2, L~, LO to the lowest priority level. If E01 is set to a logic "t," the ISR 
bit defined by L2, L~, LO is reset. 

IS7 ISg IS5 ISq ISg IS2 ISM ISO 

0 0 1 0 0 ' 0 0 0 

IR2 IRt IRO IR7 IRg IR5 IRq IR3 

Highest 
Priority 

ROTATING PRIORITY MODE COMMANDS OPERATIONAL COMMAND 
WORDS (CONY.) 
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µPD8259A 

OPERATIONAL COMMAND END-OF-INTERRUPT IEOII AND SPECIFIC END•OF-INTERRUPT (SEOI) 
WORDS (CONY.) The End-of•Interru t or p Specific End-of-Interrupt command must be issued to reset the 

appropriate In-service Register bit before the completion of a service routine. Once the 
ISR bit has been reset to logic "0," the µPD8259A is ready to service the next interrupt. 

Two types of EOIs are available to clear the appropriate ISR bit depending on the 
µPD8259A's operating mode. 

1. Non-Specific End-of-Interrupt (EOI) 

When operating in interrupt modes where the priority order of the interrupt inputs 
is preserved (e.g., fully nested mode), the particular ISR bit to be reset at the com-
pletion of the service routine can be determined. Anon-specific EOI command 
automatically resets the highest priority ISR bit of those set. The highest 
priority ISR bit must necessarily be the interrupt being serviced and must neces-
sarily be the service subroutine returned from. 

2. Specific End-of-Interrupt (SEOI) 
When operating in interrupt modes where the priority order of the interrupt 
inputs is not preserved (e.g., rotating priori*.y mode) the last serviced interrupt 
level may not be known. In these modes a Specific End-of-Interrupt must be 
issued to clear the ISR bit at the completion of the interrupt service routine. 
The SEOI is programmed by setting the appropriate bits in OCW3 (Figure 21 
to logic "1"s. Both the EOI and SEOI bits of OCW3 must be set to a logic "1" 
with L2, L~, LO forming the binary code of the ISR bit to be reset. 

SPECIAL MASK MODE 

Setting up an interrupt mask through the Interrupt Mask Register (refer to Interrupt 
Mask Register section) by setting the appropriate bits in OCW 1 to a logic "1" 
inhibits lower priority interrupts from being acknowledged. In applications requiring 
that the lower priorities be enabled while the IMR is set, the Special Mask Mode can be 
used. The SMM is programmed in OCW3 by setting the appropriate bits to a logic "1." 
Once the SMM is set, the µPD8259A remains in this mode until it is reset. The Special 
Mask Mode does not affect the higher priority interrupts. 

POLLED MODE 

I~, Poll Mode the processor must be instructed to disable its interrupt input (INT). 
Interrupt service is initiated through software by a Poll Command. Poll Mode is 
programmed by setting the Poll Mode bit in OCW3 IP = 1), during a WR pulse. The 
following RD pulse is then considered as an interrupt acknowledge. If an interrupf 
input is present, that RD pulse sets the appropriate ISR bit and reads the interrupt 
priority level. Poll Mode is a one-time operation and must be programmed through 
OCW3 before every read. The word strobed onto the Data bus during Poll Mode is of 
the form: 

D7 Dg D5 D4 D3 D2 D~ Dp 

I X X X X W2 W~ WO 

where: I = 1 if there is an interrupt requesting service 
= 0 if there are no intertupts 

W2-0 forms the binary code of the highest priority 
level of the interrupts requesting service 

Poll Mode can be used when an interrupt service routine is common to several inter-
rupt inputs. The INTA sequence is no longer required, thus saving in ROM space. 
Poll Mode can also be used to expand the number of interrupts beyond 64. 
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ft PD8259A 

ILMI 

h 0. 4 4 D. DE Dr D, 4 

0 A/ Af 1 ITIM ADI sNGL Ic♦ 
1 ION♦ NEEDf0 
0 • NO ICN♦ Nf EDFD 

I ~ SINGLE 
0 ~ CASCADE MODE 

CALL ADDRESS INTERVAL 

1 •INTERVAL Of ♦ 
0• INTE RV AI Of 

1 ~ LEVEL TRKGGERED MOOE 
0 ~ EDGE TRIGGERED MODE 

IONO 

F`e DI DE g DF D7 DE DI h 
A„/ 

T1 A I/TE AI~Ty AI~ T~ A~TO AI♦ AE

AT -A of INTERRUPT 
VECTOR ADORE99 

cMcs-eo/b MODE ONLr) 

I CIfS Ir ASTER DEVN:EI 

s s, s, s, i 

A l y-//yy OF INTERRUPT 
VECTbfi ADORES9 

(MCSBO~ BS MODE) 
71-T Of INTERRUPT 
VEC>'TOR ADDRESS 
(B08E x8009 MODE) 

IQVS ISIAVE DE VIO[I 

~ DI Da DS D~ DT D= DI Dy

0 0 0 0 0 IDI IDI IDy

ICN♦ 
b D7 Dt Oy D♦ Dy D1 O1 DO 

0 0 0 9FNM Wf M $ AFOI PM 

1 IR IINI/T NAS A SIAVf 
0 IR IN►UT DOES NOT NAVF 

A SLAVE 

SLAVE Ip l' 

0 1 7 7 ♦ S 

J 9 , 9 , 9 1 D 1 

~+ 0 0 1 1 0 0 1 1 

0 0 0 0 1 1 1 1 

aoee / som MODE 
0 • AECS-!0/!6 MOOE 

AUTO fa 
0 •NORMAL. f01 

~0
0 

NON BUF FE RFO MODE 
- BUf FERED MODE/SLAVE 

- OUffERED MOOE/MASTER 

I ~ SPECIAL FULLr NESTED 
MODE 

0 ~ NOT SPECIAL FULIr 
NESTED MODE 

NOTE 1' SLAVE ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT 

INITIALIZATION COMMAND 
WORD FORMAT 

6~ 



READING µPD8259 STATUS 

OPERATION COMMAND 
WORD FORMAT 

/Ic P D8259A 
The following major registers' status is available to the processor by appropriately 
formatting OCW3 and issuing RD command. 

INTERRUPT REQUEST REGISTER 18-BITSI 
The Interrupt Request Register stores the interrupt levels awaiting acknowledgement. 
The highest priority in-service bit is reset once it has been acknowledged. (Note that 
the Interrupt Mask Register has no effect on the IRR.) A WR command must be issued 
with OCW3 prior to issuing the RD command. The bits which determine whether the 
IRR and ISR are being read from are RIS and ERIS. To read contents of the IRR, ERIS 
must be logic "1" and R IS a logic "0." 

IN-SERVICE REGISTER 18-BITSI 
The In-Service Register stores the priorities of the interrupt levels being serviced. 
Assertion of an End-of-Interrupt (E01) updates the ISR to the next priority level. A 
WR command must be issued with OCW3 prior to issuing the RD command. Both ERIS 
and RIS should be set to a logic "1." 

INTERRUPT MASK REGISTER (8-BITSI 

The Interrupt Mask Register holds mask data modifying interrupt levels. To read the 
IMR status a WR pulse preceding the RD is not necessary. The IMR data is available to 
the data bus when RD is asserted with Ap at a logic "1." 

A single OCW3 is sufficient to enable successive status reads providing it is of the same 
register. A status read is over-ridden by the Poll Mode when bits P and ERIS of OCW3 
are set to a logic "1." 

OCwt. 

OCW]' 

OCWO: 

AO D] D6 05 De D3 D~ DI DO

1 M] M6 M5 a MO M~ Mt MO

AD D] D6 D5 Dd D~ DZ Dt Dp 

0 SEOI EOI 0 0 LZ LI b 

1 - Cortetpontlitq Gt in 
IRR is mnkM. 

0 - No mxk present for 
toe corretponditq 
IRR pit. 

BINARY LEVEL TO BE RESET 

OR PUT INTO LOW EST PR IOR ITV 

0 1 x 3 5 6 7 

0 1 0 1 0 i 

0 0 i 1 0 0 1 1 

0 0 0 0 1 1 t 

NOKSP CI IC END OF INTERRUPT 
1 = ReM to NpoM Priority 

Bit of ISR 
0 - No Action 

SPECIFIC END OF INTERRUPT 
t L~, y, LD eite re p,ea 
0 = No Action 

R OTATE PRIOR ITV 
1 ROMte 
0 - Nq ROMN 

D] DG D5 D~ D3 D~ Dt DO 

0 ' - I ESMM I SMM 0 ERIS RIS 

  j ~ RqE In~Servip RpiRer 

0 0 No Actio 

0 ReeO IR R4 on 
Nat NO Pulfe 

Reef IS Rey on 
Na[R6 Pulee 

PdllnE 

ReW Sinery COW of 
NigMet LnM ReauektitN 
Int~nptM Neet RD PUNe 

0 No Acton 

1 r I SIRciN Mpk Mad 

No Aptian 

No Action 

0 RetM 5ps W M~k 

$et $peclel Meek 
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fc PD8259 A INSTRUCTION SET SUMMARY 

SUMMARY OF 6259A INSTRUCTION SET 

Irtat. I Mnetnonk AO D7 D8 DB 01 D3 D2 Dt 00 Operation DeseAptlon 

1 ICW7 A 0 A7 A8 AS 1 0 1 1 0 Format=4, single, edge triggered 

2 ICW1 B 0 A7 A8 AS 1 1 t i 0 Format=a, single, level triggered 

3 ICWI C 0 A7 AB A5 t 0 t 0 0 Byts t Initialization Format=a, not single, etlge triggered 

1 ICWI D 0 A7 A8 AS 1 t i 0 0 Format=4, not single, level triggered 

S ICWI E 0 A7 A8 0 1 0 0 t 0 No ICWI Requlrpd Format=8, single, edge triggered 

8 ICWI F 0 A7 AB 0 t 1 0 1 0 Format=8, single, level triggered 

7 ICW1 G 0 A7 AB 0 7 0 0 0 0 Format=8, not alnple, edps trippend 

8 ICWI N 0 A7 A8 0 1 t 0 0 0 Format=8, not slnple, Iwsl trlppered 

9 ICWI I 0 A7 A8 AS t 0 1 t t Format=I, sinpN, wipe trlppered 

10 ICW7 J 0 A7 A6 AS t 1 1 1 1 Format=l, alnple, level trlppered 

11 ICWI K 0 A7 A8 A5 1 0 1 0 1 Byte 1 Initialization Format=1, not slnple, sdpe trlppered 

12 ICW1 L 0 A7 A8 AS t 1 1 0 t Format=l, not slnple, level trlppered 

73 ICWI M 0 A7 A8 0 t 0 0 t t ICWI Required Format=B, alnple, edge trlppered 

11 ICWI N 0 A7 A8 0 1 1 0 1 1 Format=8, slnple, level trlppered 

15 ICWI 0 0 A7 A6 0 t 0 0 0 t Format=8, not alnple, edge Irippered 

18 ICWI P 0 A7 A6 0 1 1 0 0 1 Format=8, not alnple, level Irippered 

77 ICW2 t At5 A71 A73 Al2 Att A10 A9 A8 Byte 2 initialization 

18 ICW3 M t S7 SB SS SI S3 S2 St SO Byte 3 Initialization — master 

79 ICW3 S 1 0 0 0 0 0 S2 St $0 Byte 3 Initlalizallon — alave 

20 ICWI A 1 0 0 0 0 0 0 0 0 No action, redundant 

21 ICWI B t 0 0 0 0 0 0 0 t Nonbuffered mode, no AEOI, 8086/8088 

22 ICWI C t 0 0 0 0 0 0 t 0 Nonbuffered mode, AEOI, 80/85 

23 ICW4 D t 0 0 0 0 0 0 1 t Nonbuffered mode, AEOI, 8086/8088 
21 ICWI E t 0 0 0 0 0 1 0 0 No action, redundant 
25 ICW4 F t 0 0 0 0 0 1 0 t Nonbuffered mode, no AEOI, 8086/8088 
28 ICWI G 1 0 0 0 0 0 1 1 0 Nonbuffered mode, AEOI, 80/85 
27 ICWI M 1 0 0 0 0 0 1 t t 

Nonbuffered mode, AEOI, 8086/8088 
28 ICWI I t 0 0 0 0 t 0 0 0 

29 ICWI J t 0 0 0 0 1 0 p t Buffered mode, slave, no AEOI, 80/85 

30 ICWI K t 0 0 0 0 1 0 1 0 
Buffered mode, slave, no AEOI, 8086/8088 

31 ICW4 L 1 0 0 0 0 1 0 t t 
Buffered mode, slave, AEOI, 80/85 

32 ICWI M 1 0 0 0 0 1 t 0 0 Buffered mode, slave, AEOI, 8086/8088 

33 ICWI N t 0 0 0 0 t 1 0 t Buffered mode, master, no AEOI, 80/85 

3f ICWI O t 0 0 0 0 1 1 t 0 Buffered mode, master, no AEOI, 8086/8088 

35 ICWI P t 0 0 0 0 t 1 1 1 Buffered mode, master, AEOI, 80/85 

38 ICWI NA 1 0 0 0 t 0 0 0 0 Buffered mode, master AEO1, 8086, 8088 

37 tCW1 NB 1 0 0 0 1 0 0 0 1 1 Fully nested mode, 8085A, nonbuffered, no AEOI 

38 

39 

ICW4 

ICWI 

NC t 

NO 1 

0 0 

0 0 

0 

0 

t 

t 
0 

0 

0 

0 

1 
t 

0 
t 

J(̀ ICW4 NB through ICW4 ND are identical to 
ICW4 B through ICW4 D with the addition of 

IO ICWI NE 1 0 0 0 t 0 1 0 0 Fully Nested Mode 
I7 ICWI NF t 0 0 0 t 0 1 0 t Fully Nested Mode, 80/85, non-buffered, no AEOI 
12 ICWI NG t 0 0 0 t 0 1 1 0 

13 ICWI NN 1 0 0 0 t 0 t 1 t 

4I ICWI NI 1 0 0 0 1 1 0 0 0 

IS ICWI NJ 1 0 0 0 t t 0 0 t 

/6 ICWI NK 1 0 0 0 t 1 0 1 0 ICWI NF through ICWI NP are identical to 
ICWI F through ICWI P with the addition of 

I7 ICWI NL 1 0 0 0 t 1 0 1 1 Fully Nested Moda 
48 ICWI NM t 0 0 0 1 1 1 0 0 

19 ICWI NN t 0 0 0 1 1 1 0 / 

50 ICWI NO 1 0 0 0 i 1 1 1 0 
51 ICWI NP 1 0 0 0 1 1 1 t t 

52 OCW 1 1 M7 M8 MS MI M3 M2 M1 MO Load mask register, read mark register 
53 OCW2 E 0 0 0 t 0 0 0 0 0 Nonspecific EOI 
Sa OCW2 SE 0 0 t t 0 0 L2 Lt LO $pacific EOI, LO-L2 code of IS FF to be reset 
55 OCW2 RE 0 t 0 t 0 0 0 0 0 Rotate on Non Specific EOI 
56 OCW2 RSE 0 1 t t 0 0 L2 LI LO Rotate on Specific EOI LO-L2 code of line 
57 OGW2 R 0 1 0 0 0 0 0 0 0 Rotate in Auto EOI (set) 
SB OCW2 CR 0 0 0 0 0 0 0 0 0 

59 OCW2 RS 0 t 1 0 0 J L2 Lt LO 
Rotate in Auto EOI (clear) 

60 OGW3 P 0 0 0 0 0 t 1 0 0 
Set Priority Command 

6t OCW3 RIS 0 0 0 0 0 1 0 t t Poll mode 

Read IS register 

656 



µ P D8259A 

SUMMARY OF OPERATION 
COMMAND WORD 

PROGRAMMING 

LOWER MEMORY 
INTERRUPT VECTOR 

ADDRESS 

AD Oq D3 

OCW1 1 X X M~-Mp IMR (Interrupt Mask Register) WR loads IMR data while 
RD reads status 

OQN2 0 0 0 R SEOI EOI 

0 0 0 No Action 

0 0 1 Non Specif is End-of-Interrupt 

0 1 0 No Action 

0 1 1 Spec it ic-End-of-Interrupt L2, Li, Lp forms binary representation 
of level to be reset. 

1 0 0 No Action 

1 0 1 Rotate Priority at End-of-Interrupt (Auto Model 

1 1 0 Rotate Priority, L2, L7, LO specifies bottom priority without 
End-Of~ I nterru pt 

1 1 7 Rotate Priority at Endof-Interrupt (Specific Model. Ly, L7, Lp 
specifies bottom Drioriry, and its In-Service Register bit is reset. 

OCW3 0 0 1 ESMM SMM 

0 0 
Special Mask not of )acted 

0 7 

1 0 Reset Special Mask 

1 1 Set Special Mask 

ERIS RIS 

0 0 
No Action 

0 1 

7 0 Reed IR Register Status 

1 1 Read I$ Register Status 

INTERVAL=4 INTERVAL=g 

D7 D6 OS Dq D3 D2 D7 DO D~ D6 D5 Dq D5 D2 D7 DO 

IRS A~ A6 A5 1 1 1 0 0 A~ AO 1 1 1 0 0 0 

IR6' A~ A6 AS 1 1 0 0 0 A~ AG 1 1 0 0 0 0 

IRS A~ A6 Ag 1 0 1 0 0 A~ A6 1 0 1 0 0 0 

IRq A~ A6 A5 1 0 0 0 0 A~ A6 1 0 0 0 0 0 

IR3 A7 A6 A5 0 1 1 0 0 A7 A6 0 1 1 0 0 0 

IR2 A~ A6 A5 0 i 0 0 0 A7 A6 0 1 0 0 0 0 

IR7 A~ A6 A5 0 0 1 0 0 A~ A6 0 0 1 0 0 0 

IRO A7 A6 A5 0 0 0 0 0 A~ A6 0 0 0 0 0 0 

FIGURE 4 

Note: Insure that the processor's interrupt input is disabled during the execution of any control command and 
initialization sequence for all yPD8259As. 

v 
.=oszae. 

v V ~ V 

.e~az~e. 
v

N~tso. 
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PD8259A 

n n~'lnn 

y 

✓-~ i--~ n 

FF -~I 4+ D 

K 
L 

M 

(Plastic) 

0°-15°

ITEM MILOMETERS INCNEB 

q 38.0 MA%. 1.488 MAX. 

B 7.48 0.088 

c 7.0 o.10 
o nsno.l 0.07!O.o01 

E 73.07 1.3 

F 1.5 0.059 

G 7.54 MIN. 0.10 MIN. 

H 0.5 MIN. 0.02 MIN. 

I 5.22 MAX. 0.05 MA%. 

J 5.72 MA%. 0.226 MAX. 

K 15.N 0.8 

L 13.7 0.52 

M 0.25 ~ 0.~ 0.01 • Q082 

K 
L 

~_-i 

~~- M 0-t0°

(Ceramic) 
ITEM MILLIMETERS INCHES 

A 36.2 MAX. 7.43 MAX. 
0 1.59 MAX. 0.06 MAX. 
C 2.54.0.1 0.1 X0.004 
0 o.4s = 0.01 0.02:0.004 
E 33.02 ~ 0.1 1.3:0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13 MIN. 
H 1.0 MIN. 0.04 MIN. 
i 3.5 MA%. 0.14 MAX. 
J 4.5 MAX. 0.15 MAX. 
K 15.24 TVP. 0.6 TVP, 
L 14.93 TVP. 0.59 TYP. 
M 0.25 z 0.06 0.01 z 0.007 

PACKAGE OUTLINE 
µPD8259AC 

µPD8259AD 
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NEC Microcomputers, Inc. 
NEC 

µ P D8279.5 

PROGRAMMABLE KEYBOARDIDISPLAY 
INTERFACE 

DESCRIPTION The µPD8279-5 is a programmable keyboard and display Input/Output device. It 

provides the user with the ability to display data on alphanumeric segment displays 

or simple indicators. The display RAM can be programmed as 16 x 8 or a dual 

16 x 4 and loaded or read by the host processor. The display can be loaded with 
right or left entry with an auto-increment of the display RAM address. 

The keyboard interface provides a scanned signal to a 64 contact key matrix expand-
able to 128. General sensors or strobed keys may also be used. Keystrokes are stored 
in an 8 character FIFO and can be either 2 key lockout or N key rollover. Keyboard 
entries generate an interrupt to the processor. 

FEATURES Programmable by Processor 

• 32 HEX or 16 Alphanumeric Displays 

• 64 Expandable to 128 Keyboard 

• Simultaneous Keyboard and Display 

• 8 Character Keyboard —FIFO 

• 2 Key Lockout or N Key Rollover 

• Contact Debounce 

• Programmable Scan Timer 

• Interrupt nn Key Entry 

• Single +5 Golt Supply, ±10% 

• Fully Compatible with 8080A, 8085A, µPD780 (Z80TM) 

• Available in 40 Pin Plastic Package 

PIN CONFIGURATION 
RL2 C t — ao ~ ~cc 
R L3 C 2 39 ] RL1 
CLK C 3 38 ] R LO 

IRO C 4 37 ] CNTL/STB 

R Lq C 5 36 ] SHIFT 

R L5 C 6 35 ] SL3 

R Lg C 7 34 ] sL2
R L7 C 8 33 ] sLt

RESET C 
µPD 

] SLO 
RD C to 8279.5 3t OUT BO 
WR C 11 30 ] OUT Bt 
DBp C 12 29 ] OUT B2 
DBt C 13 28 ] OVT 63 
D62 C i4 27 ~ OUT AO 
OBg C 75 26 ] OUT At 
DBq C 16 25 ] OUT A2 

D65 C 17 24 OUT A3 
DBg C 18 23 ] BD 
D67 C 79 22 ~ cs 
uSS C 20 21 AO 

PIN NAMES 

DBp-~ Data Bus (Bi-directional) 

CLK Clock Input 

RESET Reset Input 

CS Chip Select 

RD Read Input 

WR Write Input 

Ap Butfer Address 

IRO Interrupt Request Output 

SL0-3 Scan Lines 

RLp-7 Return Lines 

SHIFT Shift Input 

CNTUSTB Control/Strobe Input 

OUT Ap.3 Display IAI Outpuv 

OUT Bp.3 Display 181 Outputs 

~D Bland Display Output 

TM: Z80 is a registered trademark of Zilog. 
Rev/1 
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µPD8279.5 
The µPD8279-5 has two basic functions: 1) to control displays to output and 2) to 
control a keyboard for input. Its specific purpose is to unburden the host processor 
from monitoring keys and refreshing displays. The µPD8279-5 is designed to directly 

interface the microprocessor bus. The microprocessor must program the operating 

mode to the µPD8279-5, these modes are as follows: 

Output Modes 

• 8 or 16 Character Display 
• Right or Left Entry 

Input Modes 

• Scanned Keyboard with Encoded 8 x 8 x 4 Key Format or Decoded 4 x 8 x 8 
Scan Lines. 

• Scanned Sensor Matrix with Encoded 8 x 8 or Decoded 4 x 8 Scan Lines. 
• Strobed Input. 

CLK RESET UBO 7 

!DATA 
BUFFERS 

RD WR CS AO IRO 

~ ~OM1TR7 --~ 

F~~O.SENSOR 
RAM 

STATUS 

NT ERNAL - DATA BVS IBI 

'~ `' D ISPLAV CONTROL AND B . 8 KEVBOARO 
ADOR ESS 16K8 y. TIMING F IFOlSENSOR DEBOUNCE 
REGISTERS D ISPLPV REGISTERS RAM AND 

RAM 
CONTROL 

L 

TIMING  
`j AND 

DISPLAY CONTROL 

R EGISTERS~  \ !►SCAN COUNTEF~ I 

OUT Ap.g OUT 603 
V 
SLp_3 

r 
RETURN I 

n B 
~SRIFT 

R 07 

CNTL/STB 

FUNCTIONAL 
DESCRIPTION 

BLOCK DIAGRAM 

Operating Temperature   0°C to+70°C ABSOLUTE MAXIMUM 

Storage Temperature   -65°C to +125°C RATINGS~

All Output Voltages   -0.5 to +7 VoltsQ 
All Input Voltages  -0.5 to +7 VolfsQ 
Supply Voltages   -0.5 to +7 Volts 
Power Dissipation   iW 

Note: (~ With respect to VSS 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

`Ta = 25°C 
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µPD8279.5 

PIN IDENTIFICATION PIN 
DESCRIPTION 

N0. SVMBOL NAME 

1, 2, 5, 
6, 7, 8, 
38, 39 

R L0-7 Return Lines Return line inputs which are connected to the scan 
lines through the keys or sensor switches. They 
have active internal pullups to keep them high until 
a switch closure pulls one low. They also serve as an 
8-bit input in the Strobed Input mode. 

3 CLK Clock Clock from system used to generate internal timing. 
4 IRO Interrupt 

Request 
Interrupt Request. In a keyboard mode, the inter-
rupt line is high when there is data in the FIFO/ 
Sensor RAM. The interrupt line goes low with each 
FIFO/Sensor RAM read and returns high if there 
is still information in the RAM. In a sensor mode, 
the interrupt line goes high whenever a change in a 
sensor is detected. 

9 Reset Reset Input A high signal on this pin resets theµPD8279-5. 
10 

11 

RU Read Input Input/Output read and write- These signals enable 
the data buffers to either send data to the external 
bus or receive it from the external bus. 

WR Write Input 
_ 

12-19 D8p-7 Data Bus Bi-Directional data bus. All data and commands 
between the processor and the µPD8279-5 are 
transmitted on these lines. 

20 VSS Ground 
Reference 

Power Supply Ground 

21 Ap Buffer Address Buffer Address. A high on this line indicates the 
signals in or out are interpreted as a command or 
status. A low indicates that they are data. 

22 CS Chip Select Chip Select. A low on this pin enables the inter-
face functions to receive or transmit. 

23 BD Blank Display 
Output 

Blank Display. This output is used to blank the 
display during digit switching or by a display 
blanking command. 

24-27 OUT A0.3 Display A 
Outputs 

These two ports are the outputs for the 16 x 4 
display refresh registers. The data from these out 
puts is synchronized to the scan lines ISLp-SL3) 
for multiplexed digit displays. The two 4-bit ports 
may be blanked independently. These two ports 
may also be considered as one 6-bit port. 

2831 OUT B0.3 Display B 
Outputs 

32-35 SL0 3 Scan Lines Scan Lines which are used to scan the key switch 
or sensor matrix and the display digits. These 
lines can be either encoded I1 of 16) or decoded 
I1 of 41. 

36 Shift Shift Input The shift input status is stored along with the key 
position on key closure in the Scanned Keyboard 
modes. It has an active internal pullup to keep it 
high until a switch closure pulls it low. 

37 CNTL/STB Control/ 
Strobe Input 

For keyboard modes this line is used as a control 
input and stored like status on a key closure. The 
line is also the strobe line that enters the data into 
the FIFO in Strobed input mode (Rising Edgel. It 
has an active internal pullup to keep it high until 
a switch closure pulls it low. 

40 VCC +5V Input Power Supply Input 
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N.PD8279.5 
T a - 0°C to +70~ C; VCC +5V ~ 10%; Vgg= OV. 

PARAMETER SVMBOL 
LIMITS TEST 

UNIT 
CONDITIONS MIN TYP MAX 

Input Low Voltage for Shift, 
Control and Return Lines 

VIL1 -0.5 1.4 j V 

~~

Input Low Voltage (Others) VIL2 0.5 0.8 V 

Input High Voltage for Shift, 
Control and Return Lines 

VIH1 2.2 I V 

} Input High Voltage (Others) VIH2 2.0 V 

Output Low Voltage VOL 0.45 V IOL = 2.2 mA 

Output Hlgh Voltage on 
Interrupt Llne 

VpH 3.5 V I IOI-I = -400µA 

Input Cw rent on Shift, 
Control and Retwn Lines 

IILi +10 µA VIN =VCC 
-100 µA VIN = OV 

Input Leakage Current I IL2 
(Others) 

'+-10 µA ~ VIN =VCC to OV 

Output Float Leakage IOFL ** 10 µA VOUT - VCC to OV 

Power Supply Cwrent ICC 120 mA 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Capacitance CIN ~ 5 10 pF VIN =VCC 
Output Capacitance COUT 10 20 pF VOUT =VCC 

DC CHARACTERISTICS 

CAPACITANCE 

Ta = 0°C to +70°C; VCC = +5V ± 10%; Vgg = OV AC CHARACTERISTICS 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN ITYPIMAX 

READ 

Address Stable Before READ tAR 0 ns 

Address Hold Time for READ tRA 0 ns 

READ Pulse Width tRR 250 ns 

Data Delay from READ tRp 150 ns CL = 150 pF 

Address to Data Valid tqp 250 ns CL = 150 pF 

READ to Data Floating tpF 10 100 ns 

Read Cycle Time tRCY 1 ,us 

WRITE 

Address Stable Before WR ITE tAW 0 ns 

Address Hold Time for WRITE t1~1A 0 ns 

WRITE Pulse Width tWyt/ 250 ns 

Data Set Up Time for WR~E tpW 150 ns 

Data Hold Time for WRITE tWp 0 ns 

OTHER 

Clock Pulse Width t4W 120 ns 

Clock Period tCY 320 ns Ir

GENERAL TIMING 

Keyboard Scan Time: 5.1 ms Digit-on Time: 480µs 
Keyboard Debounce Time: 10.3 ms Blanking Time: 160µs 
Key Scan Time: 80 µs Internal Clock Cycle: 10µs 
Display Scan Time: 10.3 ms 
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TIMING WAVEFORMS 

A0, cs 

RD 

DATA BUS 
IOUTPUTI 

DATA BUS 
IINPUTI 

2.4 

0.45 

INPUT FOR AC TESTS 

READ 

LIAR 

~IRD'► 
IAD-+ 

R GH IMPEDANCE 

IRR 

IRCV 

M Iqq 

fIDF~ 

DATA VALID--+~ 

WRITE 

CLOCK INPUT 

Icv 

4,w—► 

ISVSTEM'S 
 ADDRESS BUST 

(READ CONTROL) 

RIGR IMPEDANCE 

(SYSTEM'S 
ADDRESS BUST 

(WRITE CONTROL( 



µPD8279-5 

The following is a description of each section of the µPD8279-5. See the block 
diagram for functional reference. 

I/O Control and Data Buffers 

Communication to and from the µPD8279.5 is performed by selecting CS, Ap, RD and 
WR. The type of information written or read by the processor is selected by A0. A 
logic 0 states that information is data while a 1 selects command or status. RD and WR 
select the direction by which the transfer occurs through the Data Buffers. When the 
chip is deselected ICS = 1) the bi-directional Data Buffers are in a high impedance state 
thus enabling the µPD8279-5 to be tied directly to the processor data bus. 

Timing Registers and Timing Control 

The Timing Registers store the display and keyboard modes and other conditions pro-
grammed by the processor. The timing control contains the timing counter chain. One 
counter is a divide by N scaler which may be programmed to match the processor 
cycle time. The scaler must take a value between 2 and 31 in binary. A value which 
scales the internal frequency to 100 KHz gives a 5.1 ms scan time and 10.3 ms switch 
debounce. The other counters divide down to make key, row matrix and display scans. 

Scan Counter 

The scan counter can operate in either the encoded or decoded mode. In the encoded 
mode, the counter provides a count which must be decoded to provide the scan lines. 
In the decoded mode, the counter provides a 1 out of 4 decoded scan. In the encoded 
mode the scan lines are active high and in the decoded mode they are active low. 

Return Buffers, Keyboard Debounce and Control 

The eight return lines are buffered and latched by the return buffers. In the keyboard 
mode these lines are scanned sampling for key closures in each row. If the debounce 
circuit senses a closure, about 10 ms are timed out and a check is performed again. If 
the switch is still pressed, the address of the switch matrix plus the status of shift and 
control are written into the FIFO. In the scanned sensor mode, the contents of 
return lines are sent directly to the sensor RAM (FIFO) each key scan. In the strobed 
mode, the transfer takes place on the rising edge of CNTL/STB. 

FIFO/Sensor RAM and Status 

This section is a dual purpose 8 x 8 RAM. In strobe or keyboard mode it is a 
FIFO. Each entry is pushed into the FIFO and read in order. Status keeps track of the 
number of entries in the FIFO. Too many reads or writes to the FIFO will be treated 
as an error condition. The status logic generates an IRO whenever the FIFO has an 
entry. In the sensor mode the memory is a sensor RAM which detects changes in the 
status of a sensor. If a change occurs, the IRO is generated until the change is 
acknowledged. 

Display Address Registers and Display RAM 

The Display Address Register contains the address of the word being read or written 
by the processor, as well as the word being displayed. This address may be pro-
grammed to auto-increment after each read or write. The display RAM may be read 
by the processor any time after the mode and address is set. Data entry to the display 
RAM may be set to either right or left entry. 

OPERATIONAL 
DESCRIPTION 
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COMMAND OPERATION The commands programmable to the NPD8279-5 via the data bus with CS active (01 
and Ap high are as follows: 

Keyboard/Display Mode Set 

01 0 0 DID~KIK'K 

MSB LSB 

Display Mode: 

DD 

0 0 8.8-bit character display —Left entry 

0 1 ~ 16-8 bit character display —left entry 

1 0 8-8 bit character display —Right eptry 

1 1 16-8 bit character display —Right entry 

Note: Q Power on default condition 

Keyboard Mode: 

KKK 

0 0 0 Encoded Scan — 2 Key Lockout 

0 0 1 Decoded Scan — 2 Key Lockout 

0 1 0 Encoded Scan — N Key Rollover 

0 1 1 Decoded Scan — N Key Rollover 

1 0 0 Encoded Scan-Sensor Matrix 

1 0 1 Decoded Scan-Sensor Matrix 

1 1 0 Strobed Input, Encoded Display Scan 

1 1 1 Strobed Input, Decoded Display Scan 

Program Clock 

0 0 1 P P P P P 

Where PPPPP is the prescaler value between 2 and 31 this prescaler divides the external 
clock by PPPPP to develop its internal frequency. After reset, a default value of 31 is 
generated. 

Read FIFO/Sensor RAM 

0 1 0 Al X A A A Ap=O 

At is the auto increment flag. AAA is the row to be read by the processor. The read 
command is accomplished with (CS • RD • A'0) by the processor. If At is 1, the row 
select counter will be incremented after each read. Note that auto-incrementing has 
no effect on the display. 

Read Display RAM 

0 1 1~A1~A~A~A~AI AO=O 

Where At is the auto-increment flag and AAAA is the character which the processor 

is about to read. 

Write Display RAM 

1 0 0 Al A A AIA

where AAAA is the character the processor is about to write. 

Display Write tnhibit Blanking 

1 0 1 X IW 
A 

IW 
B 

BL 
A 

BL 
B 

Where IWA and IWB are Inhibit Writing nibble A and B respectively, and BLA, BLB 
are blanking. When using the display as a dual 4-bit, it is necessary to mask one of the 
4•bit halves to eliminate interaction between the two halves. This is accomplished with 
the IW flags. The BL flags allow the programmer to blank either half of the display 
independently. To blank a display formatted as a single 8•bit, it is necessary to set 

both BLA and BLB. Default after a reset is all zeros. All signals are active high (11. 
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µ P D8279.5 
Clear 

1 1 0 Cp 

Cp Cp Cp 

1 0 X All zeros 
1 1 0 AB = 2016 
1 1 1 All ones 
0 X X Disable clear display 

Cp Cp CF CA 

This command is used to clear the display RAM, the FIFO, or both. The Cp options 
allow the user the ability to clear the display RAM to either all zeros or all ones. 

CF clears the FIFO. 
Cq clears all. 

Clearing the display takes one complete display scan. During this time the processor 
can't write to the display RAM. 

CF will set the FIFO empty flag and reset IRO. The sensor matrix mode RAM pointer 
will then be set to row 0. 

CA is equivalent to CF and Cp. The display is cleared using the display clear code 

specified and resets the internal timing logic to synchronize it. 

End Interrupt/Error Mode Set 

1 1 1 E X X X X 

In the sensor matrix mode, this instruction clears IRO and allows writing into RAM. 

In N key rollover, setting the E bit to 1 allows for operating in the special Error mode. 
See Description of FIFO status. 

FIFO Status 
DU S/E O U F N N N 

Where: DU Display Unavailable because a clear display or clear all command is in 

progress. 

S/E Sensor Error flag due to multiple closure of switch matrix. 

O FIFO Overrun since an attempt was made to push too many 
characters into the FIFO. 

U FIFO Underrun. An indication that the processor tried to read an 
empty FIFO. 

F =FIFO Full Flag. 

NNN =The Number of characters presently in the FIFO. 

The FIFO Status is Read with AO high and CS, RD active low. 

The Display not available is an indication that the Cp or CA command has not 
completed its clearing. The S/E flags are used to show an error in multiple closures has 

occurred. The 0 or U, overrun or underrun, flags occur when too many characters are 
written into the FIFO or the processor tries to read an empty FI FO. F is an indication 
that the FIFO is full and NNN is the number of characters in the FIFO. 

Data Read 

Data can be read during AO = 0 and when CS, RD are active low. The source of the 
data is determined by the Read Display or Read FIFO commands. 

Data Write 

Data is written to the chip when Ap, CS, and WR are active low. Data will be written 
into the display RAM with its address selected by the latest Read or Write Display 
command. 

COMMAND OPERATION 
(CONY.) 
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COMMAND OPERATION 
(CONY.) 

PACKAGE OUTLINE 
µPD8279-5C 

rata Format 

CNTL SH SCAN T
I 1 

1 RET 1
I 

In the Scanned Key mode, the characters in the FIFO correspond to the above format 
where CNTL and SH are the most significant bits and the SCAN and return lines are 
the scan and column counters. 

R L7 R Lg R L5 R Lq R L3 R LZ RL~ R Lp 

In the Sensor Matrix mode, the data corresponds directly to the row of the sensor 
RAM being scanned. Shift and control (SH, CNTL) are not used in this mode. 

Control Address Summary 

MSB 

DATA 

LSB 

1 0 0 0 D D K K K Keyboard Display Mode Set 

1 Load Program Clock 0 0 1 P P P P P 

0 Read FIFO/Sensor RAM 0 1 0 A~ X A A A 

0 Read Display RAM 0 1 1 A~ A A A A 

1 Write Display RAM 1 0 0 A~ A A A A 

7 1 0 1 X IW 
A 

IW 
B 

BL 
A 

BL 
B Display Write Inhibit/Blanking 

1 1 1 0 Cp Cp Cp CF CA Clear 

1 End Interrupt/Error Mode Set I t 1 1 E X X X X 

1 FIFO Status D~ S/E 0 U F N N N 

(Plastic) 

ITEM MILLIMETERS INCHES 

A 5'.5 MAX 2.028 MAX 

B 1.62 0.064 

C 254 ~ 0.1 0.10 x 0.004 

D 0.5 0.1 0.01920.004 

E 48.26 1.9 
F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 
H 0.5 MIN 0.019 MIN 

1 5.22 MAX 0.206 MAX 
~ 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 
* 0.1 t 0.004 

M 0.25 
0.05 0.010 

0.002 

8279-5DS-REV 1-12-80-CAT 
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NEC Microcomputers, Inc. 

OCTAL LATCH 

NBC 
µ P68282 
µ PB8283 

DESCR IPTION The µP68282/8283 are 8•bit latches with tri-state output buffers. The 8282 is non-
inverting and the 8283 inverts the input data. These devices are ideal for demuxing 
the address/data buses on the 8085A/8086 microprocessors. 
The 8282/8283 are fabricated using NEC's Schottky bipolar process. 

FEATURES • Supports 8080, 8085A, 8048, 8086 Family Systems 
• Transparent During Active Strobe 
• Fully Parallel 8-Bit Data Register and Buffer 
• High Output Drive Capability (32 mA) for Driving the System Data Bus 
• Tri-State Outputs 
• 20-Pin Package 

FUNCTIONAL 
DESCRIPTION 

Dip 

D11 

D12 

D13 

Dlq 

D15 

D lg 

D17 

OE 

GND 

20 

19 

18 

17 

16 

15 

14 

13 

12 

it 

~cc 
DOp 

D01 

D02 

D03 

DOq 

D05 

DOB 

D07 

STB 

Dlp 

D11 

D12 

D13 

Dlq 

D15 

Dlg 

D17 

OE 

GND 

PIN NAMES 

Dlp-D17 DATA IN 

DOpD07 DATA OUT 

OE OUTPUT ENABLE 

STB STROBE 

zo 
19 

t8 

17 

16 

15 

14 

13 

12 

11 

uCC 

DOp 

D01 

D02 

D03 

DOq 

D06 

DOg 

D07 

STB 

The µP68282/8283 are 8-bit latches with tri-state output buffers. Data on the inputs 
is latched into the data latches on a high to low transition of the STB line. When STB 
is high, the latches appear transparent. The OE input enables the latched data to be 
transferred to the output pins. When OE is high, the outputs are put in the tri-state 
condition. OE will not cause transients to appear on the data outputs. 
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Operating Temperature   0°C to 70°C 
Storage Temperature   -65°C to +150°C 
All Output and Supply Voltages   -0.5V to +7V 
All Input Voltages   - 1.OV to 5.5V 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25°C 

Conditions: VCC = 5V 5%. Ta = 0°C to 70°C 

PARAMETER SVM60L MIN MAX UNITS TEST CONDITIONS 

Input Clamp Voltage VC -1 V IC = -5 mA 

Power Supply Current ICC 160 mA 

Forwartl Input Current IF -0.2 mA VF =0.45V 

Reverse Input Current IR 50 µA Vq = 5.25V 

Output Low Voltage VpL 0.50 V IOL = 32 mA 

Output High Voltage VOt{ 2.4 V IOH =-5 mA 

Outpu[ Off Cwrent IO FF z50 µA VOFF = 0.45 to 525V 

Input Low Voltage VIL 0.8 V VCC=5.OV O1

Input High Voltage VIH 2.0 V VCC=5.OV O7 

F=1 MHz 

Input Capacitance CIN 12 pF Vglg8=2.5V, VCC=SV 

Ta=25°C 

BLOCK DIAGRAMS 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

Nots:O Ou[put Loading IpL = 32 mA, IOH =-5 mA, CL = 300 pF 
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AC CHARACTEfiISTICS 

TIMING WAVEFORMS 

Conditions: VCC = 5V'- 5°k, Ta = 0°C to 70°C 

Loading: Outputs — IOL = 32 mA, IOH =-5 mA, CL = 300 pF 

PARAMETER SYMBOL MIN MAX UNITS 

Input to Output Delay 
—Inverting 

—Non-Inverting 

TIVOV 
25 

35 
ns 

ns 

STB to Output Delay 
—Inverting 
—Non-Inverting 

TSHOV 
45 
55 

ns 
ns 

Output Disable Time TEHOZ 25 ns 

Output Enable Time TELOV 10 50 ns 

Input to STB Setup Time TIVSL 0 ns 

Input to STB Hold Time TSLIX 25 ns 

STB High Time TSHSL 15 ns 

INPUTS 

STB 

CS 

OUTPUTS 

OUT 

r -- TIVSL ~ 

TSHSL 

~ TSLIX 

f  TIVOV TEHOZ w r TE LOV y 

VpL 0.1~ VOH -0.5V O.SV 

VOL O.IV 0.5V 

+-- TSHOV -. 

1 .5V 

3352 

I 300 pF 

3-STATE TO VOL 

SEE NOTE 1 

OUT 

1.5V 

18052 

300 p F 

3-STATE TO VOH 

OUT 

2.14V 

52.7 St 

1
300 p F 

SWITCHING 
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PACKAGE OUTLINES 
µP68282C 
µPB8283C 

µPB8282D 
µPB8283D A 

Plastic 

ITEM MILLIMEI ERS INCHES 

A 23.2 MAX. 0.91 MA%. 
B 1.44 0.055 
C 2.54 0.1 

D 0.45 0.02 
E 20.32 0.8 
F 1.2 0.06 

G 2.5 MIN. 0.1 MIN. 
H 0.5 MIN. 0.02 MIN. 
I 4.6 MAX. 0.16 MA%. 
J 5.1 MA X. 0.2 MAX. 
K 7.62 0.7 
L 6.7 0.26 
M U.25 0.01 

__ ~ ~ 

n /--~ n n i -- ~ /~ /~ n 

=G 

-~ 
C 

Ft 
~~ ~F~~ E 

Cerdip 

ITEM MILLIMETERS INCHES 

A 23.2 MAX. 0.91 MA%. 
B 1.44 0.055 
C 2.54 O.l 

D 0.15 0.02 
E 20.32 0.8 
F 1.2 0.06 

G 2.5 MIN. 0.1 MIN. 

H 0.5 MIN. 0.02 MIN. 

1 4.6 MA%, 0.18 MA%. 
J 5.1 MAX. 0.2 MA%. 
K 7.62 0.3 
L 6.7 0.26 

M 0.25 0.01 

672 

8284 D S-10-80-CAT 



NEC Microcomputers, Inc. 

CLOCK GENERATOR AND DRIVER FOR 
8086/8088 MICROPROCESSORS 

NBC 
~t P68284 

DESCRIPTION The µPB8284 is a clock generator and driver for the 8086 and 8088 microprocessors 
This bipolar driver provides the microprocessor with a reset signal and also provides 
properly synchronized READY timing. A TTL clock is also provided for peripheral 
devices. 

FEATURES • Generate System Clock for the 8086 and 8088 
• Frequency Source can be a Crystal or a TTL Signal 
• MOS Level Output for the Processor 
• TTL Level Output for Peripheral Devices 
• Power-Up Reset for the Processor 
• READY Synchronization 
• +5V Supply 
• 18 Pin Package 

PIN CONFIGURATION 

CYSNC 

PCLK 

AEN1 

RDY1 

READY 

RDY2 

AEN2 

CLK 

GND 

18 

17 

t6 

15 

14 

73 

12 

71 

ACC 

Xt 

X2 

TNK 

EFI 

F/C 

OSC 

RES 

RESET 

PIN NAMES 

X1, X2 Crystal Connections 

TANK For Overtone Crystal 

F/C Clock Source Select 

EFI External Clock Input 

CSYNC Clock Synchronization Input 

RDY1 l Ready Signal from 

RDV2 MultibusTM~ Systems 

AEN1 i Address Enable Qualifiers 

AEN2 ` for the two RDY Signals 

RES Reset Input 

RESET Synchronized Reset Output 

OSC Oscillator Output 

CLK MOS Clock for the Processor 

PCLK TTL Clock for Peripherals 

READY Synchronized Ready Output 

'TM - Multibu5 is a trademark of Intel Corporation. 
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PIN IDENTIFICATION 

NO. SYMBOL NAME FUNCTION 

1 CSYNC Clock Synchronization An active high signal which allows 
multiple 8284s to be synchronized. 
When CYSNC is low, the internal 
counters count and when high the 
counters are reset. CYSNC should 
be grounded when the internal 
oscillator is used. 

2 PCLK Peripheral Clock A TTL level clock for use with per-
ipheral devices. This clock is one-
half the frequency of CLK. 

3, 7 AEN1, AEN2 Address Enable This active low signal is used to 
qualify its respective RDY inputs. 
If there is only one bus to interface 
to, AEN inputs are to be grounded. 

4, 6 RDY1, RDY2 Bus Ready This signal is sent to the 8284 from 
a peripheral device on the bus to 
indicate that data has been received 
or data is available to be read. 

5 READY Ready The READY signal to the micro-
processor is synchronized by the 
RDY inputs to the processor CLK. 
READY is cleared after the guaran-
teed hold time to the processor has 
been met. 

8 CLK Processor Clock This is the MOS level clock output 
of 33%duty cycle to drive the 
microprocessor and bipolar support 
devices (8288) connected to the 
processor. The frequency of CLK is 
one third of the crystal or EFI 
frequency. 

10 RESET Reset This is used to initialize the proces-
sor. Its input is derived from an RC 
connection to a Schmitt trigger 
input for power up operation. 

11 RES Reset In This Schmitt trigger input is used to 
determine the timing of RESET out 
via an RC circuit. 

12 OSC Oscillator Output This TTL level clock is the output 
of the oscillator circuit running at 
the crystal frequency. 

13 F/C Frequency Crystal Select F/C is a strapping option used to 
determine where CLK is generated. 
A low is for the EFI input, and a 
high is for the crystal. 

14 EFI External Frequency In A square wave in at three times the 
CLK output. A TTL level clock to 
generate CLK. 

16, 17 X1, X2 Crystal In A crystal is connected to these 
inputs to generate the processor 
clock. The crystal chosen is three 
times the desired CLK output. 

15 TNK Tank This is used for overtone type 
crystals. (See diagram below.) 

18 VCC VCC +5V 

PIN IDENTIFICATION 
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BLOCK DIAGRAM 
ERS 

°SC L 
.nTOR 

~~ 
RESET 

• 
1 ~ 

- -- - - °SC 

F,C 

EFI  

CSYNC 

RDvI 

~~ 

5 

a 

RDV] 

CLK 

REF°v 

ABSOLUTE MAXIMUM Operating Temperature   0°C to 70°C 

RATINGS*  Storage Temperature  -65'Cto+150°C 
All Output and Supply Voltages  -0.5V to +7V 

All Input Voltages   - 1.OV to+5.5V 

DC CHARACTERISTICS 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

'Ta = 25°C 

Conditions: Ta = 0°C to 70°C; VCC = 5V ± 10% 

PARAMETER SYMBOL MIN MAX UNIT 
TEST 

CONDITIONS 

Forward Input Current IF -0.5 mA VF = 0.45V 

Reverse Input Current IR 50 ~A VR = 5.25V 

Input Forward Clamp Voltage VC -1.0 'V IC =-5 mA 

Power Supply Current ICt- 140 mA 

Input Low Voltage VIL 0.8 V VCC = 5.OV 

Input High Voltage VIH 2.0 V VCC = 5.OV 

Reset Input High Voltage VIHR 2.6 V VCC= 5.OV 

Output Low Voltage VpL 0.45 V 5 mA =10L 
Output High Voltage CLK 
Other Outputs 

VpH 4 
2.4 

V 
V 

-1 mAl 
-1 mA f IOH 

RES Input Hysteresis VIHR-VIER 0.25 V VCC= 5.OV 
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The clock generator can provide the system clock from either a crystal or an external 
TTL source. There is an internal divide by three counter which receives its input from 
either the crystal or TTL source (EFI Pin) depending on the state of the F/C input 
strapping. There is also a clear input IC SYNC) which is used for either inhibiting the 
clock, or synchronizing it with an external event (or perhaps another clock generator 
chipl. Note that if the TTL input is used, the crystal oscillator section can still be used 
for an independent clock source, using the OSC output. 

For driving the MOS output level, there is a 33%duty cycle MOS output (CLK) for the 
microprocessor, and a TTL output (PCLK) with a 50%duty cycle for use as a peripheral 
clock signal. This clock is at one half of the processor clock speed. 

Reset timing is provided by a Schmitt Trigger input (RES1 and aflip-flop to synchronize 
the reset timing to the falling edge of CLK. Power-on reset is provided by a simple RC 
circuit on the RES input. 

There are two READY inputs, each with its own qualifier (AEN1, AEN21. The unused 
AEN signal should be tied low. 

The READY logic in the 8284 synchronizes the RDY1 and RDY2 asynchronous inputs 
to the processor clock to insure proper set up time, and to guarantee proper hold time 
before clearing the ready signal. 

r 
I 
I 

L_ 

i 

 J 
The tank input to the oscillator allows the use of overtone mode crystals. 
The tank circuit shunts the crystal's fundamental and high overtone fre-
quencies and allows the third harmonic to oscillate. The external LC net-
work is connected to the TANK input and is AC coupled to ground. 

osc 

CLK 

PCLK 

RESET 

USED WITH OVERTONE 

CRYSTALS ONLY 

FUNCTIONAL DESCRIPTION 

TANK INSERT 
CIRCUIT DIAGRAM 
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AC CHARACTERISTICS Conditiorrs:Ta =O°C to 70°c:vDD =sv:to% 

TIMING REGUIREMENTS 

PARAMETER SYMBOL MIN MAX UNITS 
TEST 

CONDITIONS 

External Frequency High Tlme TEHEL 20 ns 90%-90%VIN

External Frequency Low Time TELEH 20 ns 10%-70%VIN
EFI Period TELEL TEHEL+TELEH+b ns 01 

XTAL Frequency 12 25 MHz 

RDVt, RDY2 Set-Up to CLK TR1 VCL 35 ns 

RDY1, RDY2 Hold to CLK TCLRIX 0 ns 

AEN 1, AEN2 Set-Up to ROV7, RDY2 TAtVR7V 15 ns 

AEN7, AEN2 Hold to CLK TCLAIX 0 ns 

CSVNC Set-Up to EFI TVHEH 20 ns 

CSVNC Hold to EFI TEHEL 20 ns 

CSVNC Width TVHVL 2 TELEL ns 

RES Set-Up to CLK TIIHCL 65 ns 02 

RES Hold to CLK TCLI1 H 20 ns O 

TIMING RESPONSES 

PARAMETER SYMBOL MIN MAX UNITS 
TEST 

CONDITIONS 

CLK Cycte Period TCLCL 125 ns 

CLK High Time TCLCL 11/3 TCLCL) +2.0 ns Figure 3 and Figure 4 

CLK Low Time TCLCH 12/3 TCLCL) -15.0 ns Figure 3 and Figure 4 

CLK Rise and Fall Time 
TCHiCH2 
TCL2CL7 

10 ns 1.OV to 3.5V 

PCLK High Time TPHPL TCLCL -20 ns 

PCLK Low Time TPLPH TCLCL-20 ns 

Ready Inactive to CLK ® TRVLCL -8 ns Figure 5 and Figure 6 

Ready Active to CLK O3 TRVHCH 12/3 TCLCL) -15.0 ns Figure 5 and Figure 6 

CLK To Reset Delay TCLIL 40 ns 

CLK to PCLK High Oelay TCLPH 22 ns 

CLK to PCLK Low Delay TCLPL 22 ns 

OSC to CLK High Delay TOLCH -5 12 ns 

OSC to CLK Low Delay TOLCL 2 20 ns 

TIMING WAVEFORMS* 

Notes: 0 
F~ 

0 

b =EFI rise 15 ns max) +EFI fall 15 ns maxl. 
Set up and hold only necessary to guarantee recognition at next clock. 
ADPI ies only to T3 and TW states. 
Applies only to T2 states. 

rF
.Mr ~,o

~l {lJ~~ 
a,~ 0_~1.. ~_t~ 

r«x 

eon 

,a~t~ 

a 
'ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
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1 
CLOCK HIGH AND LOW TIME 

cL .. N~ 

~~ .~ 
:. u~: p 

Z- •: os 

~_ a cn 
.-- mr: 

FIGURE 3 
READY TO CLK 

FROM OUTPUT 
UNDER TEST 

.000 

LOo 

0 

FIGURE 1 FIGURE 2 
CLOCK HIGH AND LOW TIME 

.¢ 
agar 

FIGURE 4 
READY TO CLK 

OUTPUT 

NOTES: QCL = 100 pF 

02 CL = 30 pF 

03 CL INCLUDES PROBE AND JIG CAPACITANCE 

goo 

~® 

AC TEST CIRCUITS 
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PACKAGE OUTLINES 
µP88284C 

µP68284D 

Plastic 

ITEM MILLIMETER$ INCHES 

A 23.2 MAX. 0.91 MA%. 

B 1.44 0.055 

C 2.54 0.7 

D 0.45 0.02 
E 20.32 0.8 
F 1.2 0.06 

G 2.5 MIN. D.1 MIN. 
H 0.5 MIN. 0.02 MIN. 

I 4.6 MAX. 0.18 MAX. 

J 5.1 MA X. 0.2 MAX. 
K 7.62 0.3 
~ 6.7 0.26 
M 0.25 0.01 

Cerdip 

ITEM MILLIMETERS INCHES 

A 23.2 MAX. 0.91 MAX. 

6 1.44 0.055 

C 2.54 0.1 

D OAS 0.02 

E 20.32 0.8 
F 1.2 0.06 

G 2.5 MIN. 0.1 MIN. 

H O.5 MIN. 0A2 MIN. 
1 O.6 MAX. 0.18 MAX. 
J 5.7 MA X. 0.2 MAX. 
K 7.62 0.3 
L 6.7 0.26 

M 0.25 0.01 

8284DS-10-80-CAT 
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NEC Microcomputers, Inc. 

8-BIT BUS TRANSCEIVER 

NBC 
µPB8286 
uPB $287 

DESCR IPTION The 8286 and 8287 are octal bus transceivers used for buffering microprocessor 
bus lines. Being bi-directional, they are ideal for buffering the data bus lines on 
8 or 16 bit microprocessors. Each B output is capable of driving 32 mA low or 5 mA 
high. 

FEATURES • Data Bus Buffer Driver for µCOM-8 (8080, 8085A, 780) and µCOM-16 (8086) 
famil ies 

• Low Input Load Current -- 0.2 mA max. 
• High Output Drive Capability for Driving System Data Bus 
• Tri-State Outputs 
• 20 Pin Package with Fully Parallel 8-Bit Transceivers 

PIN CONFIGURATIONS 

AO 

Al 

A2 

A3 

Aq 

A5 

Ag 

A7 

OE 

GND 

20 

19 

18 

17 

16 

15 

14 

13 

12 

ACC 

BO 

61 

62 

83 

Bq 

65 

66 

87 

T 

PIN NAMES 

AO 

Al 

A2 

A3 

Aq 

A5 

Ag 

A7 

OE 

GND 

Ap-A7 Local Bus Data 

BO-67 System Bus Data 

OE Output Enable 

T Transmit 

20 

19 

18 

17 

16 

15 

14 

13 

12 
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Operating Temperature 

azss aza~ 

~OE T RESULT 

0 0 B -+A 

0 i A —~ B 

1 0 A and B 

1 1 }HIGH 
IMPEDANCE 

  0°C to 70°C 
Storage Temperature  -65°C to+150°C 
All Output and Supply Voltages  -0.5V to +7V 
All Input Voltages   -1.OV to+5.5V 
Power Dissipation   1 W 
COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

`Ta = 25~C 

BLOCK DIAGRAMS 

ABSOLUTE ~VIAXIMUM 
RATINGS* 
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DC CHARACTERISTICS Ta=O°ct°7o°c,vcc=5v~5% 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Input Clamp Voltage VC -1 V IC =-5 mA 

- 6287 ICC 130 mA 
mA 

Power Supply Current 
- 8286 ICC 160 

Forward Input Current IF -0.2 mA VF =0.45V 

Reverse Input Current IR 50 µA VR = 5.25V 

Output Low Voltage ' B Outputs 
- A Outputs VOL 

0.5 
0.5 

V 
V 

IOL = 32 mA 
IpL = 10 mA 

Output High Voltage - B Outputs 
- A Outputs 

V OH 
2 4 
2.4 

V 
V 

Ipp{ _ -5 mA 
IOI.{ =-1 mA 

Output Off Current 
Output Off Current 

IOFF 
IOFF 

IF 
IR 

VOFF =0.45V 

VOFF = 5.25V 

Input Low Voltage - A Side V IL 0.8 V 
V 

VCC = 5.OV Q1
VCC=5.OV O -BSide VIL 0.9 

Input High Voltage VIH 2.0 V VCC=S.OV 0 
F = 1 MHz 

Input Capacitance - A Side 
- 8 Side CIN 

16 
22 pF 

VB1AS = 2.5V, VCC = 5V 
Ta = 25°C 

Note: U  B Outputs -IpL = 32 mA, IOH =-5 mA, CL = 300 pF 
A Outputs - IOL = 10 mA, IOp{ =-i mA, CL = 100 pF 

CAPACITANCE Ta = 25°C; = 1 MHz 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

CONDITIONS MIN TYP MAX 

Input Capacitance CI 5 8 pF VI = OV 

Output Capacitance CO 8 12 pF VO = OV 

AC CHARACTERISTICS Ta = 0°C to 70°C, VCC = 5V ± 5°~ 

SYMBOL PARAMETER MIN MAX UNITS 

TIVOV Input to Output Delay 
Inverting 
Non-Inverting 

25 
35 

ns 
ns 

TEHTV Transmit/Receive Hold Time TEHOZ ns 

TTVEL Transmit/Receive Setup 30 ns 

TEHOZ Output Disable Time 25 ns 

TELOV Output Enable Time 10 50 ns 

Notes: See waveforms and test load circuit. 

B Outputs —IpL = 32 mA, IpH = -5 mA, CL = 300 pF 
A Outputs — IOL = 10 mA, IOH = -1 mA, CL = 100 pF 
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WAVEFORMS 
INPUT! 

Noz ~— TE~ov—

VpH 01V 

»nvov 

~T1Y[E 

OUTPUT[ 
b 05 
0 OS 

-TENTY-+{ 

T 

out 

out 

,.:~ 

I ~ 

pF 

}STATE YO VOl 

B OUTPUT 

~.sv 

leoo 

I~pF
}STATE TO VON 

8 OUTPUT 

out 

out 

,.w 

T'~~ 
}STATE TO Vp~ 

A OUTPUT 

i.sv 

out 

5274 

SWITCNING 

8 OUTPUT 

txev 

E000 2 iuo 

OUT 

100 DF 1

}STATE TO VON 

A OUTPUT 

00 pF 

SWITCNING 

A OUTPUT 

MOS microprocessors like the 8080/8085A/8086 are generally capable of driving a 
single TTL load. This also applies to MOS memory devices. V"Jhile sufficient for min-
imum type small systems on a single PC board, it is usually necessary to buffer the 
microprocessor and memory signals when a system is expanded or signals go to other 
PC boards. 
These octal bus transceivers are designed to do the necessary buffering. 

Bi-Directional Driver 

Each buffered line of the octal driver consists of two separate tri-state buffers. The B 
side of the driver is designed to drive 32 mA and interface the system side of the 
bus to I/O, memory, etc. The A side is connected to the microprocessor. 

Control Gating, OE, T 

The OE (output enable) input is an active low signal used to enable the drivers selected 
by T on to the respective bus. 

T is an input control signal used to select the direction of data through the trans-
ceivers. When T is high, data is transferred from the Ap-A~ inputs to the BO-B7 out-
puts, and when low, data is transferred from Bp-87 to the AO-A7 outputs. 

TEST LUAD CIRCUITS 

FUNCTIONAL 
DISCRIPTION 
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PACKAGE OUTLINE 
µPD8286C 
µPD8287C 

µPD8286D 

µPD8287D A 

Plastic 

ITEM MILLIMEIERS INCHES 

A 271 MA% 0.91 MAX. 

~- 
8 1.44 0.055 
C 2.54 O. I 
D 0.45 0.02 
E 20.32 08 
F 1 2 006 
G 2.5 MIN. O.i MIN. 
H 0.5 MIN. 0.0? MIN. 

I 4.6 MAX. 0.18 MA%. 

J 5. 1 MAX. 0.2 MA%. 
K 7.6? 0.3 
L 6.7 0.26 

M 0.75 0.01 

+1 C I►- p ~ F 4 

 E 

Cerdip 

ITEM MILLIMETERS INCHES 

A 23.2 MAX. 0.91 MAX. 
8 1.44 0.055 
c zs4 0 l 
D 0.45 0.02 
E 20.32 0.8 
F 1.2 0.06 

G z.5 MIN. 0.1 MIN. 

H 0.5 MIN. 0.02 MIN. 
I 4,6 MAX. 0.18 MAX. 
J 5.1 MAX. 0.2 MA%. 
K 7.62 0.7 

6.7 0.26 

M 0.25 0.01 

8286/8287 -DS-10-80-CAT 

685 



NOTES 

686 



NEC Microcomputers, Inc. 

DESCRIPTION 

0 
lr ~~ 

NBC 
µP88288 

LIVtI ~~~~ 

µPD8086/8088 CPU SYSTEM BUS CONTROLLER 

The µP68288 bus controller is for use in medium to large µPD8086/8088 systems. This 

20-pin bipolar component provides command and control timing generation, plus 

bipolar drive capability and optimal system performance. It provides both 

MultibusTM command signals and control outputs for the microprocessor system. 

There is an option to use the controller with amulti-master system bus and separate 

1/O bus. 

FEATURES • System Controller for µPD8086/8088 Systems 
• Bipolar Drive Capability 
• Provides Advanced Commands 
• Tri-State Output Drivers 
• Can be used with an I/O Bus 
• Enables Interface to One or Two Multi-Master Buses 
• 20-Pin Package 

PIN CONFIGURATION 
IOB 

CLK 

S1 

DT/R 

ALE 

AEN 

MRDC 

AMWC 

MWTC 

GND 

2 

3 

4 

5 µP6 

6 6288 

20 

19 

18 

17 

1s 

15 

14 

13 

12 

11 

uCC 

SO 

2S

MCE/PDEN 

DEN 

CEN 

INTA 

IORC 

AIOWC 

IOWC 

PIN NAMES 
SO-S2 Statuslnput Pins 

CLK Clock 

ALE Address Latch Enable 

DEN Data Enable 

DT/R Data Transmit/Receive 

AEN Address Enable 

CEN Command Enable 

10B I/O Bus Mode 

AIOWC Advanced I/O Write 

IOWC I/O Write Command 

IORC I/O Read Command 

AMWC Advanced Memory Write 

MWTC Memory Write Command 

MRDC Memory Read Command 

INTA Interrupt Acknowledge 

MCE/PDEN Master CascadelPeripheral 
Data Enable 

TM _ Multibus is a trademark of Intel Corp. 
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PIN FUNCTION 
NO. SYMBOL NAME 

1 106 I/O Bus Mode Sets mode of µP68288, high for the I/O 
bus mode and low for the system 
bus mode. 

2 CLK Clock The clock signal from the µP68284 
clock generator synchronizes the 
generation of command and control 
signals. _ 

3, 19, 18 ~0, S1, S2 Status Input Pins The µP68288 decodes these status 
lines from the µP88086 to generate 
command and control signals.When 
not in use,these pins are high. 

4 OT/R Data Transmit/Receive This signal is used to control the 
bus transceivers in a system. A high 
for writing to I/O or memory and 
a low for reading data. 

5 ALE Address Latch Enable This signal is used for controlling 
transparent D type latches (µP68282/ 
82831. It will strobe in the address 
on a high to low transition. 

6 AEN Address Enable In the I/O system bus mode, AEN 
enables the command outputs of 
the µPB8288 105 ns after it becomes 
active. If AEN is inactive, the 
command outputs are tri-stated. 

7 MSC Memory Read 
Command 

This active low signal is for switch-
ing the data from memory to the 
data bus. 

8 AMWC Advanced Memory 
Write Command 

This is an advanced write command 
which occurs early in the machine 
cycle, with timing the same as the 
read command. 

9 MWTC Memory Write 
Command 

This is the memory write command 
to transfer data bus to memory, but 
not as early as AMW~. (See timing 
waveforms.) 

11 IOWC I/O Write Command This command is for transferring 
information to I/O devices. 

12 AIOWC Advanced I/O Write 
Command 

This write command occurs earlier 
in the machine cycle than IOWC. 

13 IORC I/O Read Command This signal enables the CPU to 
read data from an I/O device. 

14 INTA Interrupt Acknowledge This is to signal an interupt-
ing device to put the vector 
information on the data bus 

15 CEN Command Enable This signal enables all command 
and control outputs. If CEN is low, 
these outputs are inactive. 

i6 DEN Data Enable This signal enables the data trans-
ceivers onto the bus. 

17 MCE/ Master Cascade Enable 
Peripheral Data Enable 

Dual function pin system. 
MC/E — In the bus mode, this 
signal is active during an inter-
rupt sequence to read the cascade 
address from the master interrupt 
controller onto the data bus. 

PDEN 

PDEfJ — In the I/O bus mode, 
it enables the transceivers for the 
I/O bus just as DEN enables bus 
transceivers in the system bus 
mode. 

PIN IDENTIFICATION 
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BLOCK DIAGRAM 

~s

ABSOLUTE MAXIMUM 
RATINGS* 

8086 
STATUS 

CONTROL 
INPUT 

S1 

52 

CLK 

EA N 

CEN 

IOB 

µP88284 

STATUS 
DECODER 

CONTROL 
LOGIC 

COM 
MAND 

SIGNAL 
GENERA 
TOR 

CONTROL 
SIGNAL 
GENERA 
TOR 

  WM TC 

 ~ AMWC MULTIBUSTM 

  IORC COMMAND 

  IOWC 
SIGNALS 

~ AIOWC 

 - INTA 

+6V GND 

CONNECTING THE BUS CONTROLLER TO THE CPU 

8 CLK 

OT/R ADDR ESS LATCH, DATA 
DEN TRANSCEIVER. AND 

MCE/PDEN INTERRUPT CONTROL 
SIGNALS 

ALE 

5 READ' 72 

10 RESET 21 

S7 

S2 

µPD8086/ 

8088 
CPU 

MN/MX 

26
CLK 

19 

27 3 

28 18 

l 33 

i6

4 

5

SO 

S1 

S2 

DEN µPB8268 

DT/R 

ALE 

COMMAND 
BUS 

TO STB OF µP88282/8283 LATCH 
TO T OF µP88286/8287 TRANSCEIVER 
TO OE OF µP68286/8287 7RANSCEIV ER 

OPERATING TEMPERATURE   0°C to 70°C 
Storage Temperature   -65°C to+150°C 
All Output and Supply Voltages   -0.5V to +7V 
All Input Voltages   -1.OV to+5.5V 
Power Dissipation 1  5W 

Note:O With Respect to Ground. 

COMMENT: .Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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ftPB8288 _ 
The three status lines (S0, S1, S2) from the µPD8086 CPU are decoded by the command 
logic to determine which command is to be issued. The following chart shows the 
decoding: 

SO µPD8086 State µP68288 Command 

0 0 0 Interrupt Acknowledge INTA 

0 0 1 Read I/O Port IORC 

0 1 0 Write I/O Port IOWC, AIOWC 

0 1 7 Halt None 

1 0 0 Code Access RM DC 

7 0 1 Read Memory MRDC 

1 1 0 Write Memory MWTC, AMWC 

1 t 1 Passive None 

There are two ways the command is issued depending on the mode of the µP68288. 

The I/O bus mode is enabled if the 106 pin is pulled high. In this mode, all I/O com-
mand lines are always enabled and not dependent upon AEN. When the processor 
sends out an I/O command, the µP68288 activates the command lines using PDEN 
and DT/R to control any bus transceivers. 

This mode is advantageous if I/O or peripherals dedicated to one microprocessor 
are in a multiprocessor system, allowing the µP68288 to control two external buses. 
No waiting is required when the CPU needs access to the I/O bus, as an AEN low 
signal is needed to gain normal memory access. 

If the 108 pin is tied to ground, the µP68288 is in the system bus mode. In this mode, 
commarra signals are dependent upon the AEN line. Thus the command lines are 
activated 105 ns after the AEN line goes low. In this mode, there must be some 
bus arbitration logic to toggle the AEN line when the bus is free for use. Here, 
both memory and I/O are shared by more than one processor, over one bus, with 
both memory and I/O commands waiting for bus arbitration. 

Among the command outputs are some advanced write commands which are initiated 
early in the machine cycle and can be used to prevent the CPU from entering 
unnecessary wait states. 

The INTA signal acts as an I/O read during an interrupt cycle. This is to signal the 
interrupting device that its interrupt is teing acknowledged, and to place the interrupt 
vector on the data bus. 

The control outputs of the µP68288 are used to control the bus transceivers in a system. 
DT/R determines the direction of the data transfer, and DEN is used to enable the 
outputs of the transceiver. In the IOB mode the MCE/PDEN pin acts as a dedicated 
data enable signal for the I/O bus. 

The MCE signal is used in conjunction with an interrupt acknowledge cycle to control 
the cascade address when more than one interrupt controller (such as a µPD8259A) is 
used. If there is only one interrupt controller in a system, MCE is not used as the 
INTA signal gates the interrupt vector onto the processor bus. In multiple interrupt 
controller systems, MCE is used to gate the µPD8259A's cascade address onto the 
processors local bus, where ALE strobes it into the address latches. This occurs during 
the first INTA cycle. During the second INTA cycle the addressed slave µPD8259A gates 
its interrupt vector onto the processor bus. 

The ALE signal occurs during each machine cycle and is used to strobe data into 
the address latches and to strobe the status (S0, S1, ~ into the µP88288. ALE also 
occurs during a halt state to accomplish this. 

The CEN (Command Enable) is used to control the command lines. If pulled high the 
µP68288 functions normally and if grounded all command fines are inactive. 

FUNCTIONAL 

DESCRIPTION 
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µ.P68288 

DC CHARACTERISTICS vcc=5v±10%,Ta =O°Cto 70°c 

PARAMETER SYMBOL MIN MAX UNIT TEST CONDITIONS 

Input Clamp Voltage VC -1 V IC =-5 mA 

Power Supply Current ICC 230 mA 

Forward Input Current Ip -0.7 mA VP =0.45V 

Reverse Input Current IR 50 µA VR = VCC 

Output Low Voltage -Command Outputs 
Control Outputs VOL 

0,5 
0.5 

V 
V 

IpL = 32 mA 
IOL = 16 mA 

Output High Voltage -Command Outputs 
Control Outputs VOH 

2.4 
24 

V 
V 

IOH = -5 mA 
IpH=-1 mA 

Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.0 V 

Output Off Current IOFF 100 µA VOFF = 0.4 to 5.25V 

ACCHARACTERISTICS vcc =5v±10%,Ta =O°Cto 70°c 

TIMING REQUIREMENTS 

PARAMETER SYMBOL MIN MAX UNIT LOADING 

CLK Cycle Period TCLCL 125 ns 

CLK Low Time TCLCH 66 ns 

CLK High Time TCHCL 40 ns 

Status Active Setup Time TSVCH 65 ns 

Status Active Hold Time TCHSV 10 ns 

Status Inactive Setup Time TSHCL 55 ns 

Status Inactive Hold Time TCLSH 10 ns 

TIMING RESPONSES 

PARAMETER SV MBOL MIN MAX UNIT LOADING 

Control Active Delay TCVNV 5 45 ns 

Conttol Inactive Delay TCVNX 10 45 ns 

ALE MCE Active Delay (from CLK) TCLLH, TCLMCH 15 ns 

ALE MCE Active Delay (from Status) TSV LH, TSV MCH 15 ns 
MROC 

IORC 
ALE Inactive Delay TCH LL 15 ns 

Command Active Delay TCLML 10 35 ns 

Command Inactive Delay TCLMH 10 35 ns 
MWT IOL=32 mA 

IOWC IOH = —5 mA 

INTA CL=300 pF 
Direction Conttol Active Delay TCHDTL 50 ns 

Direction Convol Inactive Delay TCHDTH 30 ns 

Command Enable Time TAE LCH 40 ns 
AMWC 

Command Disable Time TAEHCZ 40 ns 
AIOWC 

IOL = 16 mA 

Other IDH =-1 mA 

~ CL = BO pF 

Enable Delay Time TAE LCV 105 2~5 ns 

AEN to DEN TAEVNV 20 ns 

CEN to DEN, PDEN TCEVNV 20 ns 

CEN to Command TCE LRH TCLML ns 
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µPB828F 
STATE 

CLK 

ADDRESS/DATA 

ALE 

MM DC, IOfi CC, NI TA 
AMWC. AIOWC 

MWTC, IOWC 

PDEN 
IREADI 

(INTA) 

DEN IWRITEI 

PDEN IWRITEI 

DT%R IREADI 

MCE 

~Ta Ti 
_TCLCL 

~~TCLCH— 

T2 T3 - T<

~— 

TCHCL~ 

TCLSH►~t/ 

_ ~' '~'TSHCL '► ~TSVCH TCHSV-► • 

\
t

V 
,A\

WRITE 
DATA VALID ~ 

O

TCLLHy 

~ 4DDR 

i ~► 
~'TSV 

VALID 

~TCHLL 
LH 

~ r ~~ 
TCLMHa T/~ 

TCLML~ + ~ +TCLML 

T
1 
I 

~_ 
J 

-+ F1k-TCVNV 

I 

1
[

TCVNX + 

`y
j

r//+ 

I 

i j/+TCVNV 

TCVN%~ t 

\
t

fCHDTH~ 

f
/ 

J ____J 
y \{ 

\ 

a~TCHDTL 

t 

I/r 

f OO ~ TCH DTH a~ a- 

+TCVN% TGLMCH ~'"(( ~ '~' 

TSVMCH 

NOTES: 

O1. ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES. 

LEADING EDGE OF ALE AND MCE IS DETERMINED RV THE FALLING 
EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST. 

O ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED 
OTHERWISE. 

CEN 

AEN 

'~-TAEVNV~ 

DEN 

~—TCEVNVa 

PDEN 

TIMING WAVEFORMS 

DEN, PDEN QUALIFICATION 
TIMING 

692 



µP68288 

µP68288 ADDRESS ENABLE 
(AEN) TIMING 

13-STATE ENABLE/DISABLE) 

TEST LOAD CIRCUITS 

AEN 

OUTPUT 

COMMAND 

CEN 

~i~TAELCV—+ 
~1.5V 

TAELCH-~ 

0.5 V 

i 

~-- 
V OH 

L 

OUT 

TCE LRH~ 

1.SV 

18012 

1300 p F 

3-STATE TO HIGH 

OUT 

~i sv 

TAEHCZ-+I ~,_ 0.5V 

l _~ VOH 

TCELRH 

1.5V 

3312 

OUT 

1300 pF 

3-STATE TO LOW 

3-STATE COMMAND OUTPUT 
TEST LOAD 

2.14V 

52.712 

1
300 pF 

COMMAND OUTPUT 
TEST LOAD 

2.28V 

11452 

OUT 

180 p F 

CONTROL OUTPUT 
TEST LOAD 
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µPg82ss 

Plastic 

ITEM MILLIMETERS INCNES 

A 23.2 MAX. 0.91 MA%. 
R 1.44 0.055 
C 2.54 0.1 
D 0 <5 0.02 
E 20.32 0.8 
F 1.2 0.06 
G 2.5 MIN. 0.1 MIN. 
H 0.5 MIN. 0.02 MIN. 
I 4.6 MAX. 0.18 MA%. 
J 5.1 MAX. 0.2 MAX. 
K 7.62 0.3 
L 6.7 0.26 
M 0.25 0.01 

Cerdip 

ITEM MILLIMETERS INCNES 

A 23.2 MA%. 0.91 MAX. 
6 1.44 0.055 

C 2.54 0.1 
D 0.45 0.02 
E 20.32 0.8 
F 1.2 0.06 
G 2.5 MIN. 0.1 MIN. 
H 0.5 MIN. 0.02 MIN. 
I 4.6 MA%, 0.18 MAX, 
J 5.1 MAX. 0.2 MAX. 
K 7.62 0.3 
L 6.7 0.26 

M 0.25 0.01 

PACKAGE OUTLINES 
µP68288C 

µPB8288D 
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NEC Microcomputers, Inc. 

16,384 BIT ROM WITH IIO PORTS 
16,384 BIT EPROM WITH IIO PORTS* 

NBC 
~,cPD8355 
~.~, P D8755A 

DESCRIPTION The µPD8355 and the µPD8755A are µPD8085A Family components. The µPD8355 
contains 2048 x 8 bits of mask ROM and the µPD8755A contains 2048 x 8 bits of 
mask EPROM for program development. Both components also contain two general 
purpose 8-bit I/O ports. They are housed in 40 pin packages, are designed to directly 
interface to the µPD8085A, and are pin-for-pin compatible with each other. 

FEATURES 2048 X 8 Bits Mask ROM (µPD8355) 
• 2048 X 8 Bits Mask EPROM (µPD8755A) 
• 2 Programmable I/O Ports 
• Single Power Supplies: +5V 
• Directly Interfaces to the µPD8085A 
• Pin for Pin Compatible 
• µPD8755A: UV Erasable and Electrically Programmable 
• µPD8335 Available in Plastic Package 
• µPD8755A Available in Ceramic Package 

PIN CONFIGURATIONS CE [ 1 40 ] uCC CE [ 1 40 ]uCC 

CE C 2 39 ] P67 CE [ 2 39 ] P67 

CLK C 3 38 ] PBg CLK C 3 38 ] PB6 

RESET [ 4 37 ] P65 RESET [ 4 37 ] P65 

NC C 5 36 ] PBq UDD C 5 36 ] PB4 

READY [ 6 35 ] P83 READY [ 6 35 ] P63 

10/M C 7 34 ] PB2 10/M [ 7 34 ] P62 

IOR [ 8 33 ] P61 IOR [ 8 33 ] P81 

RD C 9 32 ] PBO RD [ 9 32 ] PBO 

IOW [ 10 µPD 31 ] PA7 IOW [ 10 µPD 31 ] PA7 

ALE C 11 8355 30 ] PAg ALE C 11 8755A 30 ]PAg 

ADo C 1 z 2s ] PA5 ADO C 12 29 ]PA5 

ADi[13 28 ] PA4 AD1 [ 13 28 ] PA4 

AD2 C 14 27 ] PA3 AD2 C 14 27 ]PAg 

AD3 [ 15 26 ] PA2 AD3 [ 15 26 ]PA2 

ADq C 16 25 ] PA1 ADq C 16 25 ] PA1 

AD5 C ~ 7 2a ] PAp AD5 C 17 24 ] PAp 

ADg [ 18 23 ] A1O ADg C 18 23 ] A10 
AD7 [ 19 22 Ag AD7 C 19 22 ] Ag 

vss C 20 z1 ] Ag vss C zo z1 ] Ag 

NC: Not Connected 
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fn.PD8355/8755A 

The µPD8355 and µPD8755A contain 16,384 bits of mask ROM and EPROM 
respectively, organized as 2048 X 8. The 2048 word memory location may be 
selected anywhere within the 64K memory space by using the upper 5 bits of 
address from the µPD8085A as a chip select. 

The two general purpose I/O ports may be programmed input or output at any 
time. Upon power up, they will be reset to the input mode. 

FUNCTIONAL DESCRIPTION 

s 
AD7 -ADO 

VppO VCCI+5V) 

I I 
BLOCK DIAGRAM 

.. f'► PA7 - PAO 

ff~ 

A10'A8 /a 
3 

READY 

PA CE 
8 

CE 

2048 X 8 ALE 

RD ROM 

IOW 

IOR PB P67 .~c~ ~ - P80 
8 CLK 

10/M 

RESET 

I 
VSS IOVI 

Note: ~ Vpp applies to µPD8755A only. 

Operating TemperaturelµPD8355)  0°C to+70°C ABSOLUTE MAXIMUM 
(µPD8755A)   -10°C to+70°C RATINGS* 

Storage Temperature (Ceramic Package)  -65°C to +150°C 
(Plastic Package)   -40°C to +125°C 

Voltage on Any Pin (µPD8355)  -0.3 to +7 Volts ~ 
(µPD8755A)   -0.5 to +7 Volts 0 

Power Dissipation   1.5W 

Note: ~ With Respect to Ground 

COMMENT: Stress above those fisted under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

Ta = 0° C to +70° C; VCC = SV ± 5% 

I PARAMETER SYMBOL 

LIMITS TEST 

UNITI CONDITIONS MIN'TVP' MAX l 

Input Low Voltage VIL —0.5 0.8 V VCC = 5.OV O 

Input High Voltage VIH 2.0 VCC+0.5 V VCC = 5.OV'O 

Output Low Voltage VOL 0.45 V IOL = 2 mA 

Output High Voltage VOH 2.4 V IOH = —400 µA 

Input Leakage IIL 10 µA VIN =VCC to OV 

Output Leakage Current ILO ±10 µA 0.45V GVOUT VCC 

VCC Supply Current ICC 180 mA 

Note: ~ These conditions apply to µPD8355 only. 

DC CHARACTERISTICS 
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f,~,PD835518755A 

PIN IDENTIFICATION 

I/O PORTS 

PIN 
FUNCTION NO. SYMBOL NAME 

1,2 CE, CE Chip Enables Enable Chip activity for 
memory or I/O 

3 CLK Clock Input Used to Synchronize Ready 

4 Reset Reset Input Resets PA and PB to all inputs 

5 ~ NC Not Connected 

5 © Vpp Programming 
Voltage 

Used as a programming voltage, 
tied to +5V normally 

6 Ready Ready Output A tri-state output which is 
active during data direction 
register loading 

7 10/M I/O or Memory 
Indicator 

An input signal which is used 
to indicate I/O or memory 
activity 

8 IOR I/O Read I/O Read Strobe In 

9 RD Memory Read Memory Read Strobe In 

10 IOW I/O Write I/O Write Strobe In 

11 ALE Address Low 
Enable 

Indicates information on 
Address/Data lines is valid 

12-19 ADO•AD7 Low Address/Data 
Bus 

Multiplexed low Address and 
Data Bus 

20 Vgg Ground Ground Reference 

21-23 Ag-A10 High Address High Address inputs for ROM 
reading 

24-31 PAp•PA7 Port A General Purpose I/O Port 

32-39 PBO•PB7 Port B General Purpose I/O Port 

40 VCC 5V Input Power Supply 

Notes: ~ µPD8355 
µPD8755A 

I/O port activity is controlled by performing I/O reads and writes to selected I/O port 
numbers. Any activity to and from the µPD8355 requires the chip enables to be active. 
This can be accomplished with no external decoding for multiple devices by utilizing 
the upper address lines for chip selects. ~ Port activity is controlled by the following 
I/O addresses: 

AD1 ADO PORT SELECTED FUNCTION 

0 0 A Read or Write PA 

0 t B Read or Write PB 

1 0 A Write PA Data Direction 

1 1 B Write PB Data Direction 

Since the data direction registers for PA and PB are each 8-bits, any pin on PA or PB 
may be programmed as input o~ output (0 = in, 1 =out). 

Note: ~ During ALE time the data/address lines are duplicated on A15•Ag. 
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'.i.PD8355/$755A 

CLK 

AB-10 
10/Ivl 

Ta = 0°C to ♦]0°C: VCg = SV . 5% 

PARAMETER SYMBOL 

LIMITS 

UNIT 

TEST 

CONDITIONS MIN TVP MAX 

Clock Cvcle Time tOyC 310 ns 

CLOAD' 150 DF CLK Pulse Width Tl BO ns 

CLK Pulta Witlth TI 1p ns 

CLK Rim antl Fall Tirre ry, y 30 m 

Atldress to Latch Sat Up Time tpL 50 m 

150 OF Load 

Adtlress Hold Time Aster Latch tLp 80 ns 

Latch to READ/WRITE Control tLC 100 ns 

Valid Deta Out Delay tram READ Control tqp 
1]0 1

ns 
150 1

Address Sable to Data Out Valid tpp 400 ns 

Latcn Enable Witlth tLL 100 ns 

Data Bus Float Afier READ tgpp 0 100 m 

REAp/WRITE Control to Latch Enable tCL p ns 

READ/WRITE Control Width tCC 150 ns 

Data In to WRITE Set Up Time tpyy 150 ns 

Data In Nold Time Alin WRITE ryyp 1003 ns 

WRITE tp Port Output tyep 400 ns 

Port Input Set Up Time tpq 50 ns 

Port Input Roltl Time [qp 50 ns 

READY NOLO TIME tRYN D ice© ns 
1p 

ADDRESS ICEI to READY tpgy 160 ns 

Recovery Time Between Comrolz [qy 300 ns 

Oata Out Delay from READ Control tgpE 10 m 

Notes. O yPp8355 03 3p ns for yPDB]55A 
1 yPDB]55A 

F~— LCVC 

ROM READ, I/O READANDWRITE 01

 1 T1 I TZ~ 

ADOR ESS 

AD 

AD0.7 X ADDRESS 

ICE = 11• 

ICE=01~ 

ALE 

RD 

IOR 

IOW 

A8 10 

■ 
DATA 

ILLY-.~tLA 

AL  t 

IRDE'— —
 . '~--tRD--~ 

f—tLC_y 

RDF 

C 

IC 
W 

~/

T 

,f—IRV 
w tWD 

f-

ttCL

PROM READ, I/O READ AND WRITE 

ADDRESS 

1AD 

ADp-]~ ADDRESS 

J  ILLY 

ALE 
~~~ JJJ FI

~TTT~-LLA—► 

IPROGI/CE 

CE 

IOR HD 

IOW 

 X 
-- 

~ 
DATA ---~ 

ADDRESS 

ADDRESS 

IRDE-~ 

FtLC 

Notes: Qi  µPD8355 

8 

µPD8755A 

3 CE must remain low for the entire cycle 

IRDF—~ 

'ftgp~rtDW 

ICC 

'~~'1 IWD 

-FtCLi. 

 IRV 

AC CHARACTERISTICS 

TIMING WAVEFORMS 
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N,PD835518755A 

TIMING WAVEFORMS CLOCK 

(CONY.) 
,, ---► 

~ — T1—+ -

.~_ rz —.. 

~CVC 

z.ov 

O,BV 

WAIT STATE TIMING (READY = 0) 

GARY 

INPUT MODE 

RD OR 
IOR 

I/O PORT 

~+- tPR 

PORT f 

INPUT 

DATA 
BUS  

OUTPUT MODE 

IOW 

PORT 

OUTPUT 

ARP 

tyyp—r 

DATA 
BUS 

GLITCN FREE 
OUTPUT 

EPROM PROGRAMMING Erasure of the µPD8755A occurs when exposed to ultraviolet light sources of wave-
µPD8755A lengths less than 4000 A. It is recommended, if the device is exposed to room 

fluorescent lighting or direct sunlight, that opaque labels be placed over the window to 

prevent exposure. To erase, expose the device to ultraviolet light at 2537 A at a 
minimum of 15 W-sec/cm2 (intensity X expose time). After erasure, all bits are in the 
logic 1 state. Logic 0's must be selectively programmed into the desired locations. It 

is recommended that NEC's PROM programmer be used for this application. 
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~ttPD8355/8755A 

A 

-{BF- -~F~--
r~ 

r.:., r-. 

-{ C f--
 E 

~~ 
D 

(PLASTIC) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

c 2.5a ~ 0.1 0.10 * o.00a 
D 0.5 ± 0.1 0.019 t 0.004 

E 48.26 1.9 
F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 
+ 0.1 + 0.004 

M 0.25 
- 0.05 

0.010 
- 0.002 

  A  1! 
I C J 

' 1C~- ~.~ 

D 
E 

G 

(CERAMIC) 

0-10°

ITEM MILLIMETERS INCHES 

A 51.5 MAX. 2.03 MAX. 
B 1.62 MAX. 0.06 MAX. 
C 2.54 ± 0.1 0.1 ± 0.004 
D 0.5±0.1 0.02±0.004 
E 48.26 ± 0.1 1.9 ± 0.004 
F 1.02 MIN. 0.04 MIN. 
G 3.2 MIN. 0.13 MIN. 
H 1.0 MIN. 0.04 MIN. 

I 3.5 MAX. 0.14 MAX. 
J 4.5 MAX. 0.18 MAX. 
K 15.24 TYP. 0.6 TYP. 
L 14.93 TYP. 0.59 TYP. 
M 0.25 ± 0.05 0.01 ± 0.0019 

PACKAGE OUTLINE 
µPD8355C 

µPD8755AD 
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BP-0200 

16K CMOS RAM Board 

STANDARD FEATURES 

• 16K Bytes of Read/Write Memory 
Util izing the NEC µPD444/6514 
CMOS RAM for Both 8-Bit Byte 
and 16-Bit Data Words 

• Minimum of 7 Days (168 Hrs.) of 
Continuous Battery Back-Up 

DESCRIPTION 

• On•Board Batteries and Battery 
Charger with Short Circuit and 
Overcharge Protection 

• Test Points Provided for Battery 
Status 

Provision for A/C Low Line Input 

The BP-0200 interfaces directly to any MultibusTM system. 
The board contains 16K bytes of read/write memory 
utilizing NEC Microcomputers, Inc.'s µPD444/6514 CMOS 
RAM memory components. 

The BP-0200 contains jumpers to allow the user to locate 
memory anywhere in a one megabyte field along any 16K 
boundary starting at OOOOOH, (i.e., 04000H, 08000H, 
OCOOOH, etc.j. The board contains a memory inhibit func-
tionwhich allows 2 or more of the CMOS RAM boards to 
be used in a paging technique. Memory, for systems flexi-
bility, can be deselected by jumpers in 2K byte blocks. 

The BP-0200 operates as a slave to the processor but con-
tains its own power source in case of power failure. The 
BP-0200 NiCd batteries supply a minimum of 7 days of 
battery back-up, when the batteries are fully charged. The 

• Memory Inhibit Allows Paging of 2 
or More Boards to the Same Address 
Block 

• Memory Deselect in 2K Byte Blocks 

• Supports Both 16-Bit and 20-Bit 
Addressing 

on-board batteries can be disconnected and power fail sense 
circuits disabled for battery changing or for storage. 

The BP-0200 has an input port which can test the status of 
Memory Inhibit, Battery Level, Power Fail Sense, and 
Power Fail Memory Inhibit. The BP-0200 Output port can 
control Memory Inhibit of the 16K RAM and can reset 
Power Fail Sense. 

If AC power fails or drops below 103/203 VAC, the system 
power supply should raise AC Power Low (ACL0) to initiate 
an orderly power-down sequence. The processor is imme-
diately interrupted so that it may store machine status. 
Approximately 3.8 milliseconds after the Power Fail Inter-
rupt, al l further access is denied to the BP-0200 RAM until 
system power is restored. 

The BP-0200 is a powerful memory expansion module that 
allows the user the highest degree of confidence in main• 
taining critical data during power outages or shortages, 

TM: Multibus is a registered trademark of Intel Corp. 
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BP-0200 

SPECIFICATIONS 

Word Size 

• 8 or 16 bit data bus Software 
control led 

Memory Size 
• 16K bytes (8K words) 
• NECµPD444/6514 

Memory Addressing 
• 20 bit addressing capability 

Address Selection 
• Jumper selectable along 16K bound-

aries starting at OOOOOH (OOOOOH, 

04000, 08000 . . . FC000) 

Memory Response Time 
• Read Access: 450 ns Max. 
• Read Cycle: 600 ns Max. 

BLOCK DIAGRAM 

m 
F 

Bus Compatibility 
• Interface: TTL compatible 
• P1 : 86 pin, double-sided, 0.156 inch 

centers. 
• P2 : 60 pin, double-sided, 0.100 inch 

centers. 

Physical Characteristics 
• Width: 
• Height: 
• Thickness 
• Weight: 

12.00 in. (30.48 cm) 
6.75 in. (17.15 cm) 

0.50 in. (1.27 cm) 

376,00 grams 

Power Requirements (Operational) 

VCC=+5V+5% 
• ICC = 0.9A Typ, 1.2A Max. 

Battery Power Requirements 

• VBAT=3.6V (Nominal) 

• I BAT = 200 µA Max. 

i6 OR 
20 BIT 

ADDRESS 
DECODERS 

Battery Characteristics 

• Type: 

• Capacity: 

• Voltage: 

AAA-size NiCd (3 pcs.) 

180 mA hours 
3.6V nominal 

Battery Charge Time 
• 14 hours for full charge (180 mA 

hours), full overcharge and short 
circuit protection. 

Data Retention 

• 168 hours following removal of +5V bus 

power. 

Environmental Requirements 

• Operating Temp.: 32° to 131°F 

10° to 55°C) 
• Relative Humidity: to 90%without 

condensation. 

Applicable Literature 
• BP-0200 User's ~Aanual 

R/W 

CONTROL 

LOGIC 

STATUS 

CONTROL 

PORTS 

I 

16K 8 RAM ARRAY 

I 

ll 

8/16 BIT 

DATA 

BUS 

BUFFERS 

BATTERY 

CONTROL 

CIRCUITRY 

AC 

POWER 

FAIL 

CIRCUITS 

EVEN ADDRESS BUS 

ODD ADDRESS BUS 

B P-0200-12-80-CAT 
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BP-0220 

CMOS RAM/EPROM Board 

STANDARD FEATURES 

❑ 16K Bytes of Read/Write Memory 
utilizing NEC µPD444/6514 
CMOS RAM for Both 8-Bit Byte 
and 16-Bit Data Words. 

❑ Sockets (8) for either industry 
standard 2716's or 2732's. 

❑ EPROM address decoding via Bi-
polar fusable link PROMS. 

❑ Provision for A/C low line input 
and 5 volt power fail detect. 

❑ On Board batteries and battery 
charger with short circuit and 
overcharge protection for CMOS 
and back-up. 

DESCRIPTION 

The BP-0220 is a member of the NEC Microcomputers 
family of MultibusTM boards. The BP-022p interfaces 
directly to any Multibus system to expand RAM/ROM 
memory capacity. 

The BP-0220 contains 16K bytes of static Read/Write 
memory utilizing NEC Microcomputers µPD444/6514 
CMOS RAM memory devices, and in addition, contains 
sockets for either 8-2716 or 8-2732 industry standard 
EPROMS (user supplied). The BP-0220 memory may be 
located, through jumper selection, anywhere in a one- 
megabyte field beginning on any 16K address boundary. 
Memory address decoding is accomplished by 2-µP6403/ 
74S287 Fuseable Link PROMS. The user has the option of 
selecting from NEC's four choices of preprogrammed 
PROMS or creating address decoding patterns on a pair of 
supplied blank PROMS. The EPROM may be addressed at 
the same memory location as the CMOS RAM, allowing 
shadowing techniques to be used. Shadowing allows the 
user to utilize the EPROMs for initial program start without 
committing valuable memory space. 

❑ Memory inhibit allows paging of 
2 or more boards to the same 
address block. 

❑ Supports 16 bit and 20 bit 
addressing. 

The BP-0220 operates as a slave to the processor, but con-
tains its own power source for the CMOS RAM in case of 
power failure. The power source is provided by three NiCd 
batteries mounted on the board, which provide a minimum 
of seven days of battery back-up at full charge. The on-
board batteries can be disconnected and power fail sense 
circuits disabled for battery changing or storage. 

The BP-0220 has an on-board status port which the CPU 
may read for the condition of Memory Inhibit, Battery 
Voltage Level, Power Fail Sense, and Power Fail Memory 
Inhibit. The CPU may also write into a status port to 
control Memory Inhibit of the RAM/EPROM or reset the 
power fail sense latch. Test points are provided at the edge 
of the BP-0220 to allow easy monitoring of battery voltage 
levels. 

The BP-0220 16K CMOS RAM/EPROM board provides the 
maximum in systems memory flexibility and capability by 
providing both RAM and EPROM on one board. This con-
figuration enables the user to have the highest degree of 
confidence in maintaining critical data during power 
outages or shortages. 

10 
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BP-0220 
SPECIFICATIONS 
Word Size 

• 8 or 16 brt data bus Software 

controlled 

Memory Capacity 

• RAM — 16K Bytes 18K words) 
• ROM —Using eight µPD2716 or 

µPD2316E 16K Bytes 
18K words) 

• ROM —Using eight µPD2732 or 

µPD2332 32K Bvtes 

(16K words) 

Memory Addressing 

• 16 and 20 bit addressing capability 

Address Selection 

• Via 2µP8403 Fusable Link PROMS 

(256 x 4) or 2 SN74S287 

BLOCK DIAGRAM 

Memory Response Time 
• RAM Response Time 

Read Access: 450 ns Maz. 

Read Cycle: 600 ns Max. 

• ROM Response Time: 

µPD2716 

Read Access: 700 ns Max. 

Read Cycle: 850 ns Max. 
µPD2316E 

Read Access: 700 ns Max. 
Read Cycle: 850 ns Max. 
µPD2732 

Read Access: 700 ns Max. 

Read Cycle: 850 ns Max. 
µPD2332 

Read Access: 700 ns Max. 
Read Cycle: 850 ns Max. 

Note: The 150 ns difference between 

Read Access and Read Cycle 

times are due to bus timing 

requirements for command set 
up and hold times. Memory 

Access is defined from Address 
True to Data Valid, Memory 
Response is defined as Memory 

Read/Write to Data Valid. 
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I6 OR 70 BIT 

ADDRESS 

DECODERS 

Bus Compatibility 

Interface: Multibus compatible 

• P1 : 86 pin, double sided, 0.156 inch 

centers. 

P2: 60 pin, double-sided, 0.100 inch 

CentB15. 

Physical Characteristics 
• Width: 12.00 in. (30.48 cm) 

• Height: 6.75 in. (17.15 cm) 

• Thickness: 0.50 in. (1.27 cm) 
• Weight: 376.00 grams 

Power Requirements (Operational) 
• VCC=+5V~5% 

ICC = 1.0 A Typ, 1.3A Max. 

Battery Power Requirements 

• VBAT=3.6V (Nominal) 
• iBAT = 200µA Max. 

CONTROL 
LOGIC 

F —
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FAIL 
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Battery Characteristics 

• Type: AAA-size NiCd 13 pcs.) 
• Capacity: 180 mA hours 

• Voltage: 3.6V nominal 

Battery Charge Time 

• 14 hours for full charge (180 mA 
hours), full overcharge and short 
circuit protection. 

Data Retention 
• 168 hours following removal of 

+SV bus power. 

Environmental Requirements 

• Operating Temp.: 32° to 131°F 
10° to 55°CI 

• Relative Humidity: to 90%without 
condensation. 

Applieabla Literature 

• BP~0220 User's Manual 

ODD ADDRE66 9U6 
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BP-0575 
Five-Channel Serial 

Communication Controller 
STANDARD FEATURES 
• Five Individually Configurable, • Jumper-Selectable I/O Address 

Asynchronous Communication • RS232C or Optically Isolated • EIA Modem Control Support 
Channels 20 mA Current Loop Capability • Field-Proven NEC µPD8251A 

• Full MultibusTM Compatibility • Jumper-Selectable Baud Rate USARTs 

INTRODUCTION 

The BP-0575, another member of the NEC Microcomputer 
family of MultibusTM •compatible board products, is a ver-
satile 5-channel asynchronous serial communications con- 
troller with both EIA RS232 and optically isolated current 
loop interfacacapabilities. The board is designed to be 
plugged into any standard MultibusTM backplane and to 
operate with 8 or 16-bit microprocessors. 

The board accepts data from the host processor in parallel 
data format and transmits serially to terminals, modems, 
or printers. The BP-0575 accepts serial data over its duplex 
channels and transfers it to the host processor in parallel 
format. Also processor-to-processor, bi-directional, serial 
communication can be implemented between systems 
equipped with BP-0575's. 

The major functional element in the BP-0575 is the NEC 
µPD8251A Programmable Communications Interface Chip. 
NEC manufactures and is the leading world-wide supplier of 
this industry standard component. One NEC µPD8251A 

,,_ ~ - 
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per channel and associated circuitry provide support for 
the EIA standard modem control signals request to send 
(RTSI, data terminal ready (DTR1, clear to send (CTS), and 
data set ready (DSR). Each channel has jumper-selectable 
receive/transmit baud rates from 75-19,2000 on the EIA 
interface and up to 2400 baud on the current loop interface. 

Ajumper-selectable on-board interrupt scheme gives the 
user the option of logically ORing together any or all trans-
mit and receive interrupt Fines for the five ports to decrease 
the number of bus interrupts used by the BP-0575. 

The BP-0575 can be addressed in any 16-byte block begin-
ning on any 16-byte boundary within the 256 byte I/O 

page. The board may be accessed through 12 jumper-

selectable I/O ports within the 16-byte I/O block, and the 
user may address the five serial I/O channels and the two 
interrupt status registers in any order or priority within the 
addressed block. 

This unique combination of features and flexibility makes 
the BP-0575 the logical choice in a wide range of 
MultibusTM applications. 

~+tta:ret¢t:tse::r~:ratr:rt,~t:sfx:a
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TM: Multibus is a registered trademark of the Intel Corp. 
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BP-0575 

SPECIFICATIONS 

Bus Compatibility 
• Interface: TTL-compatible. 
• P1:86 pin, double-sided, 0.156 inch 

centers. 

P2: Not Used 

Physical Characteristics 
• Width: 12.00 in. (30.48 cm) 
e Height: 6.75 in. (17.15 cm) 

• Thickness: 0.50 in. (1.27 cm) 
• Weight: 398.00 grams 

BLOCK DIAGRAM 
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Power Requirements (Operational) 
• VCC = +5V ± 5% 
• ICC = 0.9A Typ, 1.2A Max. 

Voltage 
• VCC = +5V 
• Vpp =+12V 

• VAA=-12V 
• IT = 1.9A Max. 

Environmental Requirements 
• Operating Temp.: 0° to 55°C 

• Relative Humidity: to 90%without 
condensation. 
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CHANNELS 

RECEIVE DATA 

TRANSMIT DATA 
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CURRENT 
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INTERFACES 

Interfaces — RS232C 
• EIA standard RS232C signals provided 

and supported 
— Carrier Detect 
— Clear to Send 

— Data Set Ready 

— Data Terminal Ready 
— Request to Send 
— Receive Data 
— Transmit Data 

Applicable Literature 

• BP-0575 User's Manual 
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BP-2190 

Floppy Disk Controller/RAM 

STANDARD FEATURES 

The BP-2190 is a complete floppy disk controller 
with on-board RAM and the following features: 

• Occupies a single card slot 

• Handles up to four double-sided standard 8" 
or three mini 5'/4"floppy disk drives 

• Drives may be a mixture of single- or double-
density types (software programmable) 

• IBM compatible soft-sector recording format 
in both single- and double-density modes 

• Performs fifteen different READ, SCAN, 
WRITE, FORA~IAT, SEEK, SENSE and 
SPECIFY commands with minimal processor 
overhead 

• 48K x 8 of on-board, automatically refreshed 
dynamic RAM 

• Dual-ported memory allows direct DMA data 
transfers to/from disk without processor 
intervention 

• On-board priority logic arbitrates simultaneous 
memory accesses by disk, system bus or 
refresh logic 

DESCRIPTION 

The NEC Microcomputers BP-2190 Floppy Disk 
Controller/RAM is adual-purpose board. It com-
bines afloppy disk controller (FDC) capable of 
controlling up to four 8" standard or three 5'/4' 
mini-floppy disk drives with up to 48 kilobytes of 
dual-ported RAM. Dual-porting makes the RAM 
available both to the disk for Df.1A data transfers 
and to the host processor for data storage and pro-
gram -execution. The BP-2190 can be paired with 
any compatible single-board computer to make a 
very powerful two-board, floppy disk based 
computer system. 

~I~Illili 111. 1 ii it t` 
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BP-2190 
With on-board RAM and all necessary Direct Mem-
ory Access Control (DMAC) logic, the BP-2190 is a 
complete interface between the drives and any 
MultibusTM single-board computer system. It pro-
vides apowerful facility for the control of disk 
data transfers, and many of its features have been 
included specifically to minimize processor over-
head, All disk data transfers are under control of 
the FDC (µPD765) and DMAC (µPD8257) and are 
independent of the processor. Once a disk transfer 
has been requested by the processor, the FDC and 
DPJIAC work together to obtain the proper data 
and transfer it to/from the on-board memory 
through one of its dual ports. When the transfer is 
complete, the FDC notifies the processor by gener-
ating an interrupt. 

A single READ or WRITE command allows the 
transfer of a single sector, multiple sectors, an 
entire track or even an entire cylinder's worth of 
data (one track on both sides of the diskette). 
READ and WRITE operations may be performed 
on normal and/or deleted data fields. 

Execution of a FORMAT A TRACK command 
allows an entire track to be formatted in one disk-
ette revolution. The FDC supplies all information 
for formatting in either single- or double-density, 
except for 4 bytes in each ID field. The DMA con-
troller fetches these 4 bytes/sector, thus allowing 
the user to have non-sequential numbered sectors. 
SEEK and RECALIBRATE operations can occur 
on up to four drives simultaneously. 

Between FDC commands from the processor, the 
BP-2190 automatically polls all drive Ready lines; 
if one changes state (usually due to a door opening 
or closingl, the BP-2190 notifies the processor via 
an interrupt. This allows the processor to keep 
track of which drives are on-line or off-line. 

In addition to programmable selection of operating 
mode, key time intervals are selectable under soft-
ware control. Head load time (2 to 254 msl, head 
unload time (16 to 240 ms) and stepping rate (1 to 
16 ms) are programmable. For mini-floppies these 
times are automatically doubled. Either single-
density (FM) or double-density (MFM), singe 
sided ordouble-sided reading/writing can be selected 
under software control. 

An on-board crystal-controlled oscillator is the 
master clock for all board timing requirements. 

The data recovery circuit, which separates raw data 
into Data Window and RD Data signals, is capable 
of handling wide peak shift variations. Precompen-
sation circuitry is also employed during double-
density recording in order to improve performance. 

OPTIONS 

The BP-2190's powerful jumper option structure 
accommodates most floppy disk drives on the 
market. Along with the standard features, the BP-
2190's on-board jumpers allow selection of: 

• Standard or Mini-Floppy Drives 
• Internal or External Clock 
• Generate/Receive/Ignore Bus Clock 
• Memory Bank Base Addresses 
• FDC I/O Port Base Address 
• Memory Protect/Disable 
• Interrupt Line (1 of 91 
• Reset at Power-Up, by Software Command or 

External Switch Closure 
• XACK/ and/or AACK/ Acknowledgements 

In addition, four radial HEAD LOAD signals are 
provided, as are four general-purpose software con-
trolled output l ines useful for controlling mini-
floppy motors, Drive-In-Use lights, door locks, etc. 

ON-BOARD MEMORY 

The on-board memory is implemented with NEC 
µPD416 dynamic RAMS. Its dual-port architecture 
allows either disk data transfers to take place under 
DMA control, or for the host processor to have 
access to the memory. All disk data transfers occur 
between the drive and the on-board RAM. 

Each of the three memory banks of 16K are base 
address selectable at OOOOH, 4000H, 8000H or 
COOOH. Facilities are provided to deselect the 
entire memory either under hardware or software 
control. This feature is especially useful when 
system initialization ROMs are required to have the 
same base address as used by RAM. 

RAM refresh logic is provided, as well as priority 
circuits which arbitrate simultaneous disk, bus and/ 
or refresh memory access requests. 

SOFTWARE DISK DRIVERS 

A complete set of I/O Driver routines is supplied 
with the BP-2190 board. A complete, heavily com-
mented source fisting is provided in 8080 assembly 
language so that the user can easily understand and 
modify, if necessary, the software to fit his partic-
ularapplication. 

TM: Multibus is a trademark of Intel Corporation 
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BP-2190 
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Included in the software routines are READ, 
WRITE, FORMAT, SEEK, RECALIBRATE and 
DRIVE STATUS commands. These commands 
allow multiple sector READS and WRITES to occur 
under DMA control. Drive-related parameters such 
as head load time, head unload time, stepping rate, 
drive number, etc., are set up or controlled via a 
convenient i/O parameter block. 

These software driver programs allow a first-time 
user of floppy disk systems to get his BP-2190 
board "on the air" in minimum time. The serious 
OEM may wish to modify or to totally revamp the 
supplied software, and the accompanying docu-
mentation makes this task easy to do. 

PROGRAMMING 

Eight I/O Ports (relocatable via jumpers) are 
required to program the BP-2190. While most of 
the instructions are very simple single-byte trans-
fers, the DMA controller (µPD8257) and the FDC 
Controller (µPD765) require multi-byte transfers 
from the processor. These bytes may be supplied 
in an asynchronous manner, However, once the 
request for the disk transfer has been made, the 
operations of loading the head, finding the proper 
sector and transferring it to the on-board RAM 
occur automatically with no processor interven-
tion. After the disk transfer has been completed, 
an interrupt is generated and the processor must 
read out the results of the disk transfer. This 
read-out is typically a multi-byte transfer. 

CONTROL 
BUS 

OPERATION 

Most floppy disk controller operations are per-
formed in three stages: the Command Phase, the 
Execution Phase and the Result Phase. Each com-
mand is initiated by a multi-byte transfer from the 
processor, after which the BP-2190 executes the 
command in true asynchronous fashion. It signals 
completion of the command via an interrupt to 
the processor, which then reads the information 
presented in the FDC's Result Status registers. 

As an example, the reading of a sector on one of 
four drives into a specific block of on-board RAM 
would involve the following: 

PHASE PROCESSOR 
READ/WRITE 

FUNCTION OF 
INSTRUCTIONIS) 

Command 

W Specify memory starting address 
and block length to DMA. 

W Specify a Sector Read, select 
drive 

W Specify (current) track, head, 
sector number and bytes/sector 

W Declare track's final sector 
number and gap length 

Execution — 

Head is loaded, specified sector 
is located, data is recovered, 
reassembled and written into 
specified memory block — all 
with no further intervention by 
processor. Completion is sig-
naled by an interrupt. 

Result 

R 
Read status registers to deter-
mine success of execution phase, 
source of error if execution 
failed. 

R Read post-execution track, head 
and sector numbers. 

10 

711 



BP-2190 
FDC STATUS REGISTERS 

The FDC on the BP-2190 contains five status registers 
which supply the processor with extensive information 
about disk transfers. One of these, the Main Status Regis-
ter, may be read by the processor at any time. It indicates 
whether any of the FDDs are in Seek ~Aode (FDDO, 1, 2 
or 3 Busy), whether the FDC has aRead/1Nrite operation 
in process (FDC Busyl, and whether the FDC is ready to 
transfer commands from or results to the processor. 

The other four status registers are only available after an 
FDC operation has been completed. Three of these are 
presented after each Read or Write operation and supply 
detailed information on how the data transfer progressed. 
The fourth indicates the condition of the FDD itself. 

COMMAND SUMMARY 

Memory 

• Memory Read (processor reads a single byte of data 
from memory) 

• Memory tNrite (processor writes a single byte of data 
into memory) 

Disk 

• Read Data •Write Data 

• Read Deleted Data •Write Deleted Data 
• Read Track • Format Track 

• Read ID •Scan Equal 

• Seek • Scan High or Equal 

• Recalibrate •Scan Low or Equal 

• Sense Interrupt Status 
• Sense Drive Status 

• Specify (Head Load and Unload Times, Step Rates) 

• Set/Reset Auxiliary Outputs (e.g., Motor On/Off) 

I /O 

• DMA Data Channel 
• DMA RAM Refresh 

Channel 

• DMA Mode 

• External Control 
• FDC Status 
• FDC Data 

MULTIBUST"̂  COMPATIBILITY 
The BP-2190 is fully compatible with all mechanical and 
electrical requirements of Intel iSBCTM and National 
BLC MultibusTM systems. It will also operate as a low-
order 8-bit slave on the expanded MultibusTM (such as 
required by the 16-bit Intel iSBCTM 86/12). The BP-2190 
conforms to all MultibusTM voltage level, current level 
and timing requirements, and is ready to plug in and run 
as supplied. 

TM: i$BC is a trademark of Intel Corporation 

SPECIFICATIONS 

Media 

• Flexible diskette, 8" standard or 5'/a" mini 

• One or two surfaces per diskette 
• 77 tracks per surface (8"), 35 tracks per surface (5Ya") 
• 128/256/512/1024/2048/4096 bytes per sector single-

density 
• 256/512/1024/2048/4096/8192 bytes per sector 

double-density 

Transfer Rate: Rates are in kilobits per second 

DENSITY 
DIAMETER 

5'/< 8 

Single 125 250 

Double 250 500 

Physical Characteristics 
• Mounting —occupies one chassis or card cage slot 

• Height — 6.75 in (171.5 mm) 

• NJidth — 12.00 (304.8 mm) 
• Depth — 0.5 in (12.7 mm) 

DC Power Requirements 
• +12V ± 5%; 150 mA 
• +5V ± 5%; 1.3 Amps 

Environment 
• Operating: 0°C to 50°C 
• Non-operating: -55°C to+85°C 

• Humidity — up to 90% RH, non-condensing 

Documentation Supplied 

• UM-2190 Users' Manual 

DRIVES 

The BP-2190 directly interfaces with the following drives. 
Other types may require modification or additional inter-
facecircuitry and/or software. 

MANU- 
FACTURER 

8" FLOPPY 
DRIVES 

5.25" MINI-
FLOPPY DRIVES 

BASF — 6106,6108 

Caldisk 143M —

Memorex 550/552 —

MFE 500/700 Series —

Micropolis — 1015-1,2,4;1016-2,4; 

Persci 70,270,288 —

Pertec FD5x4,FD650 FD200,FD250 

Qume Datatrak-8 

Siemens FDD 200-8,100$ FD200-5, FD100-5 

Shugart Assoc. SA800,850 SA400,SA450 
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NBC 
NEC Quality Assurance 

Procedures 

One of the important factors 
contributing to the final quality of 

our memory and microcomputer 
components is the attention 
given to the parts during the 

manufacturing process. All 
Production Operations in NEC 
follow the procedures of MIL 
Standard 883A. Of particular 
importance to the reliability 
program are three areas that 

demonstrate NEC's commitment 
to the production of components 

of the highest quality. 

I. Burn-In —All memory and 
microcomputer products are 
dynamically burned in at an 

ambient temperature sufficient to 
bring the junction to a temperature 

of 150`C. The duration of the 
burn-in is periodically adjusted 

to reflect the production history 
and experience of NEC with each 

product. 100% of all NEC memory 
and microcomputer products 

receive an operational burn-in 
stress. 

I I. Electrical Test —Memory and 
microcomputer testing at NEC is 
not considered a statistical game 

where the device is subjected to a 
series of pseudo random address 

and data patterns. Not only is this 
unnecessarily time consuming, 

but it does not effectively 
eliminate weak or defective parts. 

NEC's test procedures are based 
on the internal physical and 

electrical organization of each 
device and are designed to 

provide the maximum electrical 
margin for solid board operation. 

For further information on 
NEC's testing procedures see your 

local NEC representative. 

II I. After completion of all 
100% test operations, production 

lots are held in storage 
until completion of two groups 
of extended sample testing: an 
operating l ife test and a series 
of environmental tests. Upon 

successful completion of 
these tests, the parts are released 

from storage and sent to final 
Q.A. testing. 
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NEC Electronics (Europe) Gmbh NBC 
EUROPEAN DISTRIBUTORS 

Austria 
Lucav GmbH 
Moserstrasse 39 
A-5021 Salzburg 
Telephone: 106222) 37501 
Telex: 633403 

Germany (Coot.) 
Electronik 2000 
Neumarkter Strasse 75 
D$000 Munchen 80 
Telephone: 10891434061 
Telex: 0522561 

Belgium 
Microscan GmbH 

Microtron 
Uberseering 31 

Boulevard~Edmond Machtenslaan 756 17 
D-2000 Hamburg 60 

B-1080 Brussels 
Telephone: (040) 6305067 

Telephone: 102) 5232217 
Telex: 0213288 

Telex: 22606 Italy 
Silverstar Ltd. S.P.A. 

Denmark 20, Via Dei Gracchi 
Mer-EI A/S I-20146 Milano 
Ved Klaedebo 18 Telephone: (0214996 
DK-2970 Hoersholm Telex: 332189 
Telephone: 121 571000 

Netherlands Telex: 37360 
MCA-tronix Intl. B.V. 

Finland 
Delftweg 69 

Oy Ferrado A/6 
NL-2289 BA Rijswijk (ZHI 

Box 54 
Telephone: 1151 134940 
Telex: 38314 

Valimontie 1 
SF-00380 Helsinki 38 Norway 
Telephone: 101 550002 Jacob Hatteland Electronic 
Telex: 122214 P.B. 25 

N-5578 Nedre Vats 

France Telephone: 1631 300130 

Alfatronic 
Telex: 42850 

La Tour D'Asnieres Sweden 
4 Avenue Laurent Cely Scapro 
F-92606 Asnieres P.O. Box 15034 
Telephone: 111 791 X4.44 Alvi ksvaegen 65 
Telex: 612790 5-16115 Bromma 

Telephone: l81 262510 
A.S.A.P. Telex: 1 7376 
Rue Des Trois Peuples 
F-78190 Montigny-Le-Bretonneux Nordqvist +Berg 

Telephone: 131 043$2-33 Box 9145 

Telex: 698887 Bergsunds Strand 37 
5-10272 Stockholm 

C.C.1. Telephone: 18) 690400 

36 Rue Etienne Marcel Telex: 10407 
F-75081 Paris 
Telephone: 111 261-55-09 

Switzerland 

Telex: 240835 Memotec 
Einschlagweg 2 

Satek CH-0932 Lotzwil 
41 Avenue Du General Leclerc Telephone: (063) 281122 
F-92516 Boulogne Telex: 68636 
Telephone: (11 609-08-05 United Kingdom 
Telex: 202561 

Macro Marketing Ltd. 

Germany 
Burnham Lane 

Elcowa GmbH 
Slough, SL1 6LN 

Strasse der Republik 17-19 
England, United Kingdom 

D$200 Wiesbaden 
Telephone: (062861 4422 
Telex: 847945 

Telephone: 106121165005 
Telex: 04186202 ITT Electronic Services 

Edinburgh Way 
Ultratronik GmbH Harlow 
Munchenerstrasse 6 Essex, CM20 2DF 
D $031 Seefeid England, United Kingdom 
Telephone: (08152) 7774 Telephone: (0279) 26777 
Telex: 0526459 Telex: 81525 



NEC Electronics (Europe) Gmbf1 
Karlstrasse 123-127 
D-4000 Dusseldorf 1 
West Germany 
Telephone: (0211) 36141 
Telex: 8587419 NECD 

EUROPEAN SALES OFFICES: 

France 

NEC Electronics France 
Tour Chenonceaux 

`204, Rond Point du Pont-de-Sevres 
F-92516 Boulogne Billancourt 
Telephone : 111 620 -6400 
Telex: 203544 NEC EF 

Germany 

NEC Electronics (Europe) GmbH 
Hanover Office 
Gutenbergstrasse 4 
D-3012 Langenhagen 
West Germany 
Telephone: (051 1 1 738001 
Telex: 9230109 NEC HD 

NEC Electronics (Europe) GmbH 
Munich Office 
Bayerstrasse 21 
D-8000 Munchen 2 
Telephone: (089) 591364-68 
Telex: 522971 NEC EM 

NEC Electronics (Europe) GmbH 
Stuttgart Office 
Solitudestrasse 218 
D-7000 Stuttgart 31 
Telephone: (0711) 881119 
Telex: 7252220 NEC SD 

Sweden 

NEC Electronics (Europe) GmbH 
Stockholm Office 
Bergtorpswagen 436 
S-18304 Taby 
Telephone: (08756) 7245 
Telex: 13839 NEC SCAN 

Netherlands 
NEC Electronics (Europe) GmbH 
Benelux Office 
33 Alard du Hamelstraat 
NL-5622 CC Eindhoven 
Telephone: 1040) 445845 
Telex: 51923 NEC B NL 

Italy 

NEC Electronics Italians S.R.L. 
Via Cardano 3 
I-20124 Milano 
Telephone: (02) 630368; 632646 
Telex: 315355 NEC IT 

United Kingdom 

NEC Electronics U.K. 
Midlands Office 
Devonshire House 
Bank Street 
Lutterworth 
Leicester, GB-LE17 4AG 
England, United Kingdom 
Telephone: 104555) 57151 
Telex: 342114 NEC UK 

NEC Ireland Ltd. 
Ballivor 
County Meath 
Ireland 
Telephone: (01) 287 461 /462/463 
Telex: 31779 NEC EI 

NEC Electronics U.K. 
116 Stevenston Street 
New Stevenston 
Motherwell; GB-M L1 4LT 
Scotland 
United Kingdom 
Telephone: 10698) 732221 
Telex: 777565 NEC UK 


