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2650 microprocessor keyboard interfaces 

In many computer systems, the vital link between 

computer and operator consists partly of a keyboard. 
The keyboard may be part of a larger unit, such as a 
teletype or VDU; in other cases, a simple keyboard is 
sufficient. . 

Standard keyboard units, containing full decoding and 
control circuitry, are readily available. However, these 
units are expensive. 

System 1 

A cheaper solution is to use the required number of 

keyboard switches and perform the tasks of detection, 
contact-bounce suppression and switch encoding by 
software. This also results in a keyLoard which is custom 
built for the microcomputer system. This publication 
describes four such keyboards. 

Of the four keyboard types described here, two require 
regular sensing of the inputs by the software, while the 
other two rely on hardware-generated interrupts and an

interrupt program to scan the keyboard. A listing of the 

software required for each system is given in Appendix A. 

System I is designed to detect and encode up to eight 
key-switches, using regular software scanning of the 
inputs. The hardware and connections to the 2650 
microprocessor are shown in Fig. 1 and a flow chart of 
the software in Fig. 2. 

A depressed key causes a `1' on the corresponding bit of 
the data bus. The program accepts the data from the data 
bus and generates the appropriate code for the key by a 
simple algorithm, after a short delay to eliminate the 
effects of contact-bounce. 

The program now loops until it senses that no key is 
depressed and then waits a further 11 milliseconds to 
allow for contact-bounce before scanning the switch 
inputs again. This program thus holds the computer in a 
loop while a key remains depressed. If two keys are 
depressed at once, the key of lesser significance is 

detected. 

The bounce-suppression delay of 11 milliseconds 
corresponds to a clock frequency of 1 MHz. The program 
assumes that there are no other I/O devices connected to 

the data bus: otherwise the keyboard buffers must be 
inhibited during I/O to other devices. 

The keyboard is treated as a peripheral connected to the 
non-extended I/O port C of the 2650. 
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Fig. 1 Hardware for eight-key keyboard, system 1. 

System 2 

System 2 is designed to detect and encode up to sixteen 
keys. It uses the same method as system 1, but employs 
the FLAG output to select alternately the two banks of 
eight switches. More sophisticated software allows the 
subsequent detection of a second key if two are depressed 
at the same time and the first is released after detection. 
If the FLAG output is already in use, other signals can be 
used in its place, e.g. D%C, E/NE, with an appropriate 
change in the program. 

Figure 3 shows the code table for the circuit of Fig. 4 
which shows the hardware and connections to the 2650, 
while the flow chart of the software is given in Fig. 5. 
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Fig. 2 Flow chart of the software for keyboard system 1. 
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Fig. 3 Code table for the circuit of Fig. 4. 
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Fig. 4 Hardware for the 16-key keyboard, system 2. Fig. 5 Flow chart of the software for keyboard system 2. 
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System 3 

System 3 detects and encodes 32 keys in a 4 x 8 matrix. 
Processing time is minimized by the use of an interrupt 
program to scan the keyboard input. The interrupt is 
generated by hardware when a key is depressed. 

The hardware is shown in Fig. 6, with the appropriate 
timing waveforms in Fig. 7. A flow chart of the software 
is given in Fig. 8. 

When a key is depressed, one of the eight inputs to the 
OR gate becomes low and causes the INTREQ flip-flop 
to be set. The four scan lines are driven low by the signal 
ADR13-E/NE (ADR13 is assumed to be unused). After 
receiving the interrupt request, the microcomputer 

INTREO~ 

responds with the interrupt acknowledge signal (INTACK). 
The INTACK signal selects the A inputs of the multi-
plexers, setting the interrupt vector address determined 
by the wire links onto the data bus. This address is then 
used to locate the keyboard interrupt routine. 

The interrupt routine contains four REDE instructions 
which sequentially sense the four scan lines. After 
bounce suppression and processing, the INTREQ flip-flop 
is reset. When the key is released, contact bounce can 
cause setting of the INTREQ flip-flop and entry to the 
interrupt routine. The bounce-suppression delay will 
prevent a second detection of the key. 
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Fig. 6 Hardware for 32-key keyboard, system 3. 
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Fig. 7 Timing diagram for keyboard system 3. 
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System 4 

System 4 uses an 8 x 8 matrix to detect and encode 63 
keys. Figure 9 shows the hardware while Fig. 10 shows 
the flow chart of the software. The matrix is scanned 
every 100 milliseconds by an interrupt routine: a 10 Hz 
oscillator drives the INTREQ line. 

When the INTREQ flip-flop is set, the microcomputer 
replies with the INTACK signal, which causes the multi-
plexers to set the interrupt vector address on the data bus. 
This gives the start address of the keyboard interrupt 
routine. 

In the interrupt routine, each column is sequentially 

OPACK ~~ ~---{---~--~ 
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D BUS7 • ~ BA7 Bg7 O 
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Ge-DIODES 

scanned by the instructions WRTC, RO and REDC, R2, 
RO contains a single `1' which is rotated one bit position 
after each scan. Register R2 is loaded with the informa-
tion from the column scanned. The bounce-suppression 
delay prevents key-bounce from causing another key 
detection. 

The system has three memory locations to store the 
depressed keys, so that up to three keys can be detected, 
awaiting processing. It is assumed that the main program 
fetches key-codes from the key buffers (LOCI, LOC2 
and LOC3) and then performs the appropriate key action. 
When this action is complete, bit 7 of the key buffer is 
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Fig. 9 Hardware for 63-key keyboard, system 4. 
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set, informing the interrupt program that the key-code is 
no longer required. After release of that key, the next 
execution of the interrupt program will result in the 
contents of that buffer being erased and the remaining 
key-codes in the other buffers being shifted up in the 
buffers. For example, if the key-code in LOC 1 has been 
processed (LOCI bit 7=1) the contents of LOC2 are moved 
to LOCI and the contents of LOC3 are moved to LOC2. 
LOC3 then contains zeros. The next key to be entered 
will then be stored in LOC3. 

Bit 6 of a key buffer is set whenever a key is released 
before its action has been executed, to provide discrimina-

INTERRUPT

/leach 100 ms) 

SAVING OF PSWL, RO 
SEL BNK # 1 

LOAD RO WITH O7 
LOAD R1 WITH H'3F' 

(ACT1) 

LOC 1, 2,3 

tion between a key that has already been stored and is 
still pressed and a key that has been pressed for a 
second time, requiring its code to be stored as the next 
key-code. 

The 10 Hz interrupt clock allows the user to enter 
characters at a rate of 10 per second; this rate can be 
increased by using a faster interrupt clock. To prevent 
incorrect key detection when three keys are depressed at 
the same time, a diode, not shown on Fig. 9, should be 
connected in series with each key-switch. 

Position 00 of the key matrix is not used because this 
code is already used to indicate an empty buffer. 
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APPENDIX A. Listings of the software for the keyboard systems. 

TWIN RSSEItBI.ER VER 2.1 

LGC OBJECT HDDR E SRR 

2 
3 
4 
5 
6 
7 
8 
9 
18 
11 
12 
13 
14 
SS 
16 
17 
18 
19 
29 
21 
22 
23 
24 

25 
26 
27 
2R 
29 

Llu.' t~.IECT RDDR E STMT 

9458 40 
8459 7598 41 

8452 30 42 
8453 18?D 0452 43 
0455 3F8479 8479 44 

45 
46 

04:5? 3R 47 
845u 5s;a2 N45D 4R 

SGt1RCF LINE 

ORG N'459' START RDDRF55 OF PROGRRM 

CPSL WC 
DET RF.DC,R9 TEST FOR KFVRCTIViTY 

BCTk.2 UET RPRNf;11 IF NO RCTIVE KEV 
RSTR. I_w DI ~ IaRANCN Tn a10R OLV IF KEV RCT 

t 
t 

REDC,RB TFST IF KEV IS STILL PRESSED 
BRNR,RO KEY IF NnT RETURN TO KEVDFTECTION 

0458 1875 0452 49 BCTR, IJN 11ET 
59 r 

SS r 

9450 ~ 52 KEY LUDL Ri 98 
SOUtCE LINE 945F 59 53 LOOP RRR,k9 INCREMENT R1 LITTILL R SINGLE 

8469 1E8465 0455 54 RCTR,N EXEr, ONE IS FOIAA IN BIT 7 GF R9 

8463 O47R 945E 55 BIRR.Ri LOOP 
; DEFINIT10N5 OF 5YM80L5: 56 
s 57 
R0 EAII 8 PROCESSOR REGItiitKti 0500 58 EXEr, CAtG H'S99' 
R1 EAU 1 59 

R2 F.AU 2 6R +PRt~55ING GF RCTIVRTED KEV+ 
R3 EAU 3 61 
S E6U H'BB' PSII' SENSE 0508 SF8479 8470 62 BCTR.UN KREL 
F E9U H'48' FLRG 63 t 

II EQU N'28' INTERRUPT INHLRIT 64 s 

SP EAU H'87' STICKPOINTFP 9478 55 ORG N'479' 
CC FAU H'CA' PSL CRNDITION CtIDF 9478 3A 66 KREL REDC,RB TEST !F KEV !S RELERSED 

IOC EQU H'2R' INTER OLGIT CRPRV 8471 587D 0479 67 RRMt, R9 KREL 6RRNCII IF KEY RCTIVE 
RS EAU N'10' REGISTER RRNK SELECT 0473 3FN479 0479 68 BSTR•LN OLV TRRILING BO1114CE DELRV 
HC EAU N'R9` S~IITN, a~lO CRRRV 0476 iF9452 8452 69 BCTR.UN OFT RETIlRII TO DET FOR lEFI KEYRCT 
OVF EAII N'R4' ttVERFLOW 78 s 
COM EA~1 N'R2' 1=it1Ci., 9~IRITH COMP 71 s 
C EAU N'BS' CHRR~'/NO BORROW 72 +SUBROUTINE DELRV 
2 FAU R RRRNCH C111A • 7FRO 0479 9685 73 DLV LODL R2 05 
P FAIJ 1 POSITIVE 0478 29 74 EORZ R8 
N EAU 2 NEGRTTVF. 847C F87E 947C 75 BDRR. R9 f 
E8 EAfJ A FAURI_ 047E FR7C 847C 76 BDRR,R2 f-2 
GT FAU 1 GR"cRTER TNRN 9489 17 n RETc, ItH 
LT F(~J 2 LESS THAN 7a s 

LN EAU 3 IRICsOI[~IT1ONRl. 79 • 

Ri EAU 9 RLL BITS RRE 1 END 
NS EAU 2 NOT RLL BITS RPE i 
s 9 TOTRL RSSEMBLV EF'icLKS 

1:'ig. AI. Definitions common to all software. N'ig. A2. Assembly listing of the software for keyboard system i. 
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THIN RSSEMBLER YER 2.1 

LOC OBJECT ADDR E STMT ShcitCE LINE 

31 sJM3 75122312.00 
32 s 
33 
34 
35 
36 

sKEVENCODING 

37 sTHlS PROGRRM ENCODES 16 SINGLE NORMRLLV OPEN KEYS 
38 sT0 R 4 BIT CODE IN TFIE 4 LOW ORDER BITS OF R1; 
39 sMRX. KEVBOUNCEDELRY IS ii MSEC; 
40 s2~4Y R9LL-0VER. 
41 
42 s 

0450 43 ORG H'450' STRRT RDDRESS OF PROGPRM 
44 s 

9458 75~ 45 CPSL NC 
0452 i2 45 DET SPSIJ TOGGLE FLRG IN ORDER rn DRIVE 
0453 2440 47 EORI, RB F NI-OR11FR/1_D-(1RDER KFVS 
0455 92 48 LPSU 
0456 ?0 49 REDC•R0 
0457 1879 0452 59 BCTR.7 DET BRRNCN IF NO KFV Rr'TIVF 
8459 3F047C EW7C 51 BSTR,UN DLV BRRNCH TO 4.~ DLV 

52 s 
945C ?9 S3 REDC,RB TEST IF KEV i5 STILL PRESSED 
045D 5802 0451 54 BRNR,RB KEY IF NnT RFTtr?N TO KEYDETECTION 
845E 1071 8452 55 BCTR,IJN DET 

56 s 
8461 C2 57 KFV STRZ R2 
8462 8500 58 LODI,RS 80 
8454 SR 59 LOOP RRR,RB INCREMENT RI UITILL R SINGLE 
0465 iR82 0469 68 6CTR N RDV ONE IS FDUD IN BIT 7 OF RR 
0467 6978 8464 51 BIRR,R1 LODP 

62 
8469 8440 6z RDV TPSIJ F IF FLPG SFT SET BIT ? 
8466 9882 046E 64 BCFR.RS EXEO OF Ri 
046D 6508 55 IORI,R1 N'08' 
046E iF97R8 0700 56 EXEO BCTR•~N EXEC 

67 s 
0472 30 58 KREL REGC,RB 
0472 42 69 RNO2 k2 BRRNrJl IF EXECllTED KEY pELERSED 
0474 587C 8472 70 BRNR RB KREL (NEN KEV MRV BE ENTERED) 
0476 ?F947C 047C 71 BSTR•UN DLV 
0479 iF0452 0452 72 BCTR•~N DET 

73 s 
74 s51JB~TfINE DELRY 

R47C 8505 75 DLY LODI•Ri 05 
047E 20 75 EORZ R0 
047E F87F 947E 77 BDRR,RB f 
9481 F97C 047E 78 BDRR,R1 f-2 
8483 i7 79 RETG lAl 

£41 
81 s 

0700 H2 ORG N'700' 
R2 ssssss# 
84 sPROCESSINfi DF RCTIVRTED KEVs 

0780 SF0472 0472 B6 EXEC BCTR,UN KREL 
87 s 
88 FND 

TOTRL R55E?fBLY ERRORS 0 

Fig. A3. Assembly listing of the software for keyboard system 2. 
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31 *JMB 76@123-14.09 
32 * 
33 
34  
35 MCE1'ENCODING 
36 
37 *THIS ROUTINE ENCODES 32 NORMRLLV-OPEN SWITCHES• 

38 *POSITIONED IN R 4 X R MRTRIX TOR 5 RIT tYKrE IN THE 

39 *5 LOW-ORDERBITS OF Ri; 
40 *TNE ROUTINE STRRTS RFTER RECEIVING RN IHTFRRIIPT 

41 *RE9lEST SiGNRL FROM THE KEYBORRD-SIMJ9t; 

42 *THE MRTRIX IS SCAi#ED RND SENSED BV LSING PEAR 

43 *EXTENDED 1/0 INSTRtICTIONS;THJS ERCH SCRNI.INE KITH 

44 *SNITCHES REPRESENTS RN EXTERNRL I!0 bFVICF; 

45 *TEE NRIN PROGRRM IS fYJNTIINJFD AFTER DETECTING. 
46 *OECODINfi AND STORING OF THE_ PRESSED KEY; 
47 *REGISTER R3 IN BOTH i#RACS TS RSSLRED TO RF FREE; 

48 *iWSt. KE'IB<JIRICEDELRV iS ii MSEC 
49 

8477 51 
52 
53 
54 *SRYING <K USED RFGItiItRti 

0477 CC069B 860@ 55 STRR.RB LOCI 
A47R f119F91 8601 56 STRR, Rl Lp(:2 
847D 13 57 SPSL 
047E Cs ~ STRZ R3 

59 ****apt* 
6R *START OF KEVSCAN 

947E 7588 61 
9481 f~S 62 
9483 29 63 
8484 F87E A484 64 

9486 F97C 9484 65 

66 * 
8408 9507 67 LODI•Ri H'A7' SFT Ri TR 7 

848R 54FE 68 REDE,RB H'FE' RCTIVRTF,>~NSF SEAN 8 LTNF 

94RC 5814 84H2 69 BRNR,RB UECB 9RANI~1 iF R;TiVE KFV FfMRdr 
94th 54FD 78 RFDE,RO N'FD' ArT1VRTF/SFNSE SCRN 1 LINE 
9499 5£~ 04A9 71 C?kfF~RA DECi BRF4Jr.H IF At'Ti5'F KEY Fro um 
0492 54FB 72 REDE,RB H'FB' RCTIVRTF/SFNSE SCfpl 2 1..iNE 
0494 5008 A49E 73 Ems, RB DEC2 H IF AI'TI'dF KFV FU.Rfr 
8496 54F7 74 REGf,RB H'F7' RCTIVRTE/SFIISE STAN 2 LINE 
0498 5802 0490 75 BRNR,R9 OEC3 BRRNCFi IF W'TiVF KFV FtuBNr 
R49q iFaIF 76 RCTR•LN REST RFANCII r0 PFSTORF 

77 * 
Ba9C 8.508 7R DEC3 RD[r1,R1 H'A8' MODIF'.' RiTS a AND 

849E 8588 79 DEC2 RDDI,R1 H'98' MODIFY BiTS 4 At4r 

8489 8598 ~ DECi RD(ri,Ri N'08' MODIFY RiTS a AND 
81 * 

9482 68 82 DEC9 iORZ RB DECREMENT RS IkJTiI_I. A SiNi~F 
8485 1603 04A0 83 fk;TR.N STtYt f#F TS Ff1I WI; IN RIT ? r•~F RA 
8485 D9 A4 RRL,R9 
0406 F97A 0482 85 PORR.Rt DFC9 

~ * 
84A8 CD0692 9602 87 STOR STRR,RS LU.3 

8R 
R9 *RESTORING OF I.ISED REC,ISItkS 

84F43 R3 90 REST I.ODZ R3 tR3) TO RB 
04RC 9< 91 I_PSL cR0) TB PSI. 

84RD Ar,P6T~ 8600 92 LODR,RB Lix'1 RESTORE R9. il' IS RFFECTFD 

8488 86A601 8681 93 LODR,R1 LOC2 RESTORE. R1; CC IS RFFECTED 
9483 47r.0 94 RNDI,R3 H'C8' RECONSTRI~:T Cf TN FSI 

95 

046.:, R9 96 iETC,R9 RESET INTREfJ FF 
84E~ 37 97 RFTE.I.N RFT1_IRN TO MAiN PRfY>'R~1: FNrun_E 

98 * INTERRUPT 
AC.58 99 ikG N'f.NO' 
R6f±fl 188 LOCI RFS 1 
8601 181 LOC2 PES 1 
9692 182 LOC3 RES 1 

103 END 

*sw,****s 
* 

ORG N'477' START ~ KEYBOARD TNTFRRIPT 

~ERVICF ROUTINE 

SAVE PB TN I.001 
SAVE Ri IN I DC2 
[PSL) TO RA 
cRA) r0 R3 

******wr*s*# 

. . ...... .... . ... 

TOTRL RSSEMBLY ERRORS 8 

CPSL 
LORI, Rl 
EORZ 
BORR,RB 

BDRR•Ri 

WC 
05 
R9 
f 

f-2 

INiTIAI_TZE 
PRESET FOR Rry11M'ETrELRY 

ROLNfEDFLRV <11MSEf) 

STORE tRi) tN lOC ' 
 *raa~ta~s=ts*s*+r~s 

fig. A4. Assembly listing of the software for keyboard system 3. 

10 



ZF 
37 

?6 

4R 

41 
4? 
a3 

a4 
45 
45 
47 
4R 
49 

51 
9459 52 
9458 7528 53 
8452 7510 54 
8454 29 55 
0455 R7R6 55 
9457 CF4599 0609 57 
8458 5876 8457 SR 
MSC 7429 59 

60 
M77 51 

62 
63 
54 

M77 000595 8595 55 
M7R 13 55 
M76 C3 67 
M7r; 7719 68 

59 
78 

M7E 7598 71 
9488 7792 72 
M82 BS3F 73 
9484 M91 74 
Mks R9 75 
8487 32 76 

77 
M88 9793 7R 
9489 Tr,8604 9694 79 

/t 94RD 9F4699 P6B0 89 
f 1 M90 443E 81 

M92 Ei 82 
8493 1897 M9C 83 
M95 5875 846D R4 

65 

TWIN TtSSFMkI.FF' VF.R 2 1 

LEI[: U6JEi'T PDDR E STMT SUIut:F LINE 

31 *.JhFt 768212-19 39 
3`[ * 

7 ( #*###**#*##**~tlnk***+k**#**#ik#*#*#*~I**##**##**#*#*# 

34 w***:************************►********************* 
35 **KEYFIICUD1Hi 

u***s********rs****s*****t************************* 
*THIS PTuRiNE EIrUDFS 53 KFV-SNITfFIFS FUSITIONFD TN 
*R 8 X 8 MRTRIX iNTn R 5 RTT CODE 
#RT~I iR9 MSFC THE MRIN F'kCY,kRM i~ INTFRREPTED kY 
*THIS KE'BORR[>-SERVICE ROUTINE; 
*UP TO 3 KEVCODES CRN BE STORED: Sn R MRXIMRI nF 3 
*t<FY-SWITCFlFS CfW RF l>f~ RT R TIME; 
*SUCCfSSIVELV ENTERED KEVS NII_L ~ STORED ]N PRM 
+~IOCATIUNS LOCL LOC2 FM t(r3; 
*LOCI HRS FIRST Pk10RITV TO RF SERVED BY TFF MRTN 
*PRf.Y,T?RN FULI ONED RI' L.002 RND LUC3: 
+47EGISTERBRNK31 1S IKFD ULRLNG iNTFRRLPT; 
+EEG R3 BNK38 i5 SIPPOSED TO 6F FREE FOR SPVING PSL 
***~~*s******aaa~************s***~**************** 
s 
*POIER ON INITIRLIZE OF MRINPROGRRM 

ORG N'459' 
PPSU II INHIkTT TNTERRIPT 
CPSL RS gLECT MRLNPROGRPII RFG RRNIcfR! 
EORZ RR ft.FRR RB 
U1DI•R3 96 SFT TNDFX TO % 

INIT STRR, RP LOCL R3, - CI.FRR I.001--L UC5 
BRNR•R3 INIT 
CPSU 11 ENRRLF INTERRLPT 

********~a****sssss*ter*Fw~***t*,la w~***********s* 
URG H'477' STRRT OF KEYBf_IRRl1 TNTFRRf_PT 

* SERV1~ R01_RINE 
*tu*a~******aa****#*s*s**wwr***********#*t******** 
*SPVTNG OF LKED REGIStEl4 

STRR,RB LOC6 SRVE RR [N I.fr6 
SPSL (P5L! TO RR 
STR7_ R3 (R9) TO R3 
PPSL RS SELECT 1NTERREPT RFG BRNK t31) 

am*************t~wwrs* ***#** 
*STRRT OF KEVSCgN 

CPSL Wf OPERRTIONS NITIIOITT CgRRV 
PRSL Cl1M I.OGICRL COMPRRE 
LEY1I•R1 H'3F' SET R1 TO THE MR)f KFVCnDf 
LTIDI,RB 81 SET LSB OF RB 

RCTl li<tTGRB frT1VRTF ONF ROIiL1NE 
REDC,R2 RERD CAUMIINFO INTO R2 

* 
TES LOD]•R3 83 SET INDEX TO 3 

STRR. R8 L005 SRVE SCRIIREfi iN L(IC5 
COMP LODR.RB LOC1,R3,- FETCH KEVT_AOEIIEM LOCRTIUN 

fIDLRB H'3F' CLEAR 11PpER 2 BITS 
COMZ R1 CAIPf1RE LOG RND KEYCODEREG 
BCTR,ER EOL BRPNCN IF EOIIRL 

CIM11 BRNR, R3 (X1MR 
* 

THIN RSSEMBLER VER 2.1 

LOC OBJECT 

M97 92 
849E 9R3R 
8498 1827 

M9C 82 
M9D SRS6 
849E 8F65B9 
8482 9RRf. 

RDDk E STMT 

86 
84D4 87 
8403 68 

R9 
9B 

8467 91 
8500 92 
0480 93 

94 

SOURCE LINE 

LODZ R2 SET CC LADE 
BCFR,N ROT BRANCH IF NO RCTIVE KEY FL11AD 
BCTR,LR! 6EIP 6RRNCH IF NEW KFY FUIR#f 

* 
FOL LODZ R2 SET CC. CODE 

6CTR~N FLRT BRFItM'FI IF RCTIVE KEV FIYM 
LODP,RB LOOS. R3 FFTC11 KFVfY1DFlEM LOCRTION 
PfFR,N FLRS BRPNI,H IF KFY NLLT F~iECUTEO 

0484 9F26B8 8589 95 IPDR LODR,RB LOC1.R3.+ 
0487 CF65FF 85FF % STRR.RB LOCS-i,P.3 LIPDRTE KEYfXJDEfElKJRYLOCATIONS 
04RR F703 97 TNi,R3 93 
04AC 9075 84A4 9R E1fFR, R1 IIPOR 8RPN1.H IF 1NDFX NOT EA 3 
04PE 1824 94D4 99 BCTR, IIfL ROT 

109 
8460 6440 101 FLRS IORI,RR H'48' SET RIT 5 f.IF RB 
0482 CF6698 0589 182 STRR, RB I.fC.L R3 
9485 S65F 0495 183 BCTR, IJN CAM1 

SEW * 
0467 9F6689 0689 105 FLRT LODfi, RB LOC1. R3 FETCH KEYCODEIEM.LOCATION 
8488 F440 106 TMI•R9 H'49' 
9480 9616 84D4 107 BCFR,R1 ROT RRRNTN TF RIT 5 IS R 
048E 448E 186 RNDL RB N'BF' CLFRR RIT 5 OF RR 

9400 CF6500 0500 iB9 STRR,RB L(f1,R3 
110 * 

0403 87FF lii BEEP LODI,R3 H'FF' 
8405 0F2688 8666 lit LOOP LODR, RB LUCi, R3. + 
8408 1806 8469 113 BCTR,Z STOR BRPNCH IF KEVBUFFER EMPTV 
04CR F702 114 TMI~R3 82 
MCC 9677 R4C5 115 BCFR, R1 LOGP RRRNf:H IF INDEX, Nf1T FA 2 
MCF 1604 84D4 116 BCTR,IJTI ROT R FOURTH KEV HRS OFEN ENTERED 

117 * RND TAN RF 1GWIRFD 
MI)R 8t 116 STOR LODZ Rl 
MD1 CF6699 8500 SL STRR~RB LOCL R3 STTIRE KEVCAf>F IN RPMLErRTIOH 
84D4 BCA594 9504 129 ROT LODR,RB LOCS RESTORE SCRNREG. 
84D7 D2 121 RRL,R2 ROTRTF COLLFNTNFO 1 X LEFT 
MDR F962 B4DC 122 BDRR, Rf NFC 
84DR 1809 R4E5 123 BCTR.UI REST EIFFINIJl IF Rlt KEVPUSLTILM4S 

124 * RRE SCANNED 
B4DC_ F5R7 125 NEC TM],Ri H'97' 
840E 900486 M86 125 BCFR,R1 TES 6RPNC11 iF COLlM15CHM1 NOT RERDV 
84E1 DB 127 RRL,RQ ROTRTE SCRNREGISTER 1 X LEFT 
94E21FM86 9466 128 BCTR, L1H ROTS 

129 * 
139 w*#*********ta***w*naw ws**,t#***s***k*~aoe****# 

*RESTORING OF USED REGISIEIM 131 
94E5 7518 132 REST CPSL RS SELECT MRLNVROGRfTII pFfi RR1Mr3R! 
R4E7 R3 133 LODZ R3 ~R3) TO R9 
84E6 93 134 LPSL tR9} TO PSL. 
ME9 906605 0605 135 LOOP,RB LOC6 RESTORE R0; [A IS PFFECTFD 
94EC 47CR 135 RNDT•R3 H'(_'R' RFCENISTRUCT CC 
04EE 37 137 BETE, qN RETURN TO MAIN PW_IGeRM: 

136 ENRRI.F INTERRI.PT 
139 

P599 146 ORG H'S89' DEFINITION OF RRMITICRTIONS 

950N 141 LDC1 RES 1 6LIFFER FUR FIRST ENTERED KEV 
9661 14<^ LUC2 RES 1 BUFFER FnR SFCAND ENTERED KEY 
0502 143 LEIC3 RFS 1 6UFFFR FnR THTM! ENTERED KFY 
Rr:O? 144 LEra RES i IISF[1 Ff1R I.PDRTE ~ ~! 
RFAS 145 IACS RES 1 TEIPUPRPV SRV1M; nF RR 
knRS 146 I.nCS RES 1 SRVING nF RR RFFURF 1NTERP 

147 END 

TOTRL FKiEMRI V FPPCE'S 9 

1'ig. A5. Assembly listing of the software for keyboard system 4. 
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Related 2650 publications 

no. title summary 

AS50 Serial Input/Output 

AS51 Bit &Byte Testing Procedures 

AS52 General Delay Routines 

AS53 Binary Arithmetic Routines 

AS54 Conversion Routines 

AS55 Fixed Point Decimal Arithmetic 
Routines 

SP50 2650 Evaluation Printed Circuit 
Board(PCI001) 

SPS1 2650 Demo System 

SP52 Support Software for use with the 
NCSS Timesharing System 

SP53 Simulator, Version 1.2 

SP54 Support Software for use with the 
General Electric Mark III Timesharing 
System 

SP55 The ABC 1500 Adaptable Board 
Computer 

SS50 PIPBUG 

SS51 Absolute Object Format 

MP51 Initialization 

MP52 Low-Cost Clock Generator Circuits 

MP53 Address and Data Bus Interfacing 
Techniques 

MP54 2650 Input/Output Structures and 
Interfaces 

TN 064 Digital cassette interface fora 2650 
microprocessor system 

Using the Sense/Flag capability of the 2650 for serial I/O interfaces. 

Several methods of testing the contents of the internal registers 
in the 2650. 

Several time delay routines for the 2650, including formulas for 
calculating the delay time. 

Examples for processing binary arithmetic addition, subtraction, 
multiplication, and division with the 2650. 

• Eight-bit unsigned binary to BCD 
• Sixteen-bit signed binary to BCD 
• Signed BCD to binary 
• Signed BCD to ASCII 
• ASCII to BCD 
• Hexadecimal to ASCII 
• ASCII to Hexadecimal 

Methods of performing addition, subtraction, multiplication and 
division of BCD numbers with the 2650. 

Detailed description of the PC1001, an evaluation and design tool 
for the 2650. 

Detailed description of the Demo System, a hardware base for use with 
the 2650 CPU prototyping board (PC1001 or PC1500). 

Step-by-step procedures for generating, editing, assembling, punching, 
and simulating Signetics 2650 programs using the NCSS timesharing 
service. 

Features and characteristics of version 1.2 of the 2650 simulator. 

Step-by-step procedures for generating, editing, assembling, simulating, 
and punching Signetics 2650 programs using General Electric's Mark III 
timesharing system. 

Describes the components and applications of the ABC 1500 system 
development card. 

Detailed description of PIPBUG, a monitor program designed for use 
with the 2650. 

Describes the absolute object code format for the 2650. 

Procedures for initializing the 2650 microprocessor, memory, and I/O 
devices to their required initial states. 

Several clock generator circuits, based on 7400 series TTL, that may be 
used with the 2650. They include RC, LC and crystal oscillator types. 

Examples of interfacing the 2650 address and data busses with ROMs 
and RAMS, such as the 2608, 2606 and 2602. 

Examines the use of the 2650's versatile set of I/O instructions and the 
interface between the 2650 and I/O ports. A number of application 
examples for both serial and parallel I/O are given. 

Interface hardware and software for the Philips DCR digital cassette 
drive. 
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