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DATA HANDBOOK SYSTEM

To provide you with a comprehensive source of information on electronic compo-
nents, subassemblies and materials, our Data Handbook System is made up of three
series of handbooks, each comprising several parts.

The three series, identified by the colours noted, are:

ELECTRON TUBES (9 parts) BLUE

SEMICONDUCTORS AND INTEGRATED CIRCUITS (5 parts) RED

COMPONENTS AND MATERIALS (5 parts) GREEN

The several parts contain all pertinent data available at the time of publication, and
each is revised and reissued annually; the contents of each series are summarized
on the following pages.

We have made every effort to ensure that each series is as accurate, comprehen-
sive and up-to-date as possible, and we hope you will find it to be a valuable source
of reference. Where ratings or specifications quoteddiffer from those published in
the preceding edition they will be pointed out by arrows. You will understand thatwe
can not guarantee that all products listed inany one edition of the handbook will re-
main available, or that their specifications will not be changed, before the next edi-
tion is published. If you need confirmation that the pusblished data aboutany ofour
products are the latest available, may we ask that you contact our representative. He is
at your service and will be glad to answer your inquiries.
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ELECTRON TUBES (BLUE SERIES)

This series consists of the following parts, issued on the dates indicated.

Part 1

Transmitting tubes (Tetrodes, Pentodes)

Part 2

Tubes for microwave equipment

Part 3

Special Quality tubes

Part 4

Receiving tubes

Part 5

Cathode -ray tubes
Photo tubes
Camera tubes

Part 6

Photomultiplier tubes
Scintillators
Photoscintillators

Part 7

Voltage stabilizing and reference tubes
Counter, selector, and indicator tubes
Trigger tubes

Switching diodes

Part 8

T.V. Picture tubes
Part 9

Transmitting tubes (Triodes)
Tubes for R.F. heating (Triodes)

July 1970

January 1970

Associated accessories

February 1970

March 1970

Miscellaneous devices

April 1970

May 1970

Photoconductive devices
Associated accessories

June 1970

Radiation counter tubes
Semiconductor radiation detectors
Neutron generator tubes
Associated accessories

July 1970

Thyratrons

Ignitrons

Industrial rectifying tubes
High-voltage rectifying tubes

August 1969

December 1969

Associated accessories
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SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES)

This series consists of the following parts, issued on the dates indicated.

Part 1 Diodes and Thyristors

General

Signal diodes

Variable capacitance diodes
Voltage regulator diodes

Part 2 Low frequency; Deflection

General
Low frequency transistors (low power)
Low frequency power transistors

Part 3 High frequency; Switching

General
High frequency transistors

Part 4 Special types

General

Transmitting transistors
Field effect transistors
Dual transistors

Part 5 Integrated Circuits

General

Digital integrated circuits
FC family; standard temperature range
FC family; extended temperature range
FD family
F] family; standard temperature range

February 1970

September 1969

Rectifier diodes
Thyristors, diacs, triacs
Rectifier stacks
Accessories

Heatsinks

October 1969

Deflection transistors
Accessories

November 1969

Switching transistors
Accessories

December 1969

Diodes and transistors for thick-and

thin-film circuits
Photo devices
Accessories

February 1970

Linear integrated circuits




COMPONENTS AND MATERIALS (GREEN SERIES)

This series consists of the following parts, issued on the dates indicated.

Part 1 Circuit Blocks, Input/Output Devices September 1969
Circuit blocks 100kHz Series Circuit blocks for ferrite core

Circuit blocks 1-Series memory drive

Circuit blocks 10-Series Input/output devices

Circuit blocks 20-Series
Circuit blocks 40- Series
Counter modules 50-Series
Norbits 60- Series

Part 2 Resistors, Capacitors November 1969
Fixed resistors Polycarbonate, paper, mica, polystyrene
Variable resistors capacitors
Non-linear resistors Electrolytic capacitors
Ceramic capacitors Variable capacitors
Part 3 Radio, Audio, Television January 1970
FM tuners Television tuners
Coils Components for black and white television
Piezoelectric ceramic resonators Components for colour television

and filters Deflection assemblies for camera tubes
Loudspeakers Audio and mains transformers

Electronic organ assemblies

Part 4 Magnetic Materials, White Ceramics March 1970
Ferrites for radio, audio Ferroxcube transformer cores
and television Piezoxide
Ferroxcube potcores and square cores Permanent magnet materials
Microchokes

Part 5 Memory Products, Magnetic Heads, Quartz Crystals, June 1970
Microwave Devices, Variable Transformers,
Electro-mechanical Components

Ferrite memory cores Quartz crystal units, crystal filters
Matrix planes, matrix stacks Isolators, circulators

Complete memories Variable mains transformers
Magnetic heads Electro-mechanical components
June 1970
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LIST OF SYMBOLS

Ignition voltage (breakdown voltage) Vign
Extinguishing voltage Vext
Maintaining voltage Vi
Regulation voltage Ve
Jump voltage Vj
Noise voltage Vi
Average cathode current I
Cathode starting current Iko
Incremental resistance o
Tube impedance Zy
Bulb or envelope temperature thulb
Temperature coefficient of maintaining voltage 3 e
Atpulb
Ambient temperature tomh
Shunt capacitance Cp
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GENERAL OPERATIONAL RECOMMENDATIONS
VOLTAGE STABILIZING AND VOLTAGE
REFERENCE TUBES

1. GENERAL

1.1 A voltage stabilizing tube is a glow discharge tube designed to have a main-
taining voltage which is substantially constant over the current operating
range.

1.2 A voltage reference tube is a glow discharge tube designed to have a con-
stant maintaining voltage with time at fixed values of current and tempera-
ture.

1.3 The limiting values of voltage stabilizing and voltage reference tubes are
given in the absolute maximum rating system.

1.4 Dimensions are given in mm.
2. OPERATING CHARACTERISTICS
.1 Ignition

(V]

The ignition voltage is the voltage at which breakdown occurs. (See
Breakdown)

Normally a tube will ignite at a voltage somewhat lower than the fig-
ure quoted, but the latter should always be the minimum available to
ensure ignition of all tubes.

2.1.2 Breakdown

Breakdown is a runaway increase in electrode (cathode) current following
the moment of highest voltage between the electrodes considered.

At some types the breakdown may occur at a lower voltage than the
published maintaining voltage.
See also "Cathode current".

2.1.3 Ignition delay (breakdown delay)

The ignition delay is the time interval between the application of a di-
rect voltage to the anode-cathode gap and the establishment of a self sus-
taining discharge in that gap.

The ignition delay of certain types is affected by ambient light. In
darkness the delay is maximum.

February 1968 ] | 1



2.2 Maintaining voltage (Symbol V)

The maintaining voltage is the anode voltage with the tube conducting within
the current range stated.

It is measured at the conditions stated in the data and will vary with
current, temperature and time. In the presence of noise, the average
is taken.

2.3 Regulation voltage (Symbol Vy)

The regulation voltage is the difference between the maximum and the mi-
nimum maintaining voltages within a specified cathode current range.

temperature specified.
2.4 Stability (Symbol AV )

The change in maintaining voltage during life is a measure of the stability

3
i This is normally measured over the full current range of the tube at the
i
‘ of the tube.

|

}

Changes due to variations in tube current and temperature are excluded.
AV )
Atbulb

The temperature coefficient of maintaining voltage is the quotient of the
change of maintaining voltage by the change of bulb temperature.

2.5 Temperature coefficient of maintaining voltage (Symbol

The value quoted is normally an average value which applies over the
temperature range stated.

2.6 Extinguishing voltage (Symbol Vext)

The extinguishing voltage is the anode voltage at which thedischarge ceases
when the supply voltage is decreasing.

| 2.7 Noise voltage (Symbol Vy)

| This particular noise voltage is random in nature and similar to thermal
‘ noise. It is normally quoted as the r.m.s. voltage measured over a spec-
| ified frequency range.

An oscillation noise voltage is a voltage which is generated within the
tube and which has a major component at one frequency.

It ocecurs in certain tube types, and then only over a restricted cur-
rent range.

2 February 1968




2.7.3 Vibration noise voltage

The vibration noise voltage is the noise output voltage resulting from
sinusoidal vibration of the tube.

Where this information is given it is for guidance only, and it is not
recommended that the tube be operated under these conditions for
long periods.

2.7.4 Microphonic noise voltage

The microphonic noise voltage is the noise output voltage caused by me-
chanical excitation due to a single blow.

2.8 Voltage jump (Symbol Vj)

A voltage jump is an abrupt change or discontinuity in maintaining voltage
that may occur during operation and is not due to the "incremental resist-

ance .

2.9 Cathode current (Symbol Ik)

2.9.1 Minimum cathode current

The minimum cathode current is the current below which operation will
result in deterioration of the performance of the tube.

2.9.2 Maximum cathode current

The maximum cathode current is that instantaneous value which should
not be exceeded during normal operation of the tube.

When a tube is switched on, this value may be exceeded. (See starting
current.)

2.9.3 Preferred current

The preferred current is that current at which maximum stability may be

expected.
2.9.4 Starting current (Symbol Igo)

The starting current is the current immediately after ignition.
The maximum permissible value and duration are given in the data.

2.10 Incremental resistance (Symbol rj)

The incremental resistance is the slope of the Vm/Ik characteristic.
This is measured at a specified current and temperature and voltage jumps
are ignored.

2.11 Tube impedance (Symbol zg)

The tube impedance of the anode-cathode gap for the a.c. component of
the cathode current.

This is measured at a specified d.c. cathode current, on which a sinus-
oidal current of specified amplitude and frequency is superimposed.

il
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2,12 Bulb temperature (Symbol ty,1p)

The bulb temperature shall be taken as the temperature of the hottest part
of the tube envelope, whether due to internal or external causes. In the
interest of stability, the bulb temperature should be kept as close to room
temperature as possible.

Shunt capacitor (Symbol Cp)

In order to avoid relaxation oscillations and to reduce transient current at
starting the value of the capacitor should be made as small as possible
and should not exceed the specified value.

3. MOUNTING

3.1

3.2

3.3

3.4

3.4.

Mounting position

If no restrictions are made on the individual published data sheet, the tube
may be mounted in any position.

Tube pins and sockets

Many small glass-base tubes employ semi-rigid pins. It is necessary to
ensure that these pins are straight before insertion into the socket.

It is recommended both in wired and in printed circuits that sockets with
floating contacts be used. After the socket has been wired or soldered in,
the socket contacts should be in the correct position to receive a tube.

Pins markedi.c.

When a pin is marked i.c., no connection should be made to the corres-
ponding socket tag.

Flexible leads

Tubes having flexible leads do not normally employ plug-in sockets and it
is usually necessary to secure them in position solely by means of the bulb.
Any such support should not cause undue stress to be placed on the flexible
leads themselves.

Attention should also be given to the effect this mounting may have upon the
bulb temperature. Subminiature and smaller types can generally be mounted
with the leads only.

1 Soldering

Where tubes are designed for soldering into the circuit, care must be
taken to avoid bending the leads sharply closer than 2 mm to the base.
Precautions should be taken during soldering to ensure that the glass
temperature at the seal will not rise excessively. One simple method is
to clamp a thermal shunt to the wire between the glass and the point being
soldered. In any case the wire should not be soldered closer than 5 mm
from the seals or as specified in the published data.

February 1968




4. OPERATIONAL NOTES

4.1 Basic circuit

To ensure reliable operation under all operating conditions the following
conditions should be observed: (See fig.1).

1. The current Iy should not drop below the published permissible limit
Ik min.

2. The published Ix max. should not be exceeded (except at switching on).
3. Ignition must be ensured under the most unfavourable conditions.

In general Iy may be expressed as:

Vb -V
Ik"‘Tm‘IL

Under the most unfavourable conditions, condition 1 is satisfied if:

Vpmin - Vpj max. 1

. Igmin + Iy max. ~ 1+ p/100

The max. current Iy max. is most likely to be exceeded at the highest value
of Vp (= Vpmax.), a tube with the lowest maintaining voltage Vi min. and
when the load current has the lowest value I min.

< Vpmax. - Vy min. 1

Ry Iy max. + I min. ~ 1 - p/100

To ensure ignition:

Rl

Vb - Ry +RL

> Vjgnmax.

or under the most unfavourable operating conditions

Vpmin. 1

Ry = BL, (Vignmax. =1 14 p/100

In these formulae the signification of the symbols is the following:

(L

Vp min. Minimum applied supply voltage ‘

Vpmax. Maximum applied supply voltage

Vi min. Minimum published maintaining voltage

Vo max. Maximum published maintaining voltage

Ix min. Minimum published cathode current

Iy max. Maximum published cathode current

Iy, min. Minimum load current

I, max. Maximum load current

P Tolerance of resistor Ry (% in absolute value)

Vign max. Maximum ignition voltage
:
!

February 1968 5 “
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4.2 Series operation

4.3

Series operation of tubes is permitted.
If different types of tubes are connected in series care must be taken to en-
sure that the current falls within the permitted limits of all tubes.

The minimum supply voltage Vp necessary for ignition of all tubes in the
series chain is Vign max. + (n-1) Vi max., provided that a resistor R is
connected across one or more of the tubes (See fig.2). These resistors
should have a value of the order of 100 k2 to 1 MS2.

Parallel operation

It is not advisable to connect stabilizers in parallel because of the difficulty
of ensuring equal current distribution.

6 February 1968



RATING SYSTEM

( in accordance with 1.E.C. publication 134 )

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating and environmental
conditions applicable to any electronic device of a specified type as defined by
its published data, which should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking no responsibility for equipment variations, en-
vironmental variations, and the effects of changes in operating conditions due to
variations in the characteristics of the device under consideration and of all
other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life,
no absolute-maximum value for the intended service is exceeded with any device
under the worst probable operating conditions with respect to supply voltage
variation, equipment component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and variations in charac-
teristics of the device under consideration and of all other electronic devices
in the equipment.

March 1967 1






OA2

VOLTAGE STABILIZING TUBE

=
150 volts gas-filled voltage stabilizing tube with a current range of 5 to 30 mA. =
QUICK REFERENCE DATA
Regulation voltage (Ix = 5 to 30 mA) Ve = 2 ¥V
Incremental resistance (Ix = 20 mA) Ty “=- 807
CHARACTERISTICS AND RANGE VALUES at tamb = 25 °C. l)
Limits applicable to all tubes (initial values)
Ignition voltage Vign = max. 180 V
Maintaining voltage at Ix = 17.5 mA Vm = 144 to 160 V
Regulation voltage at I = 5 to 30 mA Vr = max. 6 V
LIMITING VALUES (Absolute maximum rating system)
= min. 5 mA
Cathode current Ik ¥ A 30
Starting current Ikp = max. 75 mA 2)
Negative peak anode voltage —Vap = max. 125. AV
= min =55::9@
Ambient t t t
ient temperature amb . .. 490 oC
CIRCUIT DESIGN VALUES
Minimum voltage necessary for ignition Va = min. 185 V 3)
Shunt capacitor Cp = max. 0.1 wF
1y Thermal equilibrium is reached within 3 minutes of igniting the tube.
2y To be restricted for long life to approximately 10 s. Normal operation should
be continued for at least 20 m after passing this current.
3) This value holds good over life.
March 1969 “ || 1 >



OA2

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

max 60.3
max 66.7

-

7203216
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OA2WA

VOLTAGE STABILIZING TUBE

150 volts gas-filled voltage stabilizing tube with a current range of 5 to 30 mA.

The OA2WA is shock and vibration resistant.

QUICK REFERENCE DATA

et i "

11111}

Regulation voltage (Ik = 5 to 30 mA) Vi = Prhay

Incremental resistance (I = 20 mA) Tg.- = 80,9
CHARACTERISTICS AND RANGE VALUES at tymp = 25 °C 1)
Limits applicable to all tubes (initial values)
Ignition voltage Vign = max. 165 V
Maintaining voltage at Iy = 5 to 30 mA Vm = 144to153 V
Regulation voltage at Iy = 5 to 30 mA Vr = max. 5 ¥V
Typical limits (initial values)
Incremental resistance at Ix = 20 mA Iy = max. 200 @
Jump voltage at Iy = 5 to 30 mA Vj = max. 600 mV
Vibration noise voltage

Ik =20 mA, Ry =10kR2, g =2.5, £ =25 Hz Vn = max. 100°“mV
Leakage current

V=50V, Ry = 3k Iisol = max. 5 WA
Life performance
For_continuous operation at I = 20 mA and at room temperature.
Typical maximum variation in maintaining

voltage 0 to 1 hour AVin.,, 5 S aK e 2
l) Thermal equilibrium is reached within 3 minutes of igniting the tube.
March 1969 H ” -



OA2WA

Life performance (continued)

Maintaining voltage at Ix = 5 to 30 mA
0 to 500 hours Vm = 142to 155 V
0 to 1000 hours Vm = 140to 158 V
Typical maximum variation in maintaining

voltage at Iy = 20 mA
0 to 500 hours AV, = max. 6 Vi

0 to 1000 hours AVy, = max. 8.V

Typical maximum regulation voltage
0 to 500 hours Vr = max. 6 V
0 to 1000 hours Vy = max. 8 V

SHOCK AND VIBRATION RESISTANCE

These conditions are used solely to assess the mechanical quality of the tube.
The tube should not be continuously operated under these conditions.

Shock resistance: 900 g

Forces as applied by the NRL impact machine for electronic devices caused by
5 blows of the hammer lifted over an angle of 60 © in each of 4 different posi-
tions of the tube.

Vibration resistance: 2.5 g peak

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of 3
directions of the tube.

LIMITING VALUES (Absolute max. rating system)

= min. 5 mA
Cathode current Ix s e, S0
Starting current Ikp = max. 75 mA l)
Negative peak anode voltage 'Vap = max. 125 V
; L t = min., -55 ©C
Temperature during operation t;‘l?lt = max. 150, 90
Altitude h = max. 36 km

l) To be restricted for long life to approximately 10 s. Normal operation should
be continued for at least 20 min. after passing this current.

2 | | March 1969




OA2WA

CIRCUIT DESIGN VALUES

Minimum voltage necessary for ignition

Shunt capacitor

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

k 7203218

l) This value holds good over life.

7203216

min. 165 V1)
max. 0.1~ uk

March 1969






0oB2

VOLTAGE STABILIZING TUBE

108 volts gas-filled voltage stabilizing tube with a current range of 5 to 30 mA.

QUICK REFERENCE DATA

Regulation voltage (Ix = 5 to 30 mA) Ve = 2 N
80 &

I

Incremental resistance (Ix = 20 mA) Ta

CHARACTERISTICS AND RANGE VALUES at tymp = 25 °C. 1)

Limits applicable to all tubes (initial values)

Ignition voltage Vign = max. 127 V
Maintaining voltage at Ix = 17.5 mA Vm = 106 to 111 V
Regulation voltage at Ix = 5 to 30 mA Vr = max. 3.5 V

Life performance
Typical maximum variation in maintaining voltage.
For continuous operation at Ix = 17.5 mA

0 to 500 hours AVpy = max. 4V

LIMITING VALUES (Absolute maximum rating system)

Cathode current Ik N IIE:; 33 rr::i
Starting current Ikp = max. 75 mA 2)
Negative peak anode voltage ‘Vap = max. 75 N

= min ~55"-0¢

Ambient temperature tamb ; B 490 OC

l) Thermal equilibrium is reached within 3 minutes of igniting the tube.

2) To be restricted for long life to approximately 30 s once or twice in each
8 hours use.

B SR V¢

[l

i
—
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oB2

CIRCUIT DESIGN VALUES
Minimum voltage necessary for ignition

Shunt capacitor

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

ie:

k 7203215

3) This value holds good ovér life.

Va = min. 133 V3
Cp = max. 0.1 uF

T 720326
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OB2WA

VOLTAGE STABILIZING TUBE

108 volts gas-filled voltage stabilizing tube with a current range of 5to 30 mA.
The OB2WA is shock and vibration resistant.

QUICK REFERENCE DATA

Regulation voltage (Ik = 5 to 30 mA) Vg = 25N

Incremental resistance (Ix = 20 mA) Tg . "= 80,52

CHARACTERISTICS AND RANGE VALUES at typ = 25 °C 1)

Limits applicable to all tubes (initial values)

Ignition voltage Vign = max. 130 V
Maintaining voltage at Iy = 5 to 30 mA Vi =1 106't0/1 1L W
Regulation voltage at I = 5 to 30 mA Vi 2 max, 25 NV

Typical limits ( initial values)
Incremental resistance at Iy = 20 mA Ty = max. 120 @
Jump voltage at Iy =5 to 30 mA VJ- = max. 100 mV
Vibration noise voltage

Iy =20 mA, Ry =10k2, g = 2.5, f = 25Hz Vn = max. 100 mV
Leakage current

V=50V, R, =3kQ Ligol = max.” D.HA

Life performance

Typical maximum variation in maintaining
voltage 0 to 1 hour AV = max. 2°5°V

1) Thermal equilibrium is reached within 3 minutes of igniting the tube.

March 1969 1
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Life performance (continued)

Maintaining voltage at Ix = 5 to 30 mA
0 to 500 hours Vm = 103to 113 V
0 to 1000 hours Vm = 103to 116 V

Typical maximum variation in maintaining
voltage at Ix = 20 mA

0 to 500 hours AV = max. 4 Vv

0 to 1000 hours AV =  max. 5 V¥V
Typical maximum regulation voltage

0 to 500 hours Vyr = max. 3N

0 to 1000 hours A% £ I max, 4 Vv

SHOCK AND VIBRATION RESISTANCE

These conditions are used solely to assess the mechanical quality of the tube.
The tube should not be continuously operated under these conditions.

Shock resistance: 900 g

Forces as applied by the NRL impact machine for electronic devices caused by
5 blows of the hammer lifted over sn angle of 60 © in each of 4 different posi-
tions of the tube.

Vibration resistance: 2.5 g peak

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of 3
directions of the tube.

LIMITING VALUES (Absolute max. rating system)

= min. 5 mA
Cathode current Ix = max. 30 mA
Starting current Ikp = max. 75 mAl)
Negative peak anode voltage —Vap = max. 75 V

taymb = min. =55 9C

Temperature during operation thup = max. 150 oc

1) To be restricted for long life to approximately 10 s. Normal operation should

be continued for at least 20 min. after passing this current.

2 March 1969



OB2WA

CIRCUIT DESIGN VALUES

Minimum voltage necessary for ignition Va

min. 130 v 1
Shunt capacitor C

p = max. 0.1 wF

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

max79

max 60.3
max 66.7

i.c.

k 7203215

ELL
i

1y This value holds good over life.
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ZZ1000

VOLTAGE REFERENCE TUBE

81 volts gas-filled voltage reference tube. The ZZ 1000 is
resistant.

shock and vibration

QUICK REFERENCE DATA
Preferred cathode current Ik = 3.2 mA
Maintaining voltage Vm = 8Y 4V
Incremental resistance Tha = 20040
Temperature coefficient of maintaining voltage AVm  _ ~1.2  mVIeE
averaged over the range +20 to +125°C  Atpyp
averaged over the range -55 to +20 °C gﬂ = -3.2 mv/°C
tbulb
CHARACTERISTICS AND RANGE VALUES at tyh = 20 to 30 °C. l)
Limits applicable to all tubes (initial values)
Ignition voltage Vign = max. 115 V
Maintaining voltage at Iy = 3.2 mA Vm = 80.1t082.5 V 3)
Incremental resistance Iy = max. 400 €
Typical limits (initial values)
Jump voltage at Iy = 2.0 to 4.0 mA Vj = max. 100 mV ?
Ignition delay in darkness at Vp = 115V = max. S5 ms
Tube impedance at I = 2.7 to 3.7 mA
sinusoidal variation with 50 Hz Zgy = max. 400 @

l) Thermal equilibrium is reached within 2 minutes of igniting the tube.
2) Toavoid jump voltages over life, current variations around the preferred cur-

rent should be limited to 0.3 mA.

3) The maintaining voltage after each ignition may differ from the forgoing one
but remains within the limits stated. To minimize this effect the tube should
be shunted by a series circuit comprising a resistor and a capacitor (approx.

1 kK and 330 nF).
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ZZ1000

CHARACTERISTICS AND RANGE VALUES (continued)
Typical limits (initial values) (continued)
Noise voltages

oscillation + random at Ik = 2 to 4 mA
frequency band 10 Hz to 10 kHz Vnp = max. 1 mV

vibration at Ix = 3.2 mA, g =2.5gp
f = 10 to 50 Hz , frequency band

1 to 100 Hz Vn = max. 100 mV
Temperature coefficient of maintaining
voltage at Ik = 3.2 mA AVp o
averaged over the range +20 to +125 ©C Atbulb e ol
averaged over the range -55 to 420 °C SVin. max. -4 mv/°C
Atpulp
Life performance
Typical maximum variation in maintaining voltage
For continuous operation at preferred current
Bulb temperature thinih = 45 9@
0 to 100 hours AVp = 0.3 V
0 to 2000 hours AVy = 0.7 V
For storage and stand by
Bulb temperature thulp = 25 °p
0 to 2000 hours AVm = 0.3V

SHOCK AND VIBRATION RESISTANCE

These conditions are used solely to assess the mechanical quality of the tube.
The tube should not be continuously operated under these conditions.

Shock resistance: 500 g

Forces as applied by the NRL impact machine for electronic devices caused by
5 blows of the hammer lifted over an angle of 30° in each of 4 different posi-
tions of the tube.

Vibration resistance: 2.5 g peak

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of
3 directions of the tube.
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ZZ1000

LIMITING VALUES (Absolute maximum rating system)

Cathode current Ix R
= min
Starting current, T,y = 20 s Ikp = max.
Negative peak anode voltage ‘Vap = max.
Bulb temperature
during operation t g
ki da bulb = max.
. S Tinin.
during storage and stand-by thulb - S
CIRCUIT DESIGN VALUES
Minimum voltage to ensure ignition Va = min
Shunt capacitor Cp = max.
DIMENSIONS AND CONNECTIONS
Glass dot indicates 6
anode lead k
2—*‘_—'_ | |max65s
minl§ max30
2—::@ 2
048 o157
MOUNTING

57—-61¢

N
o o

20
100

=55
+125

=55
+100

120
30

mA 1
mA

mA

nF

The tubemay be soldered directly into the circuit but heat conductedto the glass

to metal seal should be kept to a minimum by the use of a thermal shunt.

The tube may be dip-soldered at a solder temperature of max. 240 °C for a
maximum of 10 seconds up to a point 5 mm from the seal.

Care should be taken not to bend the leads nearer than 1.5 mm to the seal.

1)For use as stabilizer tube Iy v

= 8 mA

At cathode currents between 2 and 8 mA jump voltages of 0.5V may occur.

2)Ma)(. 1.5 mm not tinned.

1
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75C1

VOLTAGE STABILIZING TUBE

78 volts gas-filled voltage stabilizing tube with a current range of 2 to 60 mA.

QUICK REFERENCE DATA
Regulation voltage (I = 2 to 60 mA) Vi = 5. W
Incremental resistance T, = 180 @
Temperature coefficient of maintaining volt—
age averaged over the range 25 to 90 %
Ix = 30 mA 2—:’IL = -8.3 mv/°C
bulb
Ix = 10 mA 2_E’m_ = -1.8 mv/°C
bulb
CHARACTERISTICS AND RANGE VALUES at tamp = 25 °C 1)
Limits applicable to all tubes (initial values)
Ignition voltage Vign max. 115 V
Maintaining voltage at I} = 30 mA Vin, =75 to 8L 2V
Regulation voltage at Iy = 2 to 60 mA Ve = THax: 8 N 2)
Typical limits (initial values)
; Incremental resistance at Ik = 10 mA to 60 mA Ta = max. 200 @
Jump voltage at I} = 2 to 20 mA Vj = max. 100 mV
& at I = 20 to 60 mA Vj = max. 15 mV
Cathode current above which the incremental
resistance is positive L = max. 7 mA

l) Thermal equilibrium is reached within 3 minutes of igniting the tube.
2y Following a sudden change in the tube current the regulation voltage may be
up to 2.5 V greater than that given until tube thermal equilibrium is re-

established.

1
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75C1

CHARACTERISTICS ANDRANGE VALUES (continued)

Life performance

Typical maximum regulation voltage and range of variation in maintaining volt-
age.

0 to 1000 hours AV = max. =-0.2to+0.9 %
0 to 10000 hours AV = max. =-0.2to+l.0 %
0 to 30000 hours AV = max. -0.2to+l.2 %
Regulation voltage after 30 000 hours Vi = max. 6.5 V
For _continuous operation at Ik = 60 mA and thylh = 90 °C
0 to 1000 hours AV = max. -0.7to+l.2 %
0 to 10000 hours AV = max. =-0.7to+l.4 %
0 to 30000 hours AV = max. -0.7t0o+2.0 %
Regulation voltage after 30000 hours V. = max. 6.5 V
LIMITING VALUES (Absolute max. rating system)
Cathode current Ix 2 $:; 6(2) $:
Starting current Ikp = max, 100 mA 1)
Negative peak anode voltage —Vap = max., 50 V
Bulb temperature
during operation tbulb . — 59 gc 2
= max. +140 °C 4)
during storage thulb i i -53 20
= max. +70 ©C

1y To be restricted for long life to approximately 30 s once or twice in each 8
hours use.

2) Temperature rise of bulb above ambient approx. 40 °C at Iy = 30 mA and ap-
prox. 70 9C at Ix = 60 mA.
The tube will operate satisfactorily at bulb temperature up to 140 °C pro-
vided the tube is not used at either extreme of the current range.
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CIRCUIT DESIGN VALUES

Minimum voltage necessary for ignition

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

i.c.

i.c. 7203221

1y This value holds good over life.

Va =

7203223

min. 115 V 1)

I
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83A1

VOLTAGE REFERENCE TUBE

83 volts gas-filled voltage reference tube.

QUICK REFERENCE DATA
Preferred cathode current Ix = 4.5 mA
Maintaining voltage Vm = 83.7 ¥V
Incremental resistance Ty = 250 @
Temperature coefficient of maintaining AVm = -2.5 mV/oC
voltage averaged over the range 25 to 120 °C Athulb

CHARACTERISTICS AND RANGE VALUES at tamp = 20 to 30 °C 1)
Limits applicable to all tubes (initial values)

Ignition voltage Vign = max. 120 V
Maintaining voltage at Ix = 4.5 mA Vm = 83.0to84.5 V
Incremental resistance Ia = max. 350 @

Typical limits (initial values)

Jump voltage at Ix = 3.5 to 6.0 mA Vj = max. 1 mV
Ignition delay in darkness at Vi, = 130 V max. 5. 8
Temperature coefficient of maintaining
voltage
o AVm _
averaged over the range 25 to 120 °C —~——— = max. -4 mV/oC
Athulb

See also sheet A

1) Thermal equilibrium is reached within 1 minute of igniting the tube.

—
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CHARACTERISTICS AND RANGE VALUES (continued)

Life performance

Typical maximum variation in maintaining voltage

Bulb temperature
0 to 300 hours

300 to 2500 hours
300 to 10000 hours

Bulb temperature
0 to 500 hours
0 to 3000 hours

AV,
AV
AV,

AV,
AV

25 100
+0.4 +0.4
+0.25 +0.25
+0.4 +0.4
25
negligible
negligible

LIMITING VALUES (Absolute max. rating system)

Cathode current

Starting current, Tpax, =30 s 2)
Negative peak anode voltage

Bulb temperature

during operation

during storage and stand-by

Ix

-V
ap
thulb

thulb

150: °C

+2.4 %
-2.5to+4.7 %

100 1) oC
2 %

7 %
max. 6.0 mA
min. 3.5 mA
max. 10 mA
max.- 90,..V
min. -55 °C

max. 150 oC 3)
min. -55 '°C
max. 100 ©C

l) Subsequent operation of the tube for approximately 50 hours at Ix = 4.5 mA at
not more than 100 °C will restore the maintaining voltage to within 0.2 V of

its original value.

2) To be restricted for long life to approximately 30 s once or twice in each 8

hours use.

3) Temperature rise above ambient approx. 20 °C at Ix #14z5 mA.
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CIRCUIT DESIGN VALUES
Minimum voltage to ensure ignition 1y Va

Shunt capacitor (6

DIMENSIONS AND CONNECTIONS
Base: 7 pin miniature

max 19

max476
max 54

ic

ic. 203230 7202881

l) This value holds good over life, in light and darkness.

n

mity.; 130 %
max. 0.1 uF

HHH
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85A2

VOLTAGE REFERENCE TUBE

85 volts gas-filled voltage reference tube.

QUICK REFERENCE DATA
Preferred cathode current Ix = 5.5 mA
Maintaining voltage Vm = 8 V
Incremental resistance Ty = 300 @
Temperature coefficient of maintaining volt- AV =227 0
age averaged over the range -55 to +90 °C Atyb Bl i

CHARACTERISTICS AND RANGE VALUES at t, 1, = 20 to 30 oc. 1y

Limits applicable to all tubes (initial values)

Ignition voltage Vi gn =
Maintaining voltage at Iy = 5.5 mA Vm =
Incremental resistance Ta =

Typical limits (initial values)

Jump voltage at Iy = 4 to 10 mA Vj =

Temperature coefficient of maintaining volt- AV
age averaged over the range —55 to +90 °C Atpuip

max. 115 V
83to 87 V
max. 450 $2

max. 50 mV

max. -4 mV/°C

1) Thermal equilibrium is reached within 3 minutes of igniting the tube.

I
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CHARACTERISTICS AND RANGE VALUES (continued)
Life performance

Typical maximum variation in maintaining voltage

Bulb temperature = 35 °C
0 to 300 hours AVp = 0.3 %
300 to 1000 hours AVy = 0.2 %
Each period of 1000 hours after 1300 hours AV = 0.1 %

Bulb temperature 25 9¢
0 to 5000 hours AV. = 0.1 %

LIMITING VALUES (Absolute max. rating system)

Cathode current Ix =" A 10 1
= min 1 mA

Starting current, T, ., = 30s Ly Ikp = max. 40 mA

Negative peak anode current ‘Vap = ek 75NV

Bulb temperature

= min. =55 ©C

during operation tbulb - ax. 490 °C 2
= i - (0]
during storage and stand-by thulb I;:; _33 og

CIRCUIT DESIGN VALUES
Minimum voltage to ensure ignition 3) Va = min. 120 V

Shunt capacitor Cp = max. 0.1 uF

1y To be restricted for long life to approx. 30 s once or twice in each 8 hours
use.

2) Temperature rise of bulb above ambient approx. 15 9G at Ix=5.5mA
3) This value holds good over life.
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o~
DIMENSIONS AND CONNECTIONS
9 Base: 7 pin miniature
K a max 19
© —
i.c.(6) k N« —
x| —
9 )é ——
. St
ic.
k 7203218
7202861
March 1969
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90C1

> VOLTAGE STABILIZING TUBE

‘»\

90 volts gas-filled voltage stabilizing tube with a current range of 1 to 40 mA. e
il
o
QUICK REFERENCE DATA
Regulation voltage (Ix = 1 to 40 mA) Vr 12V
Incremental resistance (Ik = 20 mA) Ta 300 €2
Temperature coefficient of maintaining volt-
age averaged over the range -55 to +110 °C AVm s o
Be=20mh  Blags 2.7 mv/°C
CHARACTERISTICS AND RANGE VALUES at tymp = 25 °C 1)
Limits applicable to all tubes (initial values)
Ignition voltage Vign max. 115 V
Maintaining voltage at Iy = 20 mA Vm 86 to 94 V
Regulation voltage at Ik = 1 to 40 mA Vr max. 14 V?2)
Typical limits (initial values)
Incremental resistance at I = 20 mA Ty max. 350 @
Jump voltage at Ix = 1 to 40 mA Vj max. 100 mV

l) Thermal equilibrium is reached within 3 minutes of igniting the tube.

2) Following a sudden large change in tube current, the regulation voltage may
be slightly greater than that given until thermal equilibrium is re-established.
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CHARACTERISTICS AND RANGE VALUES (continued)
Life performance

Typical maximum regulation voltage and range of variationin maintaining voltage

0 to 1000 hours AV = max. 1 %
0 to 10000 hours AV, = max. 3.5 %
Regulation voltage after 1000 hours Vr = max. 14 V
Regulation voltage after 10000 hours Vy = max. 15 V

For continuous operation at Iy = 40 mA and thylp = 70 °C

0 to 1000 hours AVp = max. 4 9
0 to 10000 hours AVy, = max. 5 %
Regulation voltage after 1000 hours Ve = max. 14 V
Regulation voltage after 10000 hours Vy = max. 15 V

0 to 5000 hours AV = max. 0.1 %

LIMITING VALUES (Absolute maximum rating system)

Cathode current Ix : 2:; 4(1) rmni
Starting current Ikp = max. 100 mA 3)
Negative peak anode voltage —Vap = max. 75V
; . = min. =55 °C
Bulb temperature during operation Wulh = g 4110 °C 4)
= i = o
Bulb temperature during storage thulb o e

= max. +70 °C

3) To be restricted for long life to approximately 30s once or twice in each 8
hours use.

4) Temperature rise of bulb above ambient approx. 50 ©C at Ix = 40 mA.
The tube will operate satisfactorily at bulb temperatures up to 110 °C pro-
vided the tube is not used at either extreme of the current range.
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CIRCUIT DESIGN VALUES

March 1969

Minimum voltage necessary for ignition Va min. 120 V1)
Shunt capacitor Cp = max. 0.1 uF
DIMENSIONS AND CONNECTIONS E
Base 7 pin miniature —
max19
/\ F ¥
©
N
i.c.(6) bl %
g &
ik o)
7203222
1) This value holds good over life
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150B2

VOLTAGE STABILIZING TUBE

A

150 volts gas-filled voltage stabilizing tube with a current range of 5 to 15 mA.

QUICK REFERENCE DATA

Regulation voltage (Ix = 5 to 15 mA) Vr: 5488 N
Incremental resistance (Ix = 10 mA) g, = 330 .
Temperature coefficient of maintaining volt-
age averaged over the range -55 to +110 °C AVm _ 3
Ix = 10 mA Atbulb 0 - myd
CHARACTERISTICS AND RANGE VALUES at tagmp = 25 °C. by
Limits applicable to all tubes (initial values)
Ignition voltage Vign = max. 180 V
Maintaining voltage at Iy = 10 mA Vm = 146 to 154 V
Regulation voltage at Ix = 5 to 15 mA Vy = max. SV
Typical limits (initial values)
Incremental resistance at I = 10 mA rag = max. 400 @
Jump voltage at Ij = 5 to 15 mA Vj = max. 200 mV
Life performance
Typical maximum regulation voltage and range of variation in maintaining
voltage.
7o USHIODE opSTINER a1, T M U R0 Gl = 907G
0 to 1000 hours AV = max. 1.5 %
0 to 10000 hours AVy, = max. 25
Regulation voltage after 1000 hours Vr = max. 5 V
Regulation voltage after 10000 hours Vy = max. 6"V

l) Thermal equilibrium is reached within 3 minutes of igniting the tube.

LTI
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150B2

CHARACTERISTICS AND RANGE VALUES (continued)

0 to 1000 hours AV

Regulation voltage after 1000 hours Vr

0 to 5000 hours AVm

LIMITING VALUES (Absolute maximum rating system)

Cathode current Ix
Starting current Ikp
Negative peak anode voltage -Vap

Bulb temperature

during operation thulb

during storage thulb

CIRCUIT DESIGN VALUES
Minimum voltage necessary for ignition Va

Shunt capacitor Cp

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

T

= max.

= max.

= min.

max476
max 54

7202061

= max.

= max.

= max.

min.
= max.

= min.
= max.
= min.
= max.

0.3

15
40
130

=55
+110

=55
+70

180
0.1

%

%

mA 1)

o6
oC 2)

2€

)
uF

l) To be restricted for long life to approximately 30 s once or twice in each

8 hours use.

2) Temperature rise of bulb above ambient approx. 50 °C at Ix = 15 mA

3) This value holds good over life.
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Counter-, selector - and indicator tubes



ZM1000
ZM1000R
ZM1001
ZM1001R
ZM1005

ZM1005R
ZM1020
ZM1021
ZM1022
ZM1023

ZM1040
ZM1041
ZM1042
ZM1043
ZM1162

ZM1174
ZM1175
ZM1176
ZM1177
ZM1200

RECOMMENDED TYPES FOR NEW EQUIPMENT

Numerical indicator tubes




GENERAL OPERATIONAL RECOMMENDATIONS
COUNTER-AND SELECTOR TUBES

CONSTRUCTION

The counter and selector tubes consist of 30 identical rod-shaped cathodes ar-
ranged in a circle concentric with the common circular plate anode. The 30
cathodes are devided into three groups of ten and arranged so that every third
electrode going around the ring belongs to the same group. The three groups
are called main cathodes, guide A cathodes, and guide B cathodes. The order of
the electrodes proceeding in a clockwise direction around the tube as seen from
the dome is a main cathode, a guide A cathode, guide B cathode, next main cath-
ode etc.

In both the counter tube and the selector tube all the guide A electrodes are con-
nected internally and brought out to a single pin. The guide B electrodes are
similarly connected and brought out. In the counter tube the main cathodes 1 to
9 are connected together internally and connected to a single pin. The 0 or tenth
main cathode is brought out separately so that the tube can be set to zero and
also an electrical output obtained for driving a succeeding tube. In the selector
tube all the main cathodes are brought out individually so that an electrical out-
put pulse can be obtained at any point around the tube.

FUNCTION OF THE ELECTRODE GROUPS
Main cathodes

The glow normally rests on a main cathode thus providing indication, and elec-
trical output may also be obtained from this cathode. The position of the dis-
charge may be seen through the dome of the tube as an orange 'cathode glow' at
the tip of the cathode concerned. The position of the discharge can be related to
the number of input pulse by the use of an external numbered escutcheon aligned
so that the numbers coincide with the position of the main cathodes.

Guide cathodes (A and B)

The function of the guide cathodes is to transfer the discharge from one main
cathode to the next on the receipt of an input signal.

February 1968 !



BASIC CIRCUIT

The basic circuit is shown in Figure 1 on the individual data sheets and is es-
sentially the same for both counter and selector tubes. An h.t. voltage, nor-
mally 475 V, (which is greater than the anode-cathode ignition voltage)is applied
to the circuit and breakdown to one of the main cathodes will, therefore, occur.
Breakdown to more than one cathode cannot occur since conduction causes a volt-
age drop across the anode resistor and reduces the anode voltage across the tube
to the maintaining voltage.

THE TRANSFER MECHANISM

The method usually employed to move the discharge around the tube is to convert
the input signal into a pair of negative pulses. The first pulse is applied to all
guide A cathodes followed immediately by the second pulse applied to all guide B
cathodes.

Assume that the discharge is resting on the third main cathode k3: when the
pulse is applied to guides A the voltage between anode and guides A exceeds the
ignition voltage and breakdown can therefore occur. Because of the priming from
the discharge to the conducting main cathode k3, breakdown will always occur to
the adjacent guide A cathode GA4. Thedischarge to k3 will be extinguished since
the anode voltage falls by the magnitude of the applied negative pulse. Similarly
breakdown to GB4 will take place on the arrival of the second pulse and the po-
tential of guides A will return to the bias level. Finally at the end of the second
pulse the potential of guides B will also return to the bias level. The anode
voltage rises towards a potential equal to the guide bias plus the maintaining
voltage. However, when the anode to kg voltage exceeds the ignition value the
discharge will move to k4 and the transfer has then been completed. This se-
quence results in rotation in the clockwise direction. Counting in the anti-clock-
wise direction can be obtained by applying pulses to guides A and B in the re-
verse order.

2 February 1968




OUTPUT PULSE

A resistor is connected in series with kg (in Figure 1) so that an output pulse
can be obtained when the discharge rests on k,. This resistor must be chosen
so that when the glow rests on kg, the voltage on kg does not exceed the positive
guide bias. It is common practice to take the earthy end of the resistor back to
a negative bias supply to obtain a larger pulse. However, the magnitude of the
bias should not at any time be more negative than -20 volts.

In the selector tube an output can be obtained by inserting a resistor in series
with any of the main cathodes.
The maximum value of the main cathode resistor for either selector or counter
is given by
(Vg + Vg - 10) Ry
Rimax, =
(Vht = V) - Vg + 10)

and the output voltage for any value of Ry is

v =he = VM+ Vid R
out (Rk+ Ra)

where Vp; is the supply voltage
VM is the maintaining voltage
VG is the positive guide bias
Vi is bias to kg (numerical value only)
Ry is the cathode resistor
R, is the anode resistor

SET ZERO

The discharge can conveniently be returned to k, by momentarily disconnecting
all cathodes except k,. An alternative method is to pulse k, negatively to —120
volts. Care must be taken if this method is adopted that spurious pulses are not
fed down the chain of counter tubes at the termination of the pulse.

11

February 1968 3



St = e w e

A o gt

N

DT




COLD CATHODE INDICATOR TUBES

TERMS AND DEFINITIONS

1. Indicator tube.
An indicator tube is a glow discharge tube designed to give a visual indica-
tion of the presence of an electrical signal.

Anumerical indicator tubeis one in which theindication is given in the form
of numerals.

In a point indicator tube the indication is given by the position of the glow.

2. Ignition.

2.1 Ignition voltage (symbol Vign)
The ignition voltage is the lowest direct potential, which when applied to a

particular anode-cathode gap ‘in the presence of some primary ionisation,
will cause a self sustaining discharge to start in that anode-cathode gap.

2.2 Ignition delay.
The ignition delay is the time interval between the application of a direct

potential (equal to or exceeding the ignition voltage) to a particular anode-
cathode gap and the establishment of a self sustaining discharge in that gap.

The figure quoted applies to a tube which has been inoperative for a time
long in comparision with the deionisation time.

3. Maintaining voltage (symbol V)
The maintaining voltage is the voltage between an anode and that cathode
carrying the main discharge.

4. Extinguishing voltage (symbol Vext)
The extinguishing voltage is the voltage between anode and cathode below
which the glow discharge extinguishes and is equal to the lowest possible
value of the maintaining voltage.

5. "On" cathode.
The "on" cathode is the cathode (numeral) which is required to be displaid
and thus carries the main discharge.

6. "Off" cathode.
The "off" cathodes are the cathodes which are not required for display and
thus act as probes in the main discharge.

772 5232

LI
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13.

14.

Cathode selecting voltage (symbol Vi)
The cathode selecting voltage is the cathode voltage difference which is used
for discrimination between the "off" cathodes and the "on'" cathode.

Anode selecting voltage (symbol Vg4)
The anode selecting voltage is the anode voltage difference which is used to
select the "on" cathode out of a group of cathodes.

Anode to cathode bias voltage (bias voltage) (symbol Vhiag)

The anode to cathode bias voltageis the anode to cathode voltage before any
cathode has been ignited. This voltage serves to reduce the required select-
ing voltage.

Shield voltage (symbol V)

The shield voltage is the voltage difference between the shield electrode
and the "on" cathode and is usedto prevent the penetration of the discharge
from one compartment into another which is separated from the former by
said shield.

Cathode current (symbol Ig)
The cathode current is the current flowing to the "on" cathode.

Minimum cathode current for coverage (symbol Ik min.)
The minimum cathode current is the current necessary to ensure full cov-
erage of the "on" cathode by the glow.

Maximum cathode current (symbol Ikmax.)

The maximum cathode current is the current at which the glow is still re-
stricted to the "on" cathode.

If this currentis exceededthe glow may spread to connecting leads or other
elements.

Probe current (symbol Ikk)

A probe current is the current flowing to or from an electrode which does
not form part of the main discharge gap.

(The magnitude and direction of this current will be dependent on the posi-
tion of this electrode with respect to the main discharge and on the external
circuit conditions).

Anode current (symbol I,)
The anode current is the algebraic sum of cathode current and all probe
currents.

Life expectancy.
End of life is reached when the characteristics of any one numeral surpass
the stated limits. 7172 5233




RATING SYSTEM

( in accordance with 1LE.C. publication 134 )

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating and environmental
conditions applicable to any electronic device of a specified type as defined by
its published data, which should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking no responsibility for equipment variations, en-
vironmental variations, and the effects of changes in operating conditions due to
variations in the characteristics of the device under consideration and of all
other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life,
no absolute-maximum value for the intended service is exceeded with any device
under the worst probable operating conditions with respect to supply voltage
variation, equipment component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and variations in charac-
teristics of the device under consideration and of all other electronic devices
in the equipment.
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Z504S

COUNTER AND SELECTOR TUBE

Cold cathode gas-filled bi-directional 10 output selector tube.
The Z504S gives visual indication and operates at speeds up to 5 kHz.

QUICK REFERENCE DATA
Maximum counting speed S5 kHz
Supply voltage Vba 475 V
Output, current 340 uA
voltage 35 V
Indication position of glow; end viewing

DIMENSIONS AND CONNECTIONS
Base: B13B

Ko is aligned with pin 7 to within + 30

Mounting position: any

This tube has been designed to close tolerances so that no individual adjustment
is necessary to align the bulb with the escutcheon.

Accessories
Socket 2422 505 00001
Escutcheon type 56062

General note

All voltages are referred to the most positive supply potential to which any
main cathode (not guide cathode) is returned.

Mazxch 1969 ” 1
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
(initial and during life)

IGNITION REQUIREMENTS
Anode supply voltage Vba

Time constant rise of anode supply
voltage when switching on

375 to 1000 V

Vpa < 550 V 1.0 ms 1)
Vpa > 550V 6.0 ms?)
| DISCHARGE AT REST ON A MAIN CATHODE
‘ Maintaining voltage of anode to main cathode See also page 8
at I3 = 340 pA, ngB =25to S0V
maximum Vi max. 205 V
minimum Vi min. 185 V
Cathode current
maximum (except during reset) Ix max. 525 uA
minimum Ik min. 250 WA
recommended Ik 340 uA
Guide supply voltage
maximum Vh max. 60 V
gd
minimum ngd min. 25 V
Resistance between guides and
guide supply Rgd max. 220 kR
Cathode potential (except during reset)
| Non conducting cathode -V max. 14 V
Conducting cathode Vi max. ng min. 10 V 2)
-Vk max. 0 Vv
1
!
|
|
|
For notes see page 5
3 2 Maxrch 1969




Z2504S

STEPPING REQUIREMENTS
See also pages 6 and 7

Discharge dwell time
main cathode
guide A cathode
guide B cathode

Interval between trailing edge of
guide A pulse and leading edge
of guide B pulse (double rectangular pulse drive)

Negative guide voltage to step the
discharge from a main cathode to
an adjacent guide cathode

Voltage difference required to step the
discharge from a guide cathode to the
adjacent guide cathode

Positive supply voltage to step the
discharge from a guide cathode to the
adjacent main cathode

Main cathode potential

Non conducting cathodes =Vie
Conducting cathode Vi
_Vk

For notes see page 5

min. 75
min. 60
min. 60
max.. 3
max. 140
min. 45
max. 140
min. 45
max. 50
min. 25
max. 14

ng minus 10

max. 0

MS

us

us

meung d
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LI

RESETTING REQUIREMENTS

Main cathode voltage
pulse duration > 1 ms
pulse duration > 200 us

Pulse duration

Reset cathode current

LIFE AND RELIABILITY

Reset to cathodes

8 9 0, 1; 2, 3

max.
min.
min.
min.

max.

4, 5,6
240 : 140V
120 | 1204) v
130 } — Y
200 | - us
800 : 650  uA )

With this tube an average failure rate of less than 0.5%/1000 h has been ob-
tained. When operated continuously this failure rate applies for a period in ex-
cess 0f 25000 h, but the visual read-out may be impairedafter the first 15000 h.

These figures have been obtained under the following typical conditions:

Anode current
Positive guide supply voltage
Negative guide voltage for transfer
Output cathode (ky) voltage
non conducting
conducting
Guide A dwell time
Guide B dwell time
Counting speed

Ambient temperature

340
40
80

=12

0

110

250 to 650

0.2 p.p.h.to 500

20£5

MA
A\

MS
MuS
P.p.S.
oG

A typical tube can be expected to count correctly with the above conditions after
standing on one main cathode for a period up to 4500 h.

For notes see page 5
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Z2504S

LIMITING VALUES (Absolute maximum rating system)

Continuous main cathode current

(except during reset) I max. 525 uA
Reset cathode current

Cathodes 7, 8, 9, 0, 1, 2, 3 Iy max. 800 uA d)

Cathode 4, 5, 6 Ix max. 650 uA )
Voltage between any two main

or guide cathodes (except during reset) max. 140 V
Positive guide supply voltage ng d max. 140 V
Ambient temperature, operation

and stand-by tamb max. 50 ©°C©)
NOTES
1. If the power supply does not havea suitable time constant as oneof its char-

acteristics, it can be conveniently obtained by inserting a resistor in series
with the supply voltage and a capacitor to earth (4.7 k2 and 0.25 uF for
1.0 ms, 6.8 kQ and 1.0 uF for 6.0 ms).

. This value should not exceed 40 V.

. The adjacent guide cathode (the cathode to which the discharge is being

transfered) must also be 45 V negative with respect to the most positive
main cathode supply voltage.

. For cathodes 4, 5 and 6, the leading edge of the resetting pulse should have

a rate of fall not exceeding 140 V per ms. Resetting will occur within 1 ms
after the voltage has reached 120 volts.

. The high current permitted during reset should not be allowed to flow for

more than a few seconds.

. It is preferable to store the tube as near as possible to room temperature.

March 1969 || ” 5
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[

Guide B dwell time (ngB) <120us Guide B dwell time (ngB) =120ps
60l Guide A dwell time =50us g0} OCuide A dwell time =>60ps

Positive 3 L s
guide | i e i |

supply  “© 40 V

volt.age - 7/_ — B A

20 This region may be 20
F used if ngB >80ps L

0 0

| This region may be used if the
maximum negative voltage (Vi) on

—20+

—20 I"any main cathode <5V
Negative r This region may be used if [
guide —40f o vk_<3v_qrf TEB >80ps —401
voltage L r =" | 7 >
—60r- —— —»-60-
3 - ——f — - |
—80+ This region -80}-
may be used | -

T

if ngBBGOpfl 5

=100} L/—ﬂ | [o] L N
i e i | SR ——

~1201 This region may be used providing —120F This region may be used providing

the total pulse amplitude does the total pulse amplitude does
not exceed 140V not exceed 140V
7206698 1 1 | > 1 - 1 1
75us ims 1hour time 75us Ims Thour time
Main cathode dwell time Main cathode dwell tjme

GUIDE OPERATING VOLTAGES
The shaded areas represent regions where the tube
may be used without restriction initially and during life

6 March 1969




2504S

Double rectangular pulse drive

T | T
G| 35vi l I

>_|

GUIDE WAVEFORMS

|
| |
Jd

H P H

Rectangular guide A and integrated guide B pulse drive

I3) - i
\ = v 35V \\
B 230V o -
B L~ N L2
2 20ps —
< D e E——2%
’d—————‘ ] >
H

J H )
Differentiated guide A pulse and integrated guide B pulse drive

| 7208899

H

A Positive guide supply voltage
B Negative guide voltage
C Guide A dwell time
D Guide B dwell time
E Main cathode dwell time
F Interval between trailing edge of guide A pulse and leading edge of guide B
pulse
G Potential of most positive main cathode supply voltage
H Discharge transfers from main cathode to guide A cathode
I Discharge transfers from guide A cathode to guide B cathode
I' Earliest instant for discharge transfer from guide A cathode to guide B
cathode
I'"" Latest instant for discharge transfer from guide A cathode to guide B
cathode
] Latest instant for discharge transfer from guideB cathode to main cathode,
for a main cathode dwell time > 1 ms ‘
}I
J' Latest instant for discharge transfer from guide B cathode to main cathode :
dwell time < 1 ms |
March 1969 ll 7
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L

230 7206700

3<

(v)

220

210

200

190

— mi

[T
200 300 400 IL,(uA) 500

Anode to main cathode maintaining voltage plotted
against anode current
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Z505S

SELECTOR TUBE

Cold cathode gas-filled bi-directional decade selector and counting tube.
This tube has ten main cathodes, all of which are brought out separately.
The Z505S gives visual indication and operates at speeds up to 50 kHz.

QUICK REFERENCE DATA
Maximum counting speed 50 kHz
Supply voltage Vba 500 VvV
Output, current 800 wuA
voltage 24V
Indication position of glow; end viewing

DIMENSIONS AND CONNECTIONS

Base: B13B . 27-30
(e
e
N
: Q -
7203791 >°<
E

K is aligned with pin 7 to within + 3°

Mounting position: any

This tube has been designed to close tolerances so that no individual adjustment is
necessary to align the bulb with the escutcheon.

Accessories
Socket type 2422 505 00001
Escutcheon type 55062

General note

All voltages are referred to the most positive supply potential to which any main
cathode (not guide cathode) is returned.

R
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Z505S

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN
(initial and during life)

Ignition requirements

Anode supply voltage Vba 400 to 1000 V
Time constant of rise of anode supply voltage min. 2 ms 1)
Discharge at rest on a main cathode
Maintaining voltage of anode to main cathode
atI, = 0.8 mA, Vpgq =55V
maximum Vi max. 275 V
minimum Vm min, 240 V
Cathode current,
recommended I 0.8 mA
maximum Ik max. 1.0 mA
minimum I min. 0.6 mA
Guide supply voltage
maximum ngd max. 65 V
minimum ngd min. 40 V
Resistance between guides and guide supply Rgd max. 22 k@
Cathode potential (except during reset)
non conducting cathode -Vk max. 14 Vv
conducting cathode, positive Vi max. 28 V 2)
negative Vi max. 0 Vv
Stepping requirements See also page 4
Discharge dwell time,
main cathode min. 8.0 us
Guide A min. 6.0 wus
Guide B min. 6.0 us
| Interval between trailing edge of
| guide A pulse and leading edge of guide B
I pulse (double rectangular pulse drive) max. 0.3 wus
Guide voltage to step the discharge from a main
; cathode to an adjacent guide cathode —ng 2?: gg x
l)2) See page 5
2 March 1969



Z505S

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN (continued)

Voltage difference required between a guide
and the adjacent guide in order to

: max. 140 V
step the discharge Vgd-gd min. 30 V3)
Guide supply voltage to step the discharge - 65 V
from a guide to the next main cathode Vbgd = ’ 40 Vv
Cathode potential
non conducting cathodes -Vk max. 14 V
conducting cathode, positive Vk max. 28 V?2)
negative -V max. 0 Vv
Resetting requirements 4)
max. 140 V
Cathode voltage -Vk min. 100 V 5)
LIFE

A typical tube can be expected to count correctly with the following conditions after
standing on one main cathode for a period of approximately 4500 hours.

Anode current Iy 0.8 mA
Guide supply voltage ngd 60 V
Guide voltage for transfer Vgd -50 Vv
Output cathode (k,) voltage,

non conducting Vo 5.0 V

conducting Vo =5.00 V
Guide A dwell time 6.0 wus
Guide B dwell time 6.0 wus
Cathode dwell time 8.0 wus
Temperature 20+£5 ©°C

2)3)4)5) See page 5

Ll
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Z505S

R

LIMITING VALUES (Absolute max. rating system)
Anode supply voltage Vba
Cathode current (except during reset) I

Voltage between any two main or
guide cathodes (except during reset)

Guide supply voltage Vbgd
Reset voltage, negative

Ambient temperature tamb

GUIDE WAVEFORMS

Double rectangular pulse

A- e = T S | T
: G| 4ovi s
|

8 f | | |
L Lorond

F
€ L. D E
H J H

Positive guide supply voltage
Negative guide voltage
Guide A dwell time

Guide B dwell time

Main cathode dwell time

Potential of most positive main cathode supply voltage

T "9 \H O o %= @

Discharge transfers from main cathode to guide A

—

Discharge transfers from guide A to guide B

max.

max.

max.

max.

max.

max.

drive

1000 V
1.0 mA
140 V
65 V
140 V
50 °cl

Interval between trailing edge of guide A pulse and leading edge of guide B pulse

] Latest instant for discharge transfer from guide B to main cathode, dwell time

< 500 us.

l) It is preferable to store the tube as near as possible to room temperature.
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Z505S

NOTES

1) If the power supply does not have a time constant of 2 ms as one of its charac-
teristics, it can conveniently be obtained by inserting a resistor in series with
the anode supply and a capacitor to the negative return.

(4.7 k2 and 0.5 uF for 2 ms).

2) The maximum voltage difference between any two main cathodes except during
reset must not exceed 28 V.

3) The adjacent guide (the cathode to which the discharge is being transferred) must
also be 30 V negative with respect to the most positive main cathode supply volt-
age.

4) The high current which passes during reset should not be allowed to flow more
than a few seconds.

5) If the cathode current falls below 0.7 mA when the guide voltage applied to the
tube approaches the minimum value of 40 V the negative voltage required for
resetting may rise to 110 V.

March 1969 5
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Z505S

7Z202490-26.¢je.19
0 | 5 1 5 6 1 OO N
Vga 6 G G 1 O O O
(v) ko negative supply voltage =14V
ko resistor =33 kuu
guide A and guide B
conduction periods >6us
-20
—40
—60 positive guide ||
supply voltagei—
340V ]
60V ]
-80
=100

600 800

Guide voltage to ensure stepping.

1000 I4 (pA)

The area of operation is increased with the use of larger pulse periods
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Z505S

A

The shaded areas represent regions where the tube

80 may be used without restriction initially and during life
Pbsi':jtive 3 >
stpply O 7 Tz
voltage r !
ol 7 |
|
|
0 L L L :
Bus 500us 5h Main cathode dwell time |
| This region may be used if the maximum i
. 201 negative voltage (Vi) on any main cathode <5V '
N;gi':e'” L F——\—————————— = (This region may be i
voltage ~40f %/////// _Irused it V<5V :
—60- N,
I |
—80k e e
1) This region may be used providing the total pulse
amplitude does not exceed 140V and the anode

current <S00pA
or 2) This region may be used providing the total pulse
amplitude does not exceed 40V and each guide

dwell time =20ps 7207838 L

Guide operating voltages
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ZM1000
ZM1000R

INDICATOR TUBE

Long life cold cathode ten digit indicator tube for side viewing

QUICK REFERENCE DATA

Numeral height
Numerals
Decimal point

Supply voltage

Anode current, average

peak

approx. 14 mm
0123456789

to the left of the numerals

Vba min. 170V

Ia 2,5 mA

Iy max. 12 mA
P

GENERAL

The numerals are 14 mm high and appear on the same base line allowing in-line
read out. The ZMIOOOR is provided with a red contrast filter.

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of ten numerals and one in the form of a
decimal point;a primer, and one common anode. By applying a suitable voltage be-
tween the anode and one of the cathodes the corresponding numeral or the decimal

point will be covered by a red neon glow.

The primer allows ionization without delay in strobe type or blanking applications.

DIMENSIONS AND CONNECTIONS

direction of viewing
|

k%‘#l

Dimensions in mm

19 max

ic. Kk {¢_2 ic.

,—kdpt % iaébr =

llo4

L25Me

T%i#‘“#
l

127 [T 127
254 | | 254

72087951

1) Length of i.c. pins max. 2.8 mm,

2) Not tinned.

3) Standard deviation 0.13 mm

3max 2)

7208796.2 ’J .m 06

April 1970
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ZM1000
ZM1000R

I

S —

The deviations of the axis of the pins with respect to the true geometrical position
cover an area of max, 0.3 mm diameter. The pin configuration is compatible with
the reference grid for printed wiring according to IEC Publication 97 (0.1 in).

Mounting position: Any

Soldering

The pins may be dip-soldered at a solder temperature of max. 240 °C for maximum
10 seconds up to a point 5 mm from the seals.

Natural frequency

The natural frequencies of the numeral cathodes lie within the range from 300 Hz
to 800 Hz.

ACCESSORIES

55701 Printed wiring mounting board (19 x 100 mm )on which the ZM1000 can be sol-
dered; afterwards the combination can be mounted on a vertical printed wiring
board carrying, e.g., the drive circuit. Can also be used with the snap-fit
tube holder 55703.

55702 Tube socket (for 0.1 in grid). Phenolic. Tinned contacts.
55703 Snap-fit tube holder.

55704 Set of one left-hand and one right-hand end piece to complete the snap-fit in-
dicator tube assembly.

CHARACTERISTICS AND OPERATING CONDITIONS

Ignition voltage Vign max. 170 V

Maintaining voltage Vm see page 4

Anode current for coverage Ia min. 1.5 mA
(with or without decimal point and Ia max., 4.5 mA

Vkk = kamm - V§], see page5)

Cathode selecting voltage Vkk see page 5

Cathode resistor, decimal point Rdp 100 k2 +10% 1
Primer resistor Rpr 10 MQ +10%
Extinction voltage Vext min, 118 V

1) Lower values of this resistor are permitted. The anode current should be in-
creased by the increase of decimal point current resulting from the decrease of
this resistor.

2 March 1969



ZM1000
ZM1000R

Typical operation over full temperature range 0 °C to +70 °C.

D.C. operation see pages 4, 5, 6 and 7.

Peak currents up to 12 mA can be allowed provided the average current value does
not exceed 2.5 mA.

To avoid- excessive glow on "off" cathodes, the cathode selecting voltage should ex-
ceed 65 V. Minimum pulse duration 100 us.

For further information consult the manufacturer.

LIFE EXPECTANCY atI, = 2.5 mA

This tube is manufactured on the same physical principles as other tubes in this
category and it is expected that the life will be comparable, viz:

sequentially changing the display from one digit
to the others every 1000 h or less 100 000 h

Mean time between failures min. 200000 h

LIMITING VALUES (Absolute max. rating system)
Anode voltage necessary for ignition Va min. 170 'V

Anode current,

average during any conduction period Ia min. 1.5 mA
average (Tay = 20 ms) Ia max. 4.5 mA
peak Iap max. 12 mA -~
Cathode selecting voltage Vik see page 5
Bias voltage between anode and
"off" cathodes Vbias max. Vfloating
Ambient temperature tamb min, ~50 oc: 1)
tamb max. +70 oC

1)Bulb temperatures below 10 °C result in a reduced life expectancy and changes in
characteristics (see page 4).
For equipment to be used over a wide temperature range, "constant current op-
eration" (high supply voltage with a high anode series resistor) is recommended.
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ZM1000R

7208791

[TT T T TTTTITITTIITd I
200
Vm
(v)
oV oV Oory, 70°C =
T IosIpt =L, kK rax. Vmt Loul
T T ot
—H 25°C -
150 — = Inom Vmﬁﬂ’ﬂf—?qf 1 P
Vo= 133475 q d == T mat toup 0°CLLY
vmm_125+ 61 ==
| VI N T 1|
NV =17 515 ==
|
100 I
|
| =
It 1
*h i 2 3
— I5 (mA)
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ZM1000
ZM1000R

7208793
| 5 5 1 G O

1

600, T
Ikk 1
(HA)

444

i

500

/6 % N O )

444

T3

=]

»

M

—t

44 ix

=
Q,
<
2
=
o
Q
£

T 11T

44+

400

%rgin.l kk ind.
Yy,
1Ty

0 50 100 150 200
= VW)

Ikk individual and = Ixk versus cathode selecting voltage Vikk at Iz = 2.5 mA.
Ikk and = Ikk are proportional to the anode current within the operating range of I
and with Vkk = 0 V to 100 V.

The curves are valid for instantaneous values and for average values of anode current.

1
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| ZM1000R
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| Vba pTa=25mA
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Graph denoting the relationships of D.C. anode supply voltage and required anode
resistor to remain within the recommended operating region.

R
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ZM1000R
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ZM1001
ZM1001R

INDICATOR TUBE

Long-life cold-cathode character indicator tube for side viewing.

QUICK REFERENCE DATA

Character height

approx. 10 to 14 mm

Characters +, -~ X, Y, Z

Supply voltage Vb, min. 170 V

Anode current Iy 25 A
GENERAL

Character indicator tube to be used in conjunction with ZM1000 numerical indicator

tube for in-line read-out in e.g. digital instruments or

numerical control applica-

tions. The ZMI100IR is provided with a red contrast filter.

DIMENSIONS AND CONNECTIONS

direction of viewing

Dimensions in mm

l 19 max
)] : 1) r[_/\
Zw‘ QI:C'+- =3 )
X Y o
i o9 \ 2 3\, fn
_ic@ o ! ;&_LC'Q"C_ =] f% 2 / 3 (\?
I.C, ol T —
R e
S g i | &
| ~ ?3‘
27 ][ 127 ?.,X: T "
2.54 | :
e 12105-9[;&1 72089751 206

Mounting and Accessories: see ZM1000

CHARACTERISTICS, OPERATING CONDITIONS AND LIMITING VALUES
These are essential the same as of type ZM1000

Ly Length of these i.c. pins max. 2.8 mm
2) Not tinned
3) Standard deviation 0.13 mm
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ZM1005
ZM1005R

INDICATOR TUBE

Long-life cold-cathode ten-digit indicator tube for side.viewing.
The tube is designed for time-sharing (pulse) applications.

QUICK REFERENCE DATA
Numeral height approx. 14 mm
Numerals 0123456789
Decimal point to the left of the numerals
Supply voltage Vb,(pulse) min. 170 V
Anode current, peak Iap min. 6 mA
Iap max. 20 mA
average I max. 2.5 mA
GENERAL

The numerals are 14 mm high and appear on the same base line allowing in-line
read-out, The ZM1005R is provided with a red contrast filter.The ZM1005 is iden-
tical to the ZM1005R but has no filter.

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of ten numerals and one in the form of a
decimal point; a primer, and one common anode. By applying a suitable voltage be-
tween the anode and one of the cathodes the corresponding numeral or the decimal
point will be covered by a red neon glow.

The primer allows ionization without delay in strobe type or blanking applications.

January 1970 | l 1




ZM1005
ZM1005R

L

DIMENSIONS AND CONNECTIONS Dimensions in mm

direction of viewing

-

1%
£25mon

e

ko kg kgp

'
'y

|7, 128%

3mn 2)

long
o waa 06

The deviation of the axes of the pins with respect to the true geometrical position
cover an area of 0.3 mm diameter. The pin configuration is compatible with the
reference grid for printed wiring according to IEC Publication 97 (0.1 in).

Mounting position: any
Soldering

The pins may be dip-soldered at a solder temperature of max. 240 °C for maximum
10 seconds up to a point 3 mm from the seals.

Natural frequency

The natural frequencies of the numeral cathodes lie within the range from 300 Hz to
800 Hz.

ACCESSORIES

55701 Printed-wiring mounting board (19 mm x 100 mm) on which the ZM1005 can
be soldered; afterwards the combinationcan be mounted on a vertical printed -
wiring board carrying, e.g., the drive circuit. Can also be used with the
snap-fit tube holder 55703.

55702 Tube socket (for 0.1 in grid). Phenolic. Tinned contacts.
55703 Snap-fit tube holder.

55704 Set of one left-hand and one right-hand end piece to complete the snap-fit in-
dicator tube assembly.

1) i.c. pins max, length 2,8 mm
2) Not tinned
3) Standard deviation 0.13 mm
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ZM1005
ZM1005R

CHARACTERISTICS AND OPERATING CONDITIONS

Ignition voltage Vign max. 170 V
Maintaining voltage Vm see page 4
Anode current, average (.Tav = max. 20 ms) I3 max. 2.5 mA
peak Iap min., 6 mA
(with or without decimal point) Iap max. 20 mA
Pulse duration Timp min. 50 usl)
Cathode selecting voltage (see also page 4) Vikk min, 70 V2)
Vkk max. 115 V
Cathode resistor, decimal point Rap 10 k4+10% 3)
Primer resistor (anode to primer supply
voltage min. 170 V) Rpr 10 MQ+10%
Extinguishing voltage Vext min. 118- V

LIFE EXPECTANCY atI, =2 mA

The life expectancy is dependent on the instantaneous and average values of anode
current:
sequentially changing the display from one digit

to the others every 100 h or less, I, = 10 mA 100000 h
Iap =20 mA 20000 h
Mean time between failures min. 200000 h
LIMITING VALUES (Absolute max. rating system)
Anode voltage necessary for ignition, pulse Vap min. 170 V
Anode current, average (Tgqy = 20 ms) Iy max. 2.5 mA
peak Iap min. 6 mA
Iap max. 20 mA
Pulse duration Tirnp min. 10 us
Cathode selecting voltage Vkk min. 70 V
Vkk max. 115 V
"Off" anode voltage Vangger max. 115V
Ambient temperature turl min. =50 OC %)
tamb max, +70 OC

1) Pulse durations down to 10 us are allowed provided the minimum peak anode cur-
rent is not less than 10 mA.

2) Lower values of Vig result in increasing background glow impairing readability.

3) The decimal point cathode may not be operated without extra current limiting re-
sistor unless a numeral cathode is operated simultaneously.

4) Bulb temperatures below 10 °C result in a reduced life expectancy and changes in
characteristics.
For equipment to be used over awide temperature range, ''constant current oper -
ation" is recommended.
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ZM1005R
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ZM1020

INDICATOR TUBE

Long life cold cathode ten digit numeral indicator tube for top viewing.

QUICK REFERENCE DATA
Numeral height 15 mm
Numerals 1234567890
Supply voltage min. 170 V
Anode current i 2 mA
GENERAL

The numerals are 15 mm high and appear on the same base line allowing in-
line read out. The ZM1020 is provided with a red contrast filter.

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of ten figures and one common
anode. By applying a suitable voltage between the anode and one of the ten
cathodes the corresponding numeral will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B

this part
of the bulb
is filter
3 & coated
[Te) |
Y
© )
= Q &
" / v
72072
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ZM1020

M

Mounting position: any

The numerals are viewed through the dome of the envelope. The numerals will
appear upright (within 1.5°) when the tube is mounted with the line through pins

1 and 8 vertical, pin 8 being uppermost.

Accessories

Socket type 2422 505 00001
or
2422 505 00002

CHARACTERISTICS AND OPERATING CONDITIONS
(Valid over life and full temperature range)

Ignition voltage Vign
Maintaining voltage Vi
Anode current for coverage,

averaged during any conduction period I

Anode current,

average (Tay = max. 20 ms) I

peak Iap
Cathode selecting voltage Vkk
Extinguishing voltage Vext

Typical operation 1)

D.C. operation

See sheets 5 and 6

A.C. operation

See sheets 5 and 7

max. 170 V

see sheet 4

min. 1 mA

max. 3 mA
max. 6 mA
see sheet 5

min. 118 V

1y Bulb temperatures below 10 °C result in a reduced life expectancy and

changes in characteristics (see sheet 4).

In designing equipment to be used over a wide temperature range the use of
"constant current operation’ (high supply voltage with a high anode series

resistor) is recommended.
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ZM1020

LIFE EXPECTANCY AND RELIABILITY (at I; = 2 mA)

Sequentially changing the display from one
digit to the others every 1000 h. or less 100.000 h

The reliability has been assessed in a life test programme totalling 4.5 x 106
tube hours. The longest test period was 50.000 hrs on 47 tubes. No failures
have been found. The Mean Time between Failures is better than 106 hrs which
corresponds with a failure rate of less than 0.1 % per 1000 hrs at a confidence
level of 95 %.

LIMITING VALUES (Absolute max. rating system)

Anode voltage necessary for ignition Va min. 170 V
Anode current, D.C. Iy min, 1 mA
rectified A.C. and pulse Iap min. 2 mA
average (Tay = max. 20 ms) Iy max. 3 mA
peak Iap max. 10 mAl)
Cathode selecting voltage Vkk ziesti;:[ssN sad=w
Bias voltage between anode and
"off" cathodes (see sheet 5) Vbias max. Vfloating
min. -50 ©C

Ambient temperature t
p amb max. +70 ©C

1) Above I = 6 mA the connecting wires and eyelets may be covered by the
glow.

March 1969 3

et



ZM1020

300 7207256
e Vay see st s T
Vm A + Above Vr the "of f " cathodes act as anode H
v and the current 5 Ik, must be added to IgH
v 7 HHHHHH
| 250 m 1798 T P T T
| g : Vin =137+91,  maxVy at 70°C
1 Y b : Vi =128+ 7141, nomVy, tpuyp O to 25°C
i — HHHc : Vin=1224615  min Vi at 0°C tpu1p
| 200H+H G s Vip =112+ 615 min Vi at —=50°C tpulp
sl i 3 O n
| EENNSEEEmEESEREEET ]
| 1 EEEELIR=S i 8
150 o S
am ]
100
50
0 3 4 5 6 Io(mA)7
i
|
|
|
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ZM1020

Ixk individual and = Iy versus cathode selecting voltage Vi at I; = 2 mA.
Ikk and =Igg are proportional to anode current in the range Vg = 0 to 100 V.

The range of Vf] (Ikk =0) shifts to the right/left at increasing/decreasing anode
current (8 V/mA).

The curves are valid for instantaneous and for average values of anode current.

7207257
s LA A —
(WA - Ig—2mA —WWW—— Vs
1000H e
|
A N
3 s
- —
_5}:\4&’; .
T ™ =) N
500 :_:Cj‘?-:_ worst 0 Vkk I,=L+5Iy
ral
opera-JTTY
s N
) : s
fin ™ nimlrf'%eration
5 i —area
I~ ~
0F= = ] L)
9 2 NEEEL 200 Hvia(v) H 250
Ve min
T max
T
=500 111 111

For low cathode selecting voltages the current Ixk to the "off" cathodes will
increase and the readability of the "on" cathode will be affected. It is there-
fore recommended to use a nominal operating point to the right of line N.
Under the worst operating conditions the operating point should never reach
the area left of line W.
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ZM1020

500 T T T e
NEEEE RN
Iy =2mA (nom
Ve Io< 3mA- 12 tnoml I,= ImA-
TT]) 94
(V) il o():ro(; » A
&b Q:J\.e ‘\Qc( /
400 N X4
4 A
V.
4 .
A
A
A //
Ry gt /
300+ ,’
I A Pa
vi WVt
/'
-—‘# FHHA ( )
A [ ]
/54 ’ e
4
200 % -0
i 4
.4 e e
r Vkk max=Vr1
See sheet 5
|
100 FHEEY o Example : u
31{523 3 Supply Vye =300V =+ 10%]
STI3 g Ry nominal =79 k& [
Rq maximum = 124 k£ (H
I Rq minimum = 66 k&[]
i I O
0 I O
0 100 200 Ry (kd)) 300

Graph denoting the relationship of D.C. anode supply voltage and required
anode resistor to remain within the recommended operating region.
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72072
500 Iop< 6mA @ 1518
gisa omdme
7] S Ip<3mA 0N 4
(v) = F 1 =2mA (nom) H A
64—-& 4 ] l'
é‘; "'rl i 4
4 '/ ¢ -
% FEREY AT, —imA DD
4 v (nom) |
7 717G
4" f-’
a / 1': ‘0&0
7
yI'ANY
AV, pd
7 pd
J V.
7 &
yi
74 2 |
] 4 T
DAt :
. Zf"/ DA e
v RS |la
e
L ]
100 giors===-"00
|
0
0 50 100 Rq (kdd) 150

Graph denoting the relationship of the peak value of full-wave unsmoothed rec-
tified A.C. anode supply voltage and the required anode resistor to remain

within the recommended operating area.
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ZM1021

INDICATOR TUBE

Cold cathode character indicator tube for top viewing.

QUICK REFERENCE DATA

Character height 15 mm
Characters Ay Vi @ % s by s
Supply voltage min. 170 'V
Anode current 2 mA
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B
. 265%15
this part Ind == R=7
of the bulb § T _ == i
is filter _—] |
coated — 2
1
3 - &
S
E
)
72076162 ig

CHARACTERISTICS, OPERATING CONDITIONS AND LIMITING VALUES

These are essential the same as of type ZM1020.

il
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ZM1022

INDICATOR TUBE

The type ZM1022 is electrically identical with type ZM1020 but has no filter
coating.

The use of a separate blue absorbing e.g. circular polarized amber filter is
recommended.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B
265+%15
R=7
0 0
g / 3 7 R
.ﬁ B 1)
ne k6 | UJ ” Uou ,ﬁu.
<. 7203462 ‘ kL.O 7&1’  max4.5¢

;._a_.l 72076131

1111
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ZM1023

INDICATOR TUBE

The type ZM1023 is electrically identical with type ZM1021 but has no filter
coating.

The use of a separate blue absorbing e.g. circular polarized amber filter is
recommended.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B

285*15

2.
25%15

\max3

i
e 72076142 7¢.\LL ?max4.5¢

T 7203464

6.25]

March 1969 }
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MAINTENANCE TYPE ZM1024

INDICATOR TUBE

Cold cathode character indicator tube for top viewing

QUICK REFERENCE DATA

Characters ¢/s, Ke/s, Mc/s, us, ms, ns, s

This tube is mechanically compatible with type ZM1020

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: B13B

thi " 285*15

is par =
of the bulb 4‘

is filter / 0
coated = « —[------ b 7[\, 1 A

x> ‘iQ
LL B

ic 72076152

- 7203466 7¢;u’ | imax4.5% e

CHARACTERISTICS , OPERATING CONDITIONS AND LIMITING VALUES

These are essential the same as of type ZM1020.

MR |1
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MAINTENANCE TYPE ZM1025

INDICATOR TUBE

The type ZM1025 is electrically identical with type ZM1024 but has no filter
coating.
The use of a separate blue absorbing, e.g. circular polarized, filter is recom-
mended.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B
265%15
| R=7
l
I &) ln
d7 5 |
' ™ 1&1 |
5
RE 0 -
—[ﬂ qJUT.U ﬁsr_
ic 72076152 7¢‘\u‘ max4.59%

* 7203466
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ZM1030

INDICATOR TUBE

Cold cathode gas-filled biquinary numerical indicator tube for side viewing.

QUICK REFERENCE DATA
Numerical height 15.5 mm
Numerals 0123456789
Supply voltage Vba > 170 ¥
Anode current L, 4 mA
Cathode selecting voltage Vikk 50 V
Extinction voltage Vext 110 V
Screen supply voltage Vbs 50 V
"Off" anode supply voltage Vba "off" 100 V
GENERAL

The numerals are 15.5 mm high and appear on the same base line allowing in-
line read-out. The ZM1030 is provided with a red contrast filter.

PRINCIPLE OF OPERATION

A transparent screen divides the tube into two sections:

- The front section, containing the front- or "odd" anode and the cathode nu-
merals 1-3-5-7-9.

- The rear section, containing the rear- or "even" anode and the cathode nu-
merals 0-2-4-6-8.

The cathodes are internally connected in pairs: 0-1, 2-3, 4-5, 6-7, 8-9.

By applying a suitable voltage between a cathode pair and the "odd" anode the
"odd" cathode of that pair will be covered by a red neon glow.

Switching from one number of a pair to the other of that pair is accomplished by
decreasing the voltage on the operating anode and simultaneously increasing the
voltage on the other anode. 1y

1y When mechanical or low speed switching is used, a "make before break" ar-
rangement is preferred. During switching the shield connection and the shield
supply should be maintained.

March 1969 J
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ZM1030

e ———— A s

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base:~Noval

direction ajleven) ¢
lof viewing

max22.2

=3

00
O+
ol
O™

55
U
max 49.2
max55.6

135

k2,3 k6,7 10 | 7z0186m
kO,l k4’5 kas

Mounting position

When mounted with the base down the viewing direction will coincide with the
line from pin 8 throught pin 3 (1_-50).

CHARACTERISTICS, RANGE VALUES AND OPERATING CONDITIONS

Reference point for all electrode voltages is the "on" cathode.
During operation no electrode should be left floating. See fig.1

Ignition voltage Vign < 170 V
Maintaining voltage Vm See page 5 and 6
Anode current for coverage,

average during any conduction period Iy > 3 mA

Anode current,

average, Tgy = 20 ms Iy < 5 mA

peak, 50 to 60 pps Iap < 12 mA

40 Vv 2

Cathode selecting voltage 1) Vkk Z 110V )
i > 8 V
Off" anode supply voltage Vba "off" < 115 V

Screen voltage Vg See page 8

Extinction voltage Vext > 110 V

1y The cathode selecting voltage is the voltage difference Vik used for discrimi-
nation between the "off" cathodes and the "on" cathode.

2y At low values of Vg, the contrast of the display will be reduced due to glow
on adjacent numerals. This will not affect the life of the tube.

2 April 1970



ZM1030

Operating conditions

, Vba | 200 | 220 | 250 | 300 | v ‘
D.C. operation Ry 15 20 27 39 K
i pesgEam. | Vba | 170 | 220 | 250 | 300 | v |
half wave rectified R 10 18 4 33 KQ i
50 to 60 c/s & —
full wave rectified Vba 170 220 250 300 Y —
100 to 120 c/s Ra 15 27 33 47 k2 =
LIFE EXPECTANCY at1, = 4 mA |
Sequentially changing the display from one ‘
digit to another every 500 hours or less 50000 hours f
Vbco——we“;W*—IL
Vi o ———MWWW—=0f
baoff 10 to 100k P_.; E
Vbs o AW Is |
10k £20%
ka°‘— °
PLELTTT]
Fig.1 gk
I MOk
! O,
OC 1’JKI7.|
March 1969 3



ZM1030

LIMITING VALUES (Absolute max. rating system) See fig.1
Anode voltage necessary for ignition Va

Anode current,

average during any conduction period Iy

average Tyy = max. 20 ms Iy

peak Iap
Cathode selecting voltage 1) Vik
"Off"" anode supply voltage Vba "off"
Screen voltage Vg

Bulb temperature,

storage tbulb

operation thulb

REMARK 1, = Iy + Iy + Ig

min. 170 V 4)
min. *3 mA
max. S5 mA
max. 12 mA
min. 40 V 2)
max. 110 V
min. 85 V
max. 115V
min. 40 V
max. 80 V
max. +70 ©°C
min. =55 ©C
max. +70 ©C
min. +15 ©0C 3)

1) The cathode selecting voltage is the voltage difference Vi used for discrimi-

nation between the "off" cathodes and the "on" cathode.

2) At low values of Vg, the contrast of the display will be reduced due to glow
on adjacent numerals. This will not affect the life of the tube.

3) Bulb temperatures below 15 °C result in a reduced life expectancy, larger

spread and changes in characteristics. See also note 4).

4) The minimum supply voltage should be as stated. However the use of the
highest voltage available with the appropriate series resistor to maintain the
anode current within the specified limit is recommended. The use of "con-
stant current operation" (high supply voltage with high resistor) is recom-
mended when designing equipment operation over a wide temperature range.
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200 N
oS
<

Vi g

(V) Tomb =25°C 8

180 &

moX

160 A

~ minl_1d
A g P
140 mEa
b
7200 2 4 6 8 10 I,MmA) 12
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v,
(V) 3
180 4
b =30"C g
160
i -t NOX
—t T T
%40 —— in
pm—— 4—min
120
3 35 4 45 5 I, (mA)
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ZM1030

1000 7203663-26.13.ajcj

=4k
(LA) Ig =

|
FS
3
>

800

o g e o e

600

400

Operating area

200

0 50 100 Vix (V) 150

The max. value of Ikk to any one pair of numbers will be 55% of Iyy.

1) The values of Iy varies with anode current. Each mA increase or decrease
of I, results in max. 40% increase or decrease respectively of Ixk.
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I
(LA) Vps=50V
Rs =10k{L
800 -
\
\ Io=4mA"
600
400
N
AN
AN
)perating
area
hN
200 N
\
0, -
0 50 100 Vs (V. 15

7203684 26.13.0jc)

1y The value of Ig varies with anode current. Each mA increase or decrease of

I, results in max. 30% increase or decrease respectively of Ig.
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ZM1031/01

INDICATOR TUBE

Cold cathode sign indicator tube for side viewing.

QUICK REFERENCE DATA
Sign height 15 mm
Signs g
Supply voltage Vba min, 170 ¥
Anode current I 3 mA
GENERAL

This tube has the same physical dimensions as the biquinary numerical indicator
tube ZM1030. The ZM1031/01 is provided with a red contrast filter.

PRINCIPLE OF OPERATION

The tube contains two anodes and three cathodes in the form of the signs, and a
shield. The anodes and the shield should be interconnected externally. See Fig.l1,
page 2.

By applying a suitable voltage between the required sign and the interconnected
anodes, the sign will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval max222 ¢
R

direction
of viewing : o
a s a

Ic;

Nl
2] e
1 3|8
e ol 3
EE
k+ ka k—
7207603 E‘_’
IC 7207604 L .__i[
Mounting position: any 72036171 =t

The signs are viewed through the side of the envelope.
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ZM1031/01

[

CHARACTERISTICS AND OPERATING CONDITIONS

Ignition voltage Vign <
Maintaining voltage at I; = 3 mA Ve
Anode current,

average during any conduction period for coverage I,

— average, Tyy = 20 ms I,

peak Iap
Incremental resistance I,
LIMITING VALUES (Absolute max. rating system)
Anode voltage necessary for ignition V, min.
Anode current,

average during any conduction period I min.

average (Tyy = 20 ms) L max.

peak Iap max.
Bulb temperature thulb 2;1;

{ = O Voo
Ra
[ i J
Vik
UL___O
720208 o
Fig.1

1y Below 10 OC the life expectancy is substantially reduced.

170
140

10
4.5

170

10
-55

« +70

mA
mA
mA
k$2

mA
mA
mA

OC l)
oC
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ZM1032

———

INDICATOR TUBE

The type ZM1032 is electrically identical with type ZM1030 but has no filter coating.
Theuse of a separate blue absorbing e.g. circular polarized amber filter is recom-
mended.

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

22
direction ay(even) SI a (odd) K
lof viewing ‘ A —*]
02468 | 13579° -
Sanazaif] 3
T 9 5
: el \= 5|
' Ranmih E'
1
7203689.1
k23(k67 10 Tmn_i
koj ka5 Kag %

it
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ZM1033/01

INDICATOR TUBE

The type ZM1033/01 is electrically identical with type ZM1031/01 but has no filter
coating.

The use of a separate bleuabsorbing e.g. circular polarized amber filter is recom-
mended.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval max222 ¢
direction
of viewing
Yo
ic. a s a ] g8
o ol 3
| g &
o0
Y\ J Y
k4+ ka k— )

]‘c 7207604 7207603 72036171
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ZM1040

INDICATOR TUBE

Cold cathode ten digit numeral indicator tube for side viewing.

QUICK REFERENCE DATA
Numeral height 30 mm
Numerals 1234567890
Supply voltage Vpa min. 170 V
Cathode current Ik 4.5 mA
GENERAL

The numerals are 30 mm high and appear on the same base line allowing in-line
read out. The ZM1040 is provided with a red contrast filter.

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of tenfigures and one common anode.
By applying a suitable voltage between the anode and one of the ten cathodes the
corresponding numeral will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm
285%15
Base: B13B [ ™

!
.
g
direction L)
of viewing _g\
<l
i
: |
@ Q x |
4 ¥ |5 I
SQ, Y l% \. 1 f J%*
3 19 4k -.dr—wnax 45¢
72009691

I) Pins 1 and 2 to be interconnected externally.
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—p—

Mounting position: any

The numerals are viewed through the side of the envelope. The numerals will
appear upright (within 1.50) when the tube is mounted vertically.

Accessories 2422 505 00001
Socket type or 2422 505 00002

CHARACTERISTICS AND OPERATING CONDITIONS

Ignition voltage Vign ~ max.

Maintaining voltage Vm see sheet 5

Cathode current for coverage,

average, during any conduction period Ik min.

Cathode current,

average (Tyy = 20 ms) Ix max.

peak Ikp max.
Cathode selecting voltage Vik see sheet 6
Extinguishing voltage Vext  min.

Typical operation at temperatures tamp = 10 to 50 /o)

(See fig.1 and 3 and sheets 5 and 6)

Anode supply voltage Vba 200 250
Maintaining voltage Vm 140410 140410
Anode series resistor Ry 15 27
Cathode selecting voltage Vkk

(See fig.2 and 4 and sheet 5)

Secondary transformer voltage Viy 170 220
Anode series resistor Ry, 5.6 12
Cathode selecting voltage Vik

300
140410
39

min.

250
18

min,

170

20

120

350
140410
47

300
27
60

k2
vl

v
k2
v}

1) With low cathode selecting voltages the current Ik to the "off" cathodes will
increase and the readability of the ""on" cathode will be affected. It is there-
fore recommended to use a voltage Vi in excess off the stated minimum

value.

—
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ZM1040

LIFE EXPECTANCY at I = 4.5 mA

Sequentially changing the display from one digit

to the others every 1000 hours or less

LIMITING VALUES (Absolute max. rating system)

Anode voltage necessary for ignition
Cathode current,
average during any conduction period
average (Tyy = 20 ms)
peak
Cathode selection voltage

Bias voltage between anode and "off" cathodes

Bulb temperature

Vbias

tbulb

100 000
min, 170
min, 3
max., 6
max. 20
min. 60
max. 120
min. 0
max. +70

=

<

e BRR

Ocl
66

1y Bulb temperatures below 0 °C result in a reduced life expectancy and changes

in characteristics (see sheet 7)

In designing equipment to be used over a wide temperature range the use of
"constant current operation” (high supply voltage with a high anode series re-

sistor) is recommended.
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Fig.1 Fig.2
—— Sz03808 O — 7203605
Rq
+
Ko kg
00 o
Fig.3
Voa
‘B
Ll J$b0LO0L00
0000000
L LIy L ald
Vike
I
7703606 O+
Fig.4
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ZM1040
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ZM1041

A

INDICATOR TUBE

Cold cathode sign indicator tube for side viewing.

QUICK REFERENCE DATA
Sign height 20 mm
Signs ot o
Supply voltage 170 VvV
Cathode current 4.5 mA

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: B13B
285+15
20
4
oo ; ™
||
o 8
direction x|© L
of viewing o|N __3'
E P
3 3l i
o % —1
o g ! o
2 e ale
¥ wn H T £~
& ¥
© 18 Jb Le—max 459

7202385

GENERAL

The tube has the same physical dimensions as the ZM1040 numeral indicator
tube. The ZM1041 is provided with a red contrast filter.

1) Pins 1 and 2 to be interconnected externally.
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ZM1041

CHARACTERISTICS

Ignition voltage Vign ~max. 170 V
Maintaining voltage Vm see sheets 3 and 4
Extinguishing voltage Vext min. 120 VvV
"Off" cathode probe current characteristic see sheet 4

PRINCIPLE OF OPERATION

The tube contains two cathodes, in the form of the signs +and -, and a common
anode. By applying a suitable voltage between the anode and one of the cathodes
the corresponding sign will be covered by a red neon glow.

ACCESSORIES
Socket 2422 505 00001, 2422 505 00002 or 2422 505 00003

MOUNTING POSITION
Any

The signs are viewed through the side of the envelope.

LIMITING VALUES (Absolute max. rating system)

Anode voltage necessary for ignition Va min. 170 VvV
Cathode current,
average during any conduction period Ik min. 3 mA
average (Tay = 20 ms) I max. 6 mA
peak Ikp max. 20 mA
Impulse duration Timp min. 80 wus
Cathode selecting voltage Vik min. 60 VvV
Bias voltage between anode and "off" cathode Vbpiag max. 120 V
max. +70 °C 1
Bulb temperature tulb i, -50 °C )

l) Bulb temperatures below 10°C result in a reduced life expectancy and changes
in characteristics (see sheet 4).
In designing equipment to be used within a wide temperature range the use of
“'constant current operation" (high supply voltage with a high anode series re-
sistor) is recommended.
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ZM1042

INDICATOR TUBE

The type ZM1042 is electrically identical with type ZM1040 but has no filter
coating.

The use of a separate blue absorbing, e.g. circular polarized amber filter is
recommended.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B

direction S
of viewing | =
~
wn
¥|3
IR 1 T

L

-

oy
Q il
@I___Wlli* -ﬂ-” Url)ax 45¢

7203469

1) Pins 1 and 2 to be interconnected externally.

[
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ZM1043

INDICATOR TUBE

The type ZM1043 is electrically identical with type ZM1041 but has no filter coating.

The use of a separate blue absorbing, e.g. circular polarized amber filter is re-
commended.

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: B13B —_—
20
H
T
|
direction o
yof viewing ‘g gl ,
E A
} |
o
T} Slem |
3 x
o 5 |
-7 N
el Y T
or—1 I
7203471 18 e Le—max 45 @

1) Pins 1 and 2 to be interconnected externally.
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MAINTENANCE TYPE ZM1050

INDICATOR TUBE

Cold cathode numerical indicator tube for top viewing. PoImely a0

QUICK REFERENCE DATA
Numeral height 3 mm
Numerals 1234567890
Supply voltage Vba 90 | Vade.
Cathode current I 3 mA
Starter selecting voltage S5 ¥
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B
285%15
. N
2 o/ 9
B ) =
i +I
2 7 - 8
© 5
y i £,
| |
), 18 . Mmax4.5¢

7203513

GENERAL

The 3 mm high numerals are displayed in radial form.
The tube is primarily intended for use in circuits with transistor control.

PRINCIPLE OF OPERATION

The pulsating d.c. supply voltage (preferably half sine waves) causes one of the
ten pure molybdenum cathode positions to glow. This position will be determined
by the voltage level of corresponding starter being a few volts above the level of
the remaining starters.

March 1969 1




ZM1050

11|

—  ACCESSORIES
Socket 2422 505 00001 or 2422 505 00002

MOUNTING POSITION
Any

The numerals are viewed through the dome of the envelope.

The numerals appear upright when the tube is mounted with the line through pins
1 and 8, vertical pin 1 being uppermost.

Number 0 is aligned with pin 1 to within 3°.

CHARACTERISTICS AND OPERATING CONDITIONS

Recommended circuit

M
[P SN 4 V)
r“ Vtr
mains i =
(i R T Cy ol
(f Ver k Stp Sty Sty
: AN
Rst Rst Rst
| ESESS S S SS e e |
L 1 Transistor circuit ;
NSt :
7203520
Transformer secondary voltage Vir 110 V +10% 1)
Cathode resistor Rk 10 k2 + 5%
Starter series resistor Rst 330 k@ 2)
Shunting capacitor Cyk 33 nF )
Starter selecting voltage Vgt-st See sheet 4 upper figure
and 2) on page 3
Starter current Igt 50 upA
Maintaining voltage Vi 84 Vv
Recommended cathode current Ik 3 mA

l) The rectified a.c. voltage should be free from spikes.
A shunting capacitor Cg of 33 nF serves this purpose.

2) This resistor should be mounted close to the tube socket.
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ZM1050

LIFE EXPECTANCY at recommended operating conditions and room temperature
Continuous display of one digit 1000 h 1

Sequentially changing the display from one
digit to the others every 100 h or less min. 20000 h

The criterium for the end of life point is given by the minimum value of starter
selecting voltage Vgt-g¢ shown on sheet 4 upper figure.

LIMITING VALUES (Absolute max. rating system)

A.C. supply voltage Vir min. 9 Vr.m.s.
See also sheet 4 lower figure Vir max. 150 Vy.m.s.
Frequency of mains supply f 40 to 100 Hz

min. 2 mA
Cathode current (average) Ik sl & e

in. heet 4 figure?2
Starter selecting voltage Vst-st i, St EReRE SupRer Hens )

max. 300 V
: : ’ min. 100 k2
Starter circuit resistance Rgt — 470 kQ
min. =55 9¢
Envelope temperature hulb e 470 °C

1) Under conditions of longer continuous display on one digit it is recommended
to apply a starter selecting voltage Vg _g; greater than the minimum value,
as indicated on sheet 4 upper figure.

2y The common starter bias potential may deviate by a maximum of + 5V from
the anode potential.

A
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ZM1050
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ZM1080

ZM1082
INDICATOR TUBE
Cold cathode ten digit side viewing numeral indicator tube
QUICK REFERENCE DATA

Numeral height 13 mm
Numerals 1234567890

Supply voltage Vb min. 170 V
Cathode current Ix 2 mA
Distance between mounting centres min. 19 mm

GENERAL

The numerals are 13 mm high and appear on the same base line allowing in-line
read out. The ZM1080 is provided with a red contrast filter.
The ZM1082 is identical to the ZM1080 but has no filter.

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of tenfigures and one common anode.
By applying a suitable voltage between the anode and one of the ten cathodes the
corresponding figure will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm

max19,
e—»
‘ ‘

max47.5

Q
145 13
ION

Direction
of viewing 7209784 7202002} 045

L
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ZM1080
ZM1082

1

Mounting position: any

The numbers are viewed, through the side of the envelope. The numbers will

appear upright (within + 3°) when the tube is mounted vertically.
Care should be taken not to bend the leads nearer than 1.5 mm from the seals.

The leads are tinned and may be dip soldered to a minimum of 5 mm from the
seals at a solder temperature of 240 °C for a maximum of 10 seconds.

The tube may be soldered directly into the circuit but heat conducted to the
glass to metal seals should be kept to a minimum by the use of a thermal shunt.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

Initially and during life at 20 OC to 50 °C unless otherwise stated.

Ignition
Anode voltage Va >170 V
Ignition delay time See page 4 l)
Conduction
iRL, S
Cathode current 1) I <3.5 mA
Cathode current for coverage Ik >1.9 mA
Maintaining voltage at Ix = 2 mA (See also page 5) Vm 140 Vv
Probe current to individual non-conducting cathodes Ik See page 6
Pulse operation
Cathode current, peak Ikp < 12. mA

average, T,y = 20 ms I < 2.5 mA
Average cathode current for satisfactorily display I > 0.8 mA
Pulse duration Timp i 1(2)8 Lnss
Maintaining voltage Vm See page 5
Probe current to individual non-conducting cathodes Iy See pages 6

and 7

EXTINCTION
Anode voltage to ensure extinction Va <115 ¥V

1) For reduced ignition delay times, a small continuous priming current may be
taken from lead 4. This can be obtained from a supply voltage of —=180 V with
respect to the "on" cathode via a resistor of 18 M.
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ZM1080
ZM1082

LIFE EXPECTANCY
Under recommended operating conditions and tymp = room
Continuous display of one digit L > 5000 h

Sequentially changing the display from one digit
to another every 100 hours or less > 30000 h

LIMITING VALUES (Absolute max. rating system)
Cathode current (each digit)

average, Tyy = max. 20 ms Iy max. 3.5 mA
peak IkP max. 12 ~ma
average during any conduction period I min. 1.5 mA
max. +70 9C
Bulb temperature thulb s _50 oC 2)
Anode voltage necessary for ignition Va min. 170 VvV

l) The life expectancy figures given above relate to operation with d.c. cathode
currents between 1.5 mA to 2.5 mA and at all permitted pulsed cathode cur-
rents. .
When a d.c. cathode current range of 1.5 mA to 3.5 mA is used, the life ex-
pectancy exceeds 3000 hours with continuous display of one digit.

2) For bulb temperatures below 0 °C the life expectancy of the tube is substan-
tially reduced.
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ZM1082

7203667—26.13.0jhj
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Probability (%)

CUMULATIVE DISTRIBUTION OF IGNITION DELAY TIME

This curve shows the probability that a tube will ignite in less than the time
shown after a non-conduction period of a few seconds. The ignition delay time
will be appreciably reduced when the interval between conduction periods is less
than 100 milliseconds. In general, an increase in the supply voltage will reduce
the ignition delay time.
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ZM1080
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Probe currents to individual cathodes.D.C. anode current range 15 to 2.5mA
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Probe currents to individual cathodes.D.C.anode current range 1.5 to3.5mA
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ZM1082
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Peak probe currents to individual cathodes.Pulsed anode current 10mA
Duty factor Q1

PROBE CURRENT CURVES

The boundaries A-A and B-B of the graphs represent, for the shown anode cur-
rent ranges, the range of probe currents to individual non-conducting cathodes

plotted against the voltage difference between the non-conducting cathodes and
the conducting cathode.

For optimum display, the probe current to any non-conducting cathode should be
as low as possible. In addition, reverse probe current should not be permitted.

These conditions can be satisfied in two ways:

(1) With a low impedance voltage source connected to the non-conducting cath-

odes. For example, when using a current range of 1.5 to 2.5 mA and a volt-
age between 50 and 115V is required.

(2) With a separate high impedance connected to each non-conducting cathode
and returned to a voltage source of less than 115 V. In this case the loadline
of the voltage source must lie to the right of boundary C-C.

11111}
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ZM1081
ZM1083

INDICATOR TUBE

Cold cathode side viewing character indicator tube.

QUICK REFERENCE DATA
Character height 10.5 mm
Characters s i
Supply voltage Vp min. 170 V
Cathode current I 2 mA
GENERAL

The ZM1081 is provided with a red contrast filter
The ZM1083 is identical to the ZM1081 but has no filter.

PRINCIPLE OF OPERATION

The tube contains 3 cathodes in the form of the characters -, + and ~ and one
common anode.

By applying a suitable voltage between the anode and one of the three cathodes
the corresponding character will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm

max 19

Te]

~

 E— ~3

/direction of gr 5

: viewing = £

%) x® 05| | g

k»\, \s(‘ K 3 a Vi .

®

™

.c

E

< i a L

953 72037601 v k+ k’\;zozm 045, 7203759.‘

I
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ZM1081
ZM1083

Mounting position: any

The characters are viewed through the side of the envelope.
The characters will appear upright (within+20) when the tube is mounted vertically.

Care should be taken not to bend the leads nearer than 1.5 mm from the seals.

The leads are turned and may be dip soldered to a minimum of 5 mm from the seals
at a solder temperature of 240 OC for a maximum of 10 seconds.

CHARACTERISTICS, OPERATING CONDITIONS AND LIMITING VALUES

These are essential the same as of type ZM1080.
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PL2D21

THYRATRON

Thyratron, inert gas filled tetrode for relay service, electronic timers, sta-
bilized rectifiers, stabilization of A.C. output, in grid circuits of power thyra-
trons.

QUICK REFERENCE DATA

A ELE 1—““'~>—r<-k—ﬁ%?ﬁ\d\,“ e

Peak anode voltage Vap = 6500V
Cathode current, peak Ikp =L 009 A
average Iy =0kl ;
HEATING: indirect by A.C. or D.C.
Heater voltage Vg S o T
Heater current I = 600 mA
Waiting time Ty = 20 sl
CAPACITANCES
Grid No.!1 to all other elements Cgl = 2.4 pF
Anode to all other elements Ca = 1.6 pF
Anode to grid No.1 Cagl 26 mpF
MECHANICAL DATA
Dimensions in mm max19
Base: 7 pin miniature O Y
Net weight: 10 g 9 ©|
SE:
a(® 3 x
ISR
g
7202866
Mounting position: any
1) 1f urgently wanted T,, may be decreased to min. 10 s.
March 1969 i
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PL2D21

T |

TYPICAL CHARACTERISTICS

Ionization time
at V== = 100 V, grid No.1 over-
voltage = 50 V (substantial square pulse)
Anode peak current during conduction = 0.5 A

Deionization time
at V== =125V, Vg, = -100 Vv,
Rgl = 1000, I3 = 0.1A
Deionization time
at Va5 = 125V, Vgl = =10V,
Rgy = 1000 2, I; = 0.1 A

Critical grid No.1 current
atVa. =125VRMg» la = 0.1 A

Maintaining voltage

Control ratio grid No.1 at striking point
Rgl =08, Vg, = ov

Control ratio grid No.2 at striking point
Vgl = 0V; Rgl =0Q, Rg2 =0

OPERATING CONDITIONSfor relay service

Anode voltage Vax
Grid No. 2 voltage Vg

Grid No. 1 (bias) voltage Vg1~ =
Grid No.1 (bias) voltage Vg
Grid No. 1 peak (signal) voltage Vg 1p
Anode circuit resistance Ry
Grid No. 1 circuit resistance Rgl

l) Phase difference between V, and Vgl approx. 180°.

Tion

Taion

Tdion

0.5 wus

35 us

0.5 uA

250

1000

VRMS

Vems D

k2
MR
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PL2D21

‘
3

»

LIMITING VALUES for relay- and grid controlled service

(Absolute max. rating system)

Anode voltage,
forward peak Va.
inverse peak Vainvp

Grid No. 2 voltage,

peak before conduction —ngp
average during conduction
Tyay = max. 30 s Vg,
Grid. No.1 voltage,
peak before conduction —Vglp
average during conduction
Tay = max. 30 s -Vgl
Cathode current,
peak Ikp
average, T,y = max. 30 s Ix
surge, T =max. 0.1 s Lsurge
Grid No.2 current
average, T,, = max. 30 s Igz
Grid No.1 current,
average, T,y = max. 30 s Igl
Cathode to heater voltage,
k pos., peak Vikf-
k neg., peak V —ki+
Heater voltage Vs
Ambient temperature tamb
CIRCUIT DESIGN VALUES
Grid No.1 circuit resistance Rgl
recommended value Rgl

1) In order not to exceed this maximum value it is recommended to insert a re-

sistor of 1000 €2 in the grid No.2 lead.

= max.

"

max.

max.

max.

max.

max.

max.
max.

max.

max.

max.
max.

max.
min.

max.
min.

max.

650
1300

100

10

100

10

0.5
0.1
10

10

10

100

10
|

MQ
MQ

i

March 1969



PL2D21

7201371/16.12.b 4.b.a 600

[, I ) Y D
Vg =57-6.9V
1/ V
| 92 |=10|V | e
| T T ((VRMS)
| Initial and during life
1 [[ITTEL
| Rg,=10M{. 500
| Rg1501M0.
| {
{ T
L} T
\ - : M 400
maEE I
i i |
: N | |
: T +1
) i T T | T
1 -
] T 111300
1 I 10§
{ : O
{ : EEEl .
) \)
s ‘ I ]
| I I
‘. I ! —200
3 TTINEN ! T
\ T ]
: ‘l T LT
| T T I u
' \ TN
l T ‘ 100
\ Wi
| N
|
|
‘ 0
-6 Vg, (V) -6 -4 -2 0
Rl
1
4 March 1969




0 S- 01— Si— (A% oz- B z- ¥- 9- (A% g-
%00
9 I
H A009} Fivwooz
== ~
200
A007
FEE »
A00¢ - ywost
T2 u =
0 ASZT="A
- ywool
7=
]
B 7
7 e Ywos|
4y 7 I
1] ywsz="T
oH
Y00
(vr) I ) z
161 20=26 20= 262
U0/39NPU0D IPOUD SJ0JS, (yw) uoy3anpuod spoun bBuring
900
NmH
049 GZI91-0L820ZL 4 0q%9°ZI'9/-99920ZL

March 1969




PL2D21

7202669-16.12.b4ba

1

|/
S
=
Vg
LY
A
V =3V A
o
=
_
S
=)
TS S
By R
Hs L
X wn
=2V, -
2
-
i /
zd /
1.5V = o
et “
At
-1V -—— —— ]
I °< — -
- N_<‘ -
ot “ E_J
[ =
A
N oS o (e}
o S o
S S b

March 1969




PL3C23A

TRIODE THYRATRONS

Mercury vapour and inert gas filled triode thyratron with negative control char-

acteristic
QUICK REFERENCE DATA
Peak forward anode voltage Vap = max. 1500 V
Peak inverse anode voltage Vainvp max. 1500 V
Average cathode current Ix = ‘max.. L6 A
Peak cathode current Ikp = max. 6% Sk
Average grid current Ig = max: 10 anh
Peak grid current Igp = max.- 50" N
HEATING: direct
Filament voltage Vg = 2D N
Filament current I¢ = Tt
Waiting time T = mife . 15 =8) 1)
CAPACITANCE
Capacitance between anode and grid Cag = 2.7 5ple
TYPICAL CHARACTERISTICS
Arc voltage Varc = 10 V
Ionisation time Tion 10 pus
Deionisation time Tdion 1000 us

1) Recommended waiting time 30 sec.

2) Page 2. The ambient temperature is defined as the temperature of the sur-
rounding air and shall be measured under the following conditions:

. normal atmospheric pressure,

Q0o

. the tube shall be adjusted to the worst probable operating conditions,
. the temperature shall be measured when thermal equilibrium is reached,
. the distance of the thermometer shall be 52 mm from the outside of the

envelope (measured in a plane perpendicular to the main axis of the tube
at the height of the condensed mercury boundary),
e. the thermometer shall be shielded to avoid direct heat radiation.
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PL3C23A

]

MECHANICAL DATA Dimensions in mm
Base : Medium 4p with bayonet m&x 452

Socket : 2422 511 90003 S =T

Cap : 40619

Net weight: 90 g

127—139
max 165

PL3C23A U U__JL

Mounting position: Vertical with base down

LIMITING VALUES (Absolute limits)

Peak forward anode voltage Vap = max. 1500 V
Peak inverse anode voltage Va invp = max. 1500 V
Negative grid voltage before conduction -Vg = max. 500 V
Negative grid voltage during conduction —Vg = ipax. 100 ¥V
Average grid current, anode positive Ig = max. 10 mA
(Averaging time Tay = 5° i8)
Peak grid current Igp = max. 50 mA
Grid circuit resistance Rg = 5to 100 k2 l)
Average cathode current Ik = max. 1.6 A
(Averaging time Tay = 5 s)
Peak cathode current Ikp = max. 6.4 A
Surge cathode current Isurge = max. 120 A
(Duration T = max. 0.1 s)
Ambient temperature tamb = -40to+50 ©C2)3)
Condensed mercury temperature tHg = -40to+80 °C

1) Recommended value 50 k2
2) See page 1
3) Recommended temperature approximately 25 °C
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MAINTENANCE TYPE

PL10

THYRATRON

Gas filled triode with insulated grid intended for use in pulse and relay cir-

cuits.
QUICK REFERENCE DATA
Anode voltage, peak forward Vap max. 400 V
peak inverse Vay nvp max, 400 V
Anode current, average (Tyy max. 10 s) Iy max. 100 mA
peak Iap max. 4 A

HEATING: direct
Filament voltage
Filament current

Waiting time

MECHANICAL DATA

Base: Mignon

Ve 1.85 ¥
It 3.4 A

Dimensions in mm

a
9
FF
Accessories
Socket type No. 88168/01
Top cap connector S80 37 00
March 1969 H 1



PL10

TYPICAL CHARACTERISTICS
Arc voltage at I 0.1 Ato 0.4 A Varc 20to 35 V

LIMITING VALUES (Absolute max. rating system)

Frequency f max. 100 Hz
Anode voltage, peak forward Vap max. 400 V
peak inverse Vainvp max. 400 V

Anode current, average (Tay = 10 s) Iy max. 100 mA
peak Iap max. 4 A
Grid voltage, peak Vgp max. 1800 V
—Vgp max. 1800 V

Grid resistor Rg max. 10 MQ

Ambient temperature ' tamb 2:; ;;g zg

REMARK

Thanks to the special grid construction which prevents striking at normal anode
voltage during short circuit between anode and grid, a high safety is obtained.

400 T Repao?
5 i 5 O 1 ) 6 A 0 A O O 0
2 0 9 5 71 581 5 L A O ) 1 A T O ) S R i
5 5 1) 5 ) 5 ) e O 1 Y O 1 ) 0 0 0 104 1 G Y
Vo Ignition characteristic, measured with grid pulses with a rising rate of min. 20V/usec
V) HHHHH
Re=02M0)
300 g=.
\
200
o
100
0
=1500 -1000 -500 0 500 1000 Vg, (V) 1500
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MAINTENANCE TYPE PL105

THYRATRON

Mercury vapour filled tetrode thyratron intended for the following applications:

D.C. : for use as rectifier with variable or stabilized output voltage and for
electronic D.C. motor speed control.

A.C. : for use as electronic switch and control of ignition circuits; control of
electric furnaces, incandescent lamps and discharge lamps; for re-
sistance welding up to 27 kVA.

QUICK REFERENCE DATA s
Anode voltage, peak forward Vap max. 2500 V =—=_:‘
peak inverse Vinvp max. 2500 V ]
Anode current, average (Tyy = max. 15 s) Iy max. 6.4 A
peak (f = 25 Hz) Iap max. 40 A
HEATING: indirect
Heater voltage Ve 5.0 V5%
Heater current Ig 207N
Waiting time Ty min. 5 min.

See curves on page 7. During long periods of interrupted service (e.g. during
night hours) it is recommended to reduce Vg to 60% to 80% of its nominal value
instead of switching off the heater voltage. In this way the value of Ty, can be
decreased according to the dotted curve.
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PL105

MECHANICAL DATA Dimensions in mm

Base: Super Jumbo with bayonet
max 123
<« Mmax97

max 270
max 288

65

f,k 7206914

7206913
Pins 2 and 3 heater, pin 4 cathode return

Mounting position: vertical, base down

Net weight: 510 g

ACCESSORIES
Socket type No. 40403/00
Cap connector 40620

CAPACITANCES
Anode to grid No.1 Cagl 1.8 pF
Grid No. 1 to cathode Cglk 5.0 pF

TYPICAL CHARACTERISTICS

Arc voltage Varc 12 -V
Ionization time Lion 10 wus
Recovery time (Reionization time) Tdion 1000 us

Frequency f max. 150 Hz

2 MAINTENANCE TYPE March 1969




PL10S

Intermittent service

LIMITING VALUES (Absolute max. rating system)

Anode voltage, peak forward Vap max. 750 V
peak inverse Vinvp max. 750 V
Grid No. 2 voltage -Vg, max. 500 V
tube conducting —Vg2 max. 10 vV
Grid No. 1 voltage —Vgl max. 1000 V
tube conducting —Vgl max. 10 Vv
Anode current, peak (f < 25 Hz) Iap max. - 50 A
(f > 25 Hz) I.(,_p max. 727 A
average (T,y = max. 5 s) I max. 2. 5:0n
Surge current (T = max. 0.1 s) Isurge max. 400 A
Grid No. 2 current, peak IgZp max. = 2.0 7A
average (Tay = max. 5 s) Igz max. 0.5 A
Grid No.1l current, peak Iglp max. 1.0 A
average (Tay = max. 5 s) Igl max. 0.25 A
Grid No. 2 resistor Rgz max. 10 k@
recommended value Rg2 10 k@
Grid No. 1 resistor Rgl max. 100 k@
recommended value Rg 1 10 k2
Mercury temperature tHg 40 to 80 °C
recommended value tHg 6098

March 1969 3




PL105

Continuous service

LIMITING VALUES (Absolute max. rating system)

Anode voltage, peak forward Vap max. 2500 V
peak inverse Vinvp max. 2500 V
Grid No. 2 voltage -Vg2 max. 9500 V
tube conducting —ng max. 10 Vv
Grid No. 1 voltage —Vgl max. 1000 V
tube conducting —Vgl max. 10 V
Anode current, peak (f < 25 Hz) Iap max. 12,8 A
(f = 25 Hz) Iap max. 40 A
= average (T, = max. 15 s) I max. 6.4 A
E Surge current (T = max. 0.1 s) Isurge max. 400 A
e Grid No. 2 current, peak Igzp max, 2.0- A
average (Tay = max. 15 s) Ig2 max. 0.5 A
Grid No.1 current, peak Iglp max.  1.0- A
average (Tay = max. 15 s) Igl max. 0.25 A
Grid No. 2 resistor Rg2 max. 10 k2
recommended value Rg2 10 k2
Grid No.1 resistor Rgl max. 100 k2
recommended value Rg1 10 k@2
Mercury temperature tHg 40 to 80 °C
recommended value tHg 60 ©C

4 MAINTENANCE TYPE March 1969
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PL106

THYRATRON

Mercvury vapour and incrt gas-filled triode thyratron intended for use in motor
control, A.C. control and other industrial applications.

QUICK REFERENCE DATA

Anode voltage, peak forward Vap max. 2000 V

peak inverse Vian max. 2000 V

Cathode current, average (Tyy = max. 15 s) Ix max. 6.4 A

peak Ikp max. 80 A

HEATING: direct

Filament voltage Vg 2,855V
Filament current ff——T—K
Waiting time Tw min. 30 s
recommended value Tw 60 s

MECHANICAL DATA Dimensions in mm

Base: Super Jumbo with bayonet Pm—fzzgi»
LU

THERN)

58

x| N

g3

£

P
/
ol o I A

7206910

1) Cross section of flexible anode lead at least 10 mm2.
2y fc should preferably be used as cathode return connection.
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PL106

Mounting position: vertical, base down

Net weight: 480 g

Accessories

Cap connector type 40620

CAPACITANCES
Anode to grid Cag
Grid to filament Cgt

TYPICAL CHARACTERISTICS

Arc voltage Varc
Ionization time Tion
Recovery time (Deionization time) Tdion

LIMITING VALUES (Absolute max. rating system)

Anode voltage, peak forward Vap
peak inverse Vinvy,
Grid voltage -Vg
tube conducting -Vg
Cathode current, peak Ikp
average (Tyy = max. 15 s) I
Surge current (T = max= 0.1 s) Isurge
Grid current Ig
Grid resistor Rg
recommended value Rg
Mercury temperature tHg
Ambient temperature tamb
Anode fuse

recommended value

9

19

12

10

500

max. 2000
max. 2000
max. 500
max. 10
max. 80
max. 6.4
max. 800
max. 0.25
max. 100
30

25 to 80
min. =40
max. +50

pF
pF

us

us

& g B B d.gig

~ K
QD

¢

max. 20 A
15 A

March 1969
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OBSOLESCENT TYPE PL150

THYRATRON

Mercury vapour and inert gas-filled triode thyratron intended foruse in cinema
rectifiers, battery chargers, rectifiers for feeding bookkeeping machines etc.

QUICK REFERENCE DATA
Intermittent service
Anode voltage, peak forward Vap max. 120 V
peak inverse VinvP max. 250 V —
Anode current, average (Tay = max. 15 s) Ia max. 17 A S——
s
peak lag max. 65 A _j‘
HEATING: direct
Filament voltage Vg 1.9 V.4 5%
Filament current I¢ 26 A {
Waiting time Ty min. 1 min.

MECHANICAL. DATA Dimensions in mm

max92

a
M8

148
125 )

285+8

7206917

March 1969 : H 1






PL255

THYRATRON

Mercury-vapour triode thyratron intended for use in motor control equipment
and resistance welding equipment.

QUICK REFERENCE DATA
Anode voltage, peak forward Vap max. 1500 V
peak inverse Vinvp max. 2500 V
Cathode current, average (Tyy = max. 10 s) Ik max.. . 10/ A
peak Ikp max. 100 A
HEATING: indirect
Heater voltage Vi 5.0, V¥
If 11 A
Heater current I ——
Waiting time (See also page 4) Ty min. 10 min

If during long periods of service interruption (e.g. during night hours)the heat-
er voltage is maintained at 5V, the waiting time can be omitted.

MECHANICAL DATA Dimensions in mm
« max102 |
a
“M8
(\3;
145 s
x
125 = g
a g
T f.k
| ¢ | ¥"1)
g S :
7206936 1 o
M4
fk f - ’

l) Marked red.
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PL255

MECHANICAL DATA (continued)

Mounting position: vertical, base down

Net weight: 820 g
MERCURY TEMPERATURE

V¢ = 5.0 V the temperature rise above ambient is approximately 10 0.

CAPACITANCES
Grid to all except anode Cg(a ) 30 pF
Anode to grid Cag 8 pF
TYPICAL CHARACTERISTICS
Arc voltage Varc 10 V
Ionization time Tion 10 us
_=_ Recovery time (Deionization time) Tdion 1000 wus
—=--- Continuous service (motor control)
! LIMITING VALUES (Absolute max. rating system)
Frequency £ max. 150 ‘Hz
Anode voltage, peak forward Vap max. 1500 V
peak inverse vap max. 2500 V
Grid voltage, before conduction --Vg max. 300 V
during conduction -Vg max. 10 V
Surge current (T = max. 0.1 s) Isurge max. 1500 A
Grid current,(V4 pos.) Ig max. 0.25 A
max. 1 A
peak IgP min. 0.5 A
Grid resistor Rg max. 50 k2
recommended value Rg 10 k@
Cathode current, peak Ikp max. 80 100 160 1) A
RMS Ik max. 30 30 501) A
average Ik maxs., 12.5  10; 20 1) A
Averaging time Tavy max. 15 15 2y s
Mercury temperature tHg et 0+ 28 143 gc
min. 35 40 40 C
recommended value tHg 60 60 60 ¢
l) Overload during max. 5 s in each 5 minutes operation period.
2) Max. 1 cycle.
2 March 1969




PL255

A.C. control and welding control

Two tubes in inverse parallel

LIMITING VALUES (Absolute max. rating system)

Frequency
Anode voltage, peak forward
peak inverse

Grid voltage, before conduction
during conduction

Surge current (T = max. 0.1 s)

Grid current (anode positive)

Grid resistor

recommended value
Mercury temperature

recommended value
Duty factor
Cathode current, peak
RMS
average

Averaging time

max. 150
max. 750
max. 750
max. 300
max. 10
max. 1500
max. 0:25
max. 50
10

max. 80
min. 40
max. 60
0.1 "0:5 1

max. 156 78 39
max. 110 95275
max., |5 1S H1258
max. -5 5 15

March 1969
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PL260

THYRATRON

Mercury-vapour triode thyratron intended for use in motor control equipment,

relay service and other industrial applications.

QUICK REFERENCE DATA

Continuous service
Anode voltage, peak forward Vap max. 2000 V
peak inverse Vian max. 2500 V
Cathode current, average (Tyy = max. 15 s) Ix max. 60 A
peak Ikp max. 200 A

HEATING: indirect

Heater voltage Vi oAy
Ig 19 A
Heater current i il D 0

Waiting time (See also page 6)

Ty min. 10 min

During long periods of interrupted service (e.g. during night hours) it is re-
commended to reduce V¢ to 60-80% of the nominal value instead of switching off
the heater. In this way the value of Ty, can be decreased according to the dotted

curve.

MECHANICAL DATA

Dimensions in mm

maxi127

a
M8

£k f

7206938 M4

T) Marked black
2) Marked red

39510
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PL260

MECHANICAL DATA (continued)

Mounting position: vertical, base down

Net weight: 1600 g

MERCURY TEMPERATURE

At V¢ = 5.0 V the temperature rise above ambient of the mercury is approxi-
mately 10 °C.
CAPACITANCES
Grid to all except anode Cg(a ) 60 pF
Anode to grid Cag 15 pF
TYPICAL CHARACTERISTICS
Arc voltage Varc 10 V
Ionization time Tion 10 us
Recovery time (Deionization time) Tdion 1000 wus
Continuous service
LIMITING VALUES (Absolute max. rating system)
Frequency f max. 150 Hz
Anode voltage, peak forward Vap max. 2000 V
peak inverse Vinvp max. 2500 V
Grid voltage, before conduction —Vg max. 300 V
during conduction -Vg max. 10 Vv
Surge current (T = max. 0.1 s) Isurge max. 2500 A
Grid current, (V, pos.) Ig max. 0.25 A 1)
min. 3 mA
peaK Igp max. 1 A
Grid resistor Rg max. 20 k@2
recommended value Rg 10 k2

l) See page 4.
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PL260

Continuous service (continued)

LIMITING VALUES (Absolute max. rating system)

Anode fuse max. 80 A
recommended value 60 A
Cathode current, peak I, max. 160 200 300 Ay ok
RMS I, max. 60 60 100 2) A
average Ik max. 25 20 40 2) A
Averaging time Tay max. 15 15 2) s
Mercury temperature tHg o 7? " > 3) zc
min. 35 35 40 <) “C
recommended value tHg 60 60 60 oc

A.C. control and welding control

Two tubes in inverse parallel

LIMITING VALUES (Absolute max. rating system)

Frequency f max. 150 Hz
Anode voltage, peak forward Vap max. 750 V
peak inverse Vinvp max. 700" Y
Grid voltage, before conduction —Vg max. 300 V
during conduction —Vg max. 10 V
Surge current, (T = max. 0.1 s) Isurge max. 2500 A
Grid current (V, pos.) Ig max. 0.25 Al
Grid resistor Rg max. 20 k@
recommended value Rg 10 kR
Mercury temperature tHg zfj 28 Zg
recommended value tHg 60" °C
Duty factor 6 0:1. 0.5 1
Cathode current, peak Ikp max. 285 150 78
average I max. 9 2025
Averaging time Lo max. 5 3.+: 158
Output current, RMS Ip max. 200 110 55 A

l) See page 4.

March 1969
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| PL260

NOTES

1. In order to facilitate the ignition of the tube a positive grid current of at
least 3 mA is necessary. The use of a fixed negative grid bias (30 V to 50 V
for D.C. output voltages of 220 V to 600 V)and a sharp grid pulse (100 V to
130 V) is recommended (Rg = 10 k2, impedance of pulse transformer max.
10 k2). If a sinusoidal grid voltage is used for control, this voltage should
be at least 60 VRMS. The bias source impedance should be low compaired
with the total grid series impedance.

2. Overload during max. 5 s in each 5 minutes operating period. T,y = max.
Picycles

- e

4 March 1969
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MAINTENANCE TYPE

PL1607

THYRATRON

Xenon-filled tetrode intended for use in electronic timers, in grid-controlled

rectifiers with variable or constant output voltage.

QUICK REFERENCE DATA
Anode voltage, peak forward Vap max. 650 V
peak inverse vap max. 650 V
Anode current, average (Tay = max. 5 s) Iy max, , 0.5 A
peak (f = 25 Hz) Iap max. 2 A
HEATING: direct
Filament voltage Vg 2.0 V+5%
Filament current I 2:.0: K

Waiting time

MECHANICAL DATA
Base: O

Tw min. 30 s

Dimensions in mm

max48

max 124
max 142

Pin 3 cathode return

Mounting position: any

Accessories
Socket type 2422 512 02001
Net weight 75 g

s

7206921
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PL1607

CAPACITANCES
Anode to grid No.1 Cagl 0.55 pF
Anode to grid No. 2 Cagz 12 pF
TYPICAL CHARACTERISTICS
Arc voltage Varc 15 Vv
Recovery time (Deionization time) Tdion 500 us
LIMITING VALUES (Absolute max. rating system)
Anode voltage, peak forward Vap max. 650 V
peak inverse vap max. 650 V
— Grid No. 2 voltage, before conduction ~Vgq max. 100 V
f—— during conduction —ng max. 10 Vv
Grid No. 1 voltage, before conduction 'Vgl max. 100 V
during conduction —'\/gl max. 10 Vv
Anode current, peak (f < 25 Hz) Iap max. 1 A
peak (f > 25 Hz) Iap max. 2 A
average (Tyy = max. 15 s) Iy max. 0.5 A
Grid No.2 current, peak Igzp max. 0.25 A
average (T, = max. 15 s) Ig2 max. 0.05 A
Grid No.1 current, peak Iglp max. 0.25 A
average (Tgy = max. 15 s) Igl max. 0.05 A
; . max. 1 MQ
Grid No. 2 resistor Rg2 min. 0.1 MO
; . max. 5 MR
Grid No.1 resistor Rgl min. 0.1 MSQ
; max. 490 ©°C
Ambient temperature tamb i -75 0C
2 MAINTENANCE TYPE March 1969
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PL5544

THYRATRON

Xenon-filled triode thyratron intended for use in motor control equipment and
similar applications.

QUICK REFERENCE DATA
Anode voltage, peak forward Vap max. 1500 V
peak inverse Vian max. 1500 V
Cathode current, average (Tay = max. 15 s) Ix max. 3.2 A
peak Ikp max. 40 A
HEATING: direct
Filament voltage Ve 2.5V 5%
Filament current If 12 A
Waiting time Tw min. 60 s
MECHANICAL DATA Dimensions in mm
Base: Super Jumbo with bayonet mqm":7
]

max173
max130

U

7206895 7206894

Mounting position: Arbitrary between horizontal and vertical with base down

Accessories

Socket 2422 511 01001
Cap connector 40619

Net weight 300 g

March 1969 y
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111

CAPACITANCES
Anode to grid Cag 0.8 pF
Grid to filament Cgf 45 pF

TYPICAL CHARACTERISTICS

Arc voltage Varc 12 v
Ionization time Tion 10 us
Recovery time (Deionization time), (Vg = =250 V) Tdion 40 us

(Vg = =12V) Tdion 400 us

LIMITING VALUES (Absolutc max. rating system)

Anode voltage, peak forward Vap max. 1500 V
peak inverse vap max. 1500 V
Grid voltage, before conduction -Vg max. 250 V
during conduction Vg max, - 10>V
Surge current (T = max. 0.1 s) Isurge max. 560 A
Grid current (T, = max. 1 cycle) Ig max. 0.2 A
Cathode current, peak Ikp max. 40 A
average (Tay = max. 15 s) Ik max. 3.2 A
Grid resistor Rg Ei)l{ (lJO(; ll:g
recommended value Rg 10 k@
Ambient temperature tamb i N gc
min. -55 “C

2 March 1969
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PL5545

THYRATRON

Xenon-filled triode thyratron intended for use
similar applications.

in motor control equipment and

QUICK REFERENCE DATA
Anode voltage, peak forward Vap max. 1500 V
peak inverse vap max. 1500 V
Cathode current, average (Tay = max. 15 s) Ix max. 6.4 A
peak Ikp max. 80 A
HEATING: direct
Filament voltage V¢ 2.5 V£ 5%

Filament current
Waiting time
MECHANICAL DATA
Base: Super Jumbo with bayonet

I 21 A

Ty min.~768= %4

Dimensions in mm

max211

max 229

h

7206895

i

7206897

Mounting position: Arbitrary between horizontal and vertical with base down

Accessories
Socket 2422 511 01001
Cap connector 40619
March 1969 1



PL5545

MECHANICAL DATA (continued)
Net weight 340 g

CAPACITANCES
Anode to grid Cag 0.8 pE
Grid to filament Cgf 45 pF
TYPICAL CHARACTERISTICS
Arc voltage Vare 12-. ¥
Ionization time Tion 10 us
Recovery time (Deionization time) (Vg = =250V) Tdion 50 wus
= (Vg = =12V) Tdion 500 wus
=
p—t LIMITING VALUES (Absolute max. rating system)
| Anode voltage, peak forward Vap max. 1500 V
peak inverse Vinvp max. 1500 V
Grid voltage, before conduction —Vg max. 250 V
during conduction —Vg max. 10 V
Surge current (T = max. 0.1 s) Isurge max. 1120 A
Grid current (Tgy = max. 1 cycle) Ig max. 0.2 A
Cathode current, peak Ikp max. 80 A
average (Tay = max. 15 s) Ik max. 6.4 A
Grid resistor Rg 2?:: (1)02 Eg
recommended value Rg 10 k2
Ambient temperature tamb $i’: f;g gg
2 March 1969
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PL5557

THYRATRON

Thyratron, mercury-vapour triode, for relay service, alarm and protection
installations, D.C. and A.C. motor control, circuits for obtaining a variable
A.C. output current (inverse parallel circuit), rectifier in a half-wave or full-

wave circuit (with or without grid control).

QUICK REFERENCE DATA
Anode voltage, peak forward Vap max. 2500 V
peak inverse Va invp ~max. 5000 V
Anode current, peak Iap max. 255A
average Iy max,; 0.5 ‘A
HEATING: direct
Filament voltage vVt o ar
Filament current If 5,0 =
Waiting time, recommended Tw 10 s
minimum Tw min. 5 s 1)
MECHANICAL DATA bimensions in mm
Base: Medium 4p with bayonet
Socket: 2422 511 90003 F’mﬁ”
Net weight: 100 g SIL ?
Mounting position: vertical, base down
B
N
|
\

@

7207499

l) See curve page 4.

[
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1

CAPACITANCES
Anode to grid cag 3.3 pF
Grid to filament Cgf 5.0 pF

TYPICAL CHARACTERISTICS

Arc voltage Varc 12V

Ionization time Tion 10 us
Deionization time Tdion 1000 wus
Frequency f max. 150 Hz

LIMITING VALUES (Absolute max. rating system)

Anode voltage, forward peak Vap max. 2500 V

inverse peak Va invp ~ Mmax. 5000 Vv

Grid voltage Vg max. 500 V

tube conductive —Vg max. 10 V

Anode current, peak (f < 25 Hz) Iap max. 1 A

(f=25Hdz) Iap max. 2 A

average (Tay = max. 15 s) Ia max. 0.5 A

Grid current, average (Tay = max. 15 s) Ig max. 0.05 A
Grid circuit resistance Rg max. 100 k2
recommended value Rg 10 k2
Mercury temperature tHg 35t0 80 ©C
recommended value tHg 50—°¢

Surge current (T = max. 0.1 s) Isurge max. 40 A

2 February 1968
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PL5559

THYRATRON

Thyratron, mercury-vapour triode, for relay service, motor control, variable
and stabilised output rectifiers, automatically operated battéry.chargers. In
anti-parallel circuits the tube can also be used for controlling and switching

A.C. power and for firing ignitrons.

QUICK REFERENCE DATA

Anode voltage, peak forward Vap max. 1000 V
peak inverse Va invp max. 1000 V

Cathode current, peak Ikp max. 15 A
average I max. 2.5 A

HEATING: indirect
Heater voltage 5.0 V5 %
4.5 A

Vi
Heater current If
Tw

Waiting time

MECHANICAL DATA

min. 5 min. 1)

‘Dimensions in mm

Base : Medium 4 p with bayonet
Socket : 2422 511 90003
Net weight: 125 g max 76
1.l
Mounting position: Vertical, base down r 5y
I
IS
23
g
e W)
ST |

l) See curve page 3.
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I

CAPACITANCES
Anode to grid
Grid to cathode

TYPICAL CHARACTERISTICS
Arc voltage

Ionisation time
Deionisation time

Frequency

Varc
Tion

Tdion

LIMITING VALUES (Absolute max. rating system)

Anode voltage, forward peak
inverse peak
Grid voltage,
tube conductive

Cathode current, peak (f < 25 Hz)

(f > 25 Hz)

average (Tay = max. 15 s)

Grid current, average (T,y = max. 15 s)
Grid circuit resistance

recommended value
Mercury temperature

recommended value

Surge current (T = max. 0.1 s)

Ly In firing circuits of ignitrons.

ap

tHg
tHg

Isurge

36

7.8

12

10

1000
max. 150
max. 1000
max. 1000
max. 500
max. 10
max. 5
max. 15
max. 40
max. 2.5
max. 1
max. 0.25
max. 100
10

40 to 80
60

max. 200

pF
pF

us
us

- - -
—

,r
Dar &

o =
aQ 9

%
A
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PL5632/C3J

THYRATRON

Thyratron, xenon-filled triode with negative control characteristic, for relay
service, motor control, ignitor firing service.

QUICK REFERENCE DATA
Anode voltage, peak forward Vap max. 900 V
peak inverse Va invp mMmax. 1250 VvV
Cathode current, peak Ikp max. 30 A ‘
average Ik max. 2.5 A E;
HEATING: direct o
Filament voltage Vg 2.5 "V
Filament current ﬁ _
Waiting time, recommended Tw 60 s ]
minimum Ty min. 30 s :
MECHANICAL DATA Dimensions in mm

Base: Medium 4 p with bayonet
Socket: 2422 511 90003
Cap connector: 40619

max 40
Net weight: 95 g I
Mounting position: any /;\
0
R
g3
£
p
T

7207491

1) Load return

March 1969 1



PL5632/C3)

CAPACITANCES
Anode to grid Cag 3 pF
Grid to filament Cgf 14 pF

TYPICAL CHARACTERISTICS

Arc voltage Varc 10 Vv
Ionization time Tion 10 us
Deionization time Tdion 1000 wus

LIMITING VALUES (Absolute max. rating system)

Anode voltage, forward peak Vap max. 900 V
inverse peak Va invp max. 1250 Vv
Grid voltage -Vg max. 300 V
tube conductive —Vg max. 10 V
Cathode current, peak Ikp max. 30 A
average (Tyy = max. 5 s) I max. 2,5 A
Grid current, peak Igp max. 0.5 A
average (Tay = 1 cycle) Iy max. 0.1 A
Grid circuit resistance Rg 10 to 100 k2
recommended value Rg 33 k@
Ambient temperature tamb -55to +75 ©°C
Surge current (T = max. 0.1 s) Isurge max. 300 A Ly
Commutation factor 0.7 LVEX fg

l) Fuse in anode circuit max. 10 A (recommended 6 A).

2 March 1969
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PL5684/C3JA

THYRATRON

Thyratron, xenon-filled triode with negative control characteristic, for relay
service, motor control, ignitor firing service.

QUICK REFERENCE DATA
Anode voltage, peak forward Vap max. 1000 V
peak inverse Va inv, max. 1250 Vv
Cathode current, peak Ikp max. 30 A
average Ik max., 2.5 A
HEATING: direct
Filament voltage Vg 29 -V
Filament current If 9
Waiting time, recommended Tw 60 s
minimum Ty min. 30 s
MECHANICAL DATA Dimensions in mm

Base: Medium 4 p with bayonet
Socket: 2422 511 90003

Cap connector: 40619 max 40
Net weight: 95 g

Mounting position: any

max 135
max 150

00«

7207491

1 ) Load return
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PL5684/C3JA

CAPACITANCES
Anode to grid Cag 3 pF
Grid to filament Cgt 14 pF
TYPICAL CHARACTERISTICS
Arc voltage Varc 10 Vv
Ionization time Tion 10 us
Deionization time Tdion 1000 us
LIMITING VALUES (Absolute max. rating system)
Anode voltage, forward peak Vap max. 1000 V
E inverse peak vap max. 1250 V
E Grid voltage -Vg max. 300 V
e up to V5 = 900 V and Rg = 50 to 100 k2 —Vg max. 400 V
tube conductive -Vg max. 10 V
Cathode current, peak . Ikp max. 30 A
average (Tay = max. 5s) Ix max. 2.5 A
Grid current, peak Igp max. 0.5 A
average (Tay = 1 cycle) Ig max. 0.1 A
Grid circuit resistance Rg 10 to 60 k2
recommended value Rg 33 k2
Ambient temperature taimnb -55t0 +75 °C
Surge current (T = max. 0.1 s) Isurge ~max. 300 A )
Commutation factor 0; 7%,5 x%
l) Fuse in anode circuit max. 10 A (recommended 6 A).
2 March 1969
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PL5727

THYRATRON

Thyratron, inert gas-filled tetrode, for relay service, pulse modulator, grid-
controlled rectifier service, servo control, ignitron ignition.
The PL5727 is a special quality type, is shock and vibration resistant and de-
signed for use in mobile equipment.

QUICK REFERENCE DATA
Peak anode voltage Vap = 650 V
Cathode current, peak Ikp = 0.5 A
average Ix = 0.1 A 3
!
R
HEATING E
Indirect by A.C. or D.C. m——
Heater voltage V¢ = 6.3 V
Heater current If = 600 mA
Waiting time Tw = 20 s l)
CAPACITANCES
Grid No.1 to all Cgl = 2.4 pF
Anode to all C, = 1.6 pF
Anode to grid No.l Cagl 26 mpF
MECHANICAL DATA
max 19
Dimensions in mm .
Base : 7 pin miniature ( \
©
Net weight: 10 g L\\;ﬁ
ol X
5]
B E
f 7202062 7202861
Mounting position: any
1) If urgently wanted Ty, may be decreased to min. 10 s.
March 1969 1
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TYPICAL CHARACTERISTICS

Ionization time
at V,= = 100 V, grid No.l over-
voltage = 50 V (substantial square pulse)
Anode peak current during conduction

=0.5 A Tion = 0.5 wus
Deionization time
at Va= =125V, Vg = -100 V,
Rgl =1000 2, I=0.1 A Tdion = 35 wus
Deionization time
at V= =125V, Vgl =-10V,
Rgl =1000 2, I;=0.1 A Tdion = 75 wus
P — Critical grid No.l current
—_— at Vg =125 VRMs, I3 =0.1 A Igl = 0.5 uA
—
Maintaining voltage Vare = 8 V
‘ Control ratio grid No.l at striking point Va N 250
Rgl=09, Vg2=OV Vg1
Co\rlltroi roa'i;o irld _N(c)) é a;strik(l)ng2 point xa = 1000
g1~ * B8y T v g g9
OPERATING CONDITIONS for relay service
Anode voltage Va. = 417 400 VRMS
Grid No.2 voltage ng = 0 0 Vv
: Grid No.1 (bias) voltage Vg, = 5 - VrRms 1)
]
Grid No.1 (bias) voltage Vgl = - -6 V
Grid No.1 peak (signal) voltage Vglp = 5 6 V
Anode circuit resistance Ry = 1.2 2.0 k2
Grid No.l circuit resistance Rgl = 1.0 1.0 MQ
1y Phase difference between V5 and Vgl approx. 180°.
s
\\ 2 March 1969
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LIMITING VALUES for relay- and grid controlled service
(Absolute max. rating system)

Anode voltage,

forward peak Vap = max. 650 V
inverse peak Va invp = max. 1300 V
Grid No.2 voltage,
peak before conduction -ngp = max. 100 V
average during conduction
Tay = max. 30 s —ng = max. '10-YV
Grid No.1 voltage, ‘
peak before conduction -Vg ip = max. 100 V ;
average during conduction _’
Tay = max. 30 s —Vgl = max. 10 V ==
Cathode current, ==
peak = Ikp- = max. 0.5 A ‘
average, Tgy = max. 30 s I = max. 0.1
surge, T = max. 0.1 s Isurge = max. 10 A ‘

Grid No.2 current,

average, Tay = max. 30 s Ig2 = max. 10 mAl)
Grid No.l current,

average, T,y = max. 30 s Ig1 = max. 10 mA

Cathode to heater voltage,

k pos., peak V+kf_p = max. 100 V
k neg., peak V_kf..]_p = max. 25 V :
= max. 6.9 V
Heat 1t 4
eater voltage Vs s min, 5.9 V
Ambient temperature tamib = ‘min: =75 °C
Bulb temperature thulb = ‘max. 150 °C
CIRCUIT DESIGN VALUES : ]
Grid No.1 circuit resistance Rgl = max. 10 MQ
recommended value R g] = 1 M2

1) In order not to exceed this maximum value it is recommended to insert a
resistor of 1000  in the grid No.2 lead.
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LIMITING VALUES for pulse modulator service (Absolute max. rating system)
Anode voltage,

forward peak Vap = max. 500 V 1)

inverse peak Vainvp = max. 100 V
Grid No.2 voltage,

peak before conduction —ngp =  max. 50 V

average during conduction —Vg2 = max. 10V
Grid No.l voltage,

peak before conduction —Vglp = max. 100 V

average during conduction —Vg1 = max. 10 V

Cathode current,

peak Ikp = max. 10 A

average Ik = max. 10 mA

rate of change dlx/dT = max. 100 A/us
Grid No.2 current, peak Ig2p = max. 20 mA
Grid No.l current, peak Iglp =  max. 20 mA
Impulse duration Timp = max. S us
Impulse repetition frequency f = max. 500 pps
Duty factor 6 = max. 0.001
Cathode to heater voltage, peak kap = max. 0 Vv

= max. 6.0 V

Heater voltage Vg = fman 6.9 V
Ambient temperature tamp = min. =75 ©C
Bulb temperature tpulb = max. 150 ©C
CIRCUIT DESIGN VALUES
Grid No.2 circuit resistance Rg2 z :131)1( 2§ tg
Grid No.l circuit resistance Rgl = max. 500 k2

ly After completion of an impulse, a 20 us delay is required before a positive
voltage of more than 10 V is applied to the tube.

3 l( March 1969



PL5727

< i

LIMITING VALUES for use in capacitor discharge circuit for ignitron ignition

(Absolute max. rating system)

See also data sheet ignitron ZX1000 under the heading "Life

Anode voltage,

expectancy"

forward peak Vap = max. 650 V
inverse peak Vainvp = max. 100 V
Grid No.2 voltage,
peak before conduction —ngp = max. 50 V |
average during conduction —ng = max. 10V ;
Grid No.1 voltage, ;
peak before conduction _Vglp = max. 100 V é
average during conduction —Vgl = max. 10 V E‘
Cathode current, E
peak Ikp = max. 10 A 3
average Ix = max. 5 mA ;
rate of change dIx/dT = max. 6 A/us 1‘
Grid No.2 current, peak IgZp = max. 20 mA :
Grid No.l current, peak Iglp = max. 20 mA |
Impulse duration (half sine wave) Timp = max. 15 us ‘
Impulse repetition frequency f = max. 60 pps '
Cathode to heater voltage, peak kap = max. 3 V ‘
Heater voltage Vg z rrE:;( 2; X
Ambient temperature tamb = min. =75 ©°C :
Bulb temperature thulb = max. 150 ©C
CIRCUIT DESIGN VALUES
Grid No.2 circuit resistance Rg2 B 23 2; S
Grid No.1 circuit resistance Rgl = max. 100 kQ
]
March 1969 5
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SHOCK AND VIBRATION RESISTANCE

These conditions are used solely to assess the mechanical quality of the tube.
The tube should not be continuously operated under these conditions.

Shock resistance: 750 g

Forces as applied by the NRL impact machine for electronic devices caused by
5 blows of the hammer lifted over an angle of 48° in each of 4 different posi-
tions of the tube.

Vibration resistance: 2.5¢g

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of 3
directions of the tube.
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MAINTENANCE TYPE PL6574

THYRATRON

Thyratron, inert gas filled tetrode, with negative control characteristic.

QUICK REFERENCE DATA
Anode voltage, peak forward \Y% ap max. 650 V {
Cathode current, peak Ikp max. 2 A
average Ix max. 300 mA
HEATING: direct E
Heater voltage Vs 6.3 W =
Heater current l If 9507 - mA
Waiting time Ty min. 15 s
MECHANICAL DATA Dimensions in mm ’
Base: octal 1
Mounting position: any
g1 |
®
% b@' |
T
©
7207493
TYPICAL CHARACTERISTICS
Arc voltage Varc 10 Vv
Ratio Va/Vgl, at striking point (Vg2 =0V, Rgl =0Q) Va/vgl 275 -
Ratio Va/ng, at striking point (Vgl =0V, Rg2 =0Q) Va/Vg2 370 -
1
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PL6574

LIMITING VALUES (Absolute max. rating system)

Anode voltage, peak forward Vap max.650 V
peak inverse Vainv,, max.1.3 kV
Grid No.2 voltage ng max.100 V
tube conductive ng max. 10 V
Grid No.1 voltage _Vgl max.250 V
tube conductive —Vgl max. 10 V
Cathode current, peak Ikp max. 2 A
average (Tyy = max. 15 s) Ik max.300 mA
Grid No.l current, peak Iglp max. 1 mAl)
s average (Vg > =10V )XTay=1 cycle)Igl max. 20 mA
—
E Grid No.2 current (V, > =10 V)XTay = 1 cycle) Ig2 max. 20 mA
e Grid No.l circuit resistance (Ix = 200 mA) Rgl max, 10 MQ
Ambient temperature tamb =75t0+9%0 ©C
Surge current (T = max. 0.1 s) Isurge max. 10 A
Cathode to heater voltage, k pos. Vs max.100 V
k neg. Vs max. 25 V
1) During the period that V, is more negative than -10 V.
2 MAINTENANCE TYPE April 1970
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PL6755A

THYRATRON

Thyratron, for mercury vapour and inert gas filled triode.

Dimming installations for stage lighting, fluorescent lighting, etc, for motor
control service, variable and stabilized output rectifiers, ignitor firing, A.C.
control.

QUICK REFERENCE DATA

Anode voltage peak forward Vap max. 2000 V
Cathode current, peak Ikp max. 40 A
average Ik max. 3.6 A

HEATING: direct

Filament voltage Ve 2.5,V 1)
Filament current If .
Waiting time Ty min. 30 sec
CAPACITANCES
Anode to grid Cag 7 pE
Grid to filament Cgf 10 pF
TYPICAL CHARACTERISTICS
Arc voltage Varc 12V
Ionisation time Tion 10 s
Deionisation time Tdion 500 wus

1) Short-circuit voltage of the transformer 5 to 10%.

March 1969 1
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PL6755A

[

MECHANICAL DATA Dimensions in mm
Base : Super jumbo with bayonet
Socket 1 2422 511 01001 max 59
Cap connector: 40619 7_,*1“4
OF ‘
Net weight 1345 g '_/Q\ ?
=3
NN
9 § 5
E&
|
f v
fe 1) 7207490 U U

7207568

Mounting position: Vertical with base down.

The cross section of the flexible anode lead should be at least 4 mm?

f. should preferably be used as the cathode return connection

REMARK

The difference between ambient and condensed mercury temperature with natu-
ral cooling is about 30 °C. By directing a low velocity air flow of ambient tem-
perature or lower to the glass just above the base, the difference between
ambient and condensed mercury temperature can be decreased. This is im-
portant at high ambient temperatures (40 to 70 °C) and high peak inverse and
forward voltages (2 kV).

l) Load return.

2 March 1969




PL6755A

LIMITING VALUES (Absolute limits)

Anode voltage, peak forward Vap max. 2000 V

peak inverse Va invp max. 2000 V

Grid voltage, —Vg max. 300 V

tube conductive —Vg maxy 107V

Grid current Ig max. 0.25 A
Grid circuit resistance Rg max. 0.03 MQ 1)

Cathode current, peak Ikp max. 40 A

average (Tay = max. 15s) Iy max. . 3i6:-A

Surge current (T = max. 0.1 s) Isurge max. 200 A

Frequency f max. 150 Hz

Ambient temperature tamb 0to55 ©°C 2)

1) Higher values of Rg (up to 0.1 MQ2) are permissible for grid controlled cir-
cuits which are insensitive to grid current.

2) The ambient temperature is defined as the temperature of the surrounding
air and shall be measured under the following conditions:

. normal atmospheric pressure,

. the tube shall be adjusted to the worst probable operating conditions,

. the temperature shall be measured when thermal equilibrium is reached,

. the distance of the thermometer shall be 59 mm from the outside of the
envelope (measured in a plane perpendicular to the main axis of the tube
at the height of the condensed mercury boundary),

e. the thermometer shall be shielded to avoid direct heat radiation.

a0 oe

March 1969 3

111111




PL6755A

N o+ Ol- omm 7202156/16.12. fgee.1
N
.
F:
&
W3
00S 5 QL
wn
N =
NS
n ]
N3
]
000!
]
008! IS
&
A—Hoooz
=0 o
==t q{Q\ e Q \ \_ \ -~
2
1'29b5 2191/SSIZ022 oose ) S S S ®

Atye
(°C)
40

——=—= Ay LA e ; Gl e

March 1969



ZT1011

THYRATRON

Thyratron, inert gas-filled triode for power control and ignitor firing.

QUICK REFERENCE DATA
Peak anode voltage Vap max. 1.5 kV
Cathode current, peak Ikp max. 30
average Ix max. 2.5 A
HEATING:: direct by A.C.
Filament voltage Vg 2.5V
Filament current at Vf = 2.5V and Ix =0 I 7.5 to 9.5 A
Filament voltage Ve min. 2.25 V¥
atlpy > 0.5A Vi max. 2,75 V
at i, <0.5A Vg max. 3.0 V

The centre tap of the filament should be connected to the centre tap of the
filament transformer. This connection is essential when the average current
exceeds 6.4 A averaged over any 1 second period. When two or more tubes are
used with one filament transformer, the filament centre taps must never be
connected together without further connection to the centre tap of the filament

transformer.

Waiting time

for Ikp <20 A g
for Ikp > 20 A Ty
CAPACITANCES
Anode to grid Cag
Grid to cathode Cgf

1) Recommended value 60 s.

min.

min.

10 s

30 s l)
0.35 PpF

10 pF
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MECHANICAL DATA

7204911

Dimensions in mm

99%6
Nn4%6

[

Base Medium 4-pin with bayonet
Top cap CT3
Mounting position: any between horizontal and vertical with base down
Net weight approx. 115 g
Cooling convection
Accessories
Socket 2422 511 04001

Top cap connector type

TYPICAL CHARACTERISTICS
Arc voltage
Commutation factor
Ignition delay time
Recovery (deionisation time)
Vg = =250 V
Vg = =100 V

Critical grid current at V, = 1.5 kV

40619

Varc approx. 10 V
10 VA/us2
Tdelay See page 5

Taiei 200 s
Tdion 300 us
Ig < 20 uMA
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LIMITING VALUES (Absolute maximum rating system)

Anode voltage, forward and inverse peak

Iy <1.6A, Ikp <20 A Vap, Vaian max. 1,85k

Ix>1.6 A Vap, Vainvp max, 1.25 kV
Grid voltage

before conduction —Vg max. 300 V

during conduction --Vg max. 105 M

Grid current during the time that the anode
voltage is more positive than -10 V,
eak I max. 1.25 A
p p

average, T, = max. 20 ms Ig max. 100 mA

av
Grid current during the time that the anode
voltage is more negative than -10 V Igp max. 5.0 mA

Cathode current
peak (25 Hz and above) l)

V, <1.25kV Ikp max. 30 A
Va 1:5 kV Ikp max. 20 A
average (see page 6)
Tay =max. 15s, V3 = 1.5kV I max. 1.6 A
Tyy = max. 10 s, Va<l.25 kV Ik max. .29 (A
surge (fault protection, T = max. 0.1s) Isurge max. 300 A 2)
Ambient temperature 3) tamb -55 to +75 ©C

CIRCUIT DESIGN VALUES
max. 100 k2

Grid circuit resistance g :
see page 4 lower figure

1) For operation with peak currents in excess of 20 A and a mean current of
less than 0.5 A, such as occurs under ignitron firing service, a nominal
heater voltage of 2.75 V may be used. Under these conditions a maximum
peak anode voltage of 1.5 kV is permissible.

2) The rating applies when the filament and filament transformer centre taps
are connected together. The maximum surge current must not exceed 140 A
if the cathode current return is to only one of these points.

3) The anode structure must be left free to ensure cooling by free convection.
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7204906-26.20.0joa

Tkmax

(A)
10

5 Permissible area
of operation

0 5 10 15 T(s)

10
L L]

max

(A)

0 5 10 15T(s)

The top curve shows the maximum number of seconds in any 10 second period for
which a given average current may be drawn from a sinusoidal supply if the peak
voltage applied to the tube is less than 1.25 kV. The bottom curve shows the max-
imum number of seconds in any 15 second period for which a given average current
may be drawn from a sinusoidal supply if the applied peak voltage lies between
1.25 and 1.5:kV.
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MAINTENANCE TYPE 3C45

HYDROGEN THYRATRON

QUICK REFERENCE DATA

Maximum peak forward voltage Vap = max. 3 kV
Maximum peak inverse voltage Va invp = max. 3 kV
Maximum peak anode current Iap = max. 35 A

Maximum average anode current = max. 45 mA

The tube has a positive control characteristic

APPLICATION

Service in pulse modulator circuits of radar systems.

The properties of the tube suggest other applications such as frequency con-
verter (high efficiency induction heating), shock excitation of tuned circuits, in
pulse time modulation circuits, use in control circuits.

HEATING: indirect

_ +5%
Heater voltage Vgoo= 6.3 V—lO%
Heater current at Vf = 6.3 V Ig = 2.0t02.5 A
Waiting time Ty = min, 2 min.

March 1969 1
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LIMITING VALUES (Absolute limits)

min.
max.

= max.
min.

max.
max.

max.

-50 to 490 ©C
800 V
3 kvl
3 kv 2
0.05 Vap
35 A
45 mA
750 A/usec

max

max.

max.

. 0.3x109 VAHz

200 V

Ambient temperature tamb
Anode supply voltage (D.C.) Vb,
Peak forward anode voltage Vap
Peak inverse anode voltage Va invp
Peak anode current Iap
Average anode current I
Rate of rise of cathode current dly/dt
Operating factor Vap'Iap'fimp
Grid
Peak inverse grid voltage Vg invy
Grid drive requirements, measured at the tube socket with the grid discon-
nected.
Peak voltage Vp
Pulse duration at amplitude of min. 50 V Timp
Time of rise of voltage pulse Try
Impedance of grid drive circuit Rg

REMARKS

max.

176 VvV
2 usec
0.5 musec

1300

1. Cooling of the anode lead is permissible but no stream of cooling air should

be directly applied to the tube envelope.

2. The tube should be kept away from strong fields which could ionise the gas

in the tube.

1)In case where the anode voltage is applied instantaneously the max. value

should not be reached in less than 0.04 sec.

2) In pulsed operation the inverse voltage should not exceed 1.5 kV during the
first 25 usec after the pulse (except for a spike of max.0.05 usec duration).
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3C45

MECHANICAL DATA Dimensions in mm

Base : medium 4p max40

Net weight: 70 g

max 116
max 132

-

|-

Mounting position: any; clamping at the base and/or at the bulbin the region up
to 5 cm above the top of the base.

ACCESSORIES
Socket 1 2422 511 04001
Cap : Small

Simplified diagram of a typical modulator circuit employingthe hydrogen thyra-
tron.

L Pulse forming network
— +o—7000

. i
[ e} c}
Input
_]:_ 3%

1) At voltages above 2.5 kV the socket must be insulated from the chassis.

1111111
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4C35A

HYDROGEN THYRATRON

QUICK REFERENCE DATA

Maximum peak forward voltage Vap = max. 8 kV
Maximum peak inverse voltage Va invp = max. 8 kV
Maximum peak anode current Iap = max. 90 A

Maximum average anode current Iy = max. 100 mA

The tube has a positive control characteristic

APPLICATION

Service in pulse modulator circuits of radar systems.

The properties of the tube suggest other applications such as frequency con-
verter (high efficiency induction heating), shock excitation of tuned circuits, in
pulse time modulation circuits, use in control circuits.

HEATING: indirect

: +5%
Heater voltage Vg 6.3 V ~10,
Heater current at Vf = 6.3 V If = b.9to 6.7 A
Waiting time Tw = min. 3 min
MECHANICAL DATA max65
Base : Super Jumbo with bayonet max 58 | o
144 c
Net weight: 200 g M £
g

min10

T
Dimensions in mm f \F

max 156
max 174

max 127

The return lead of the anode and grid circuits U U

should be connected to pin 4. Fcer

Mounting position: any; clamping is advisable only at the base
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4C35A

LIMITING VALUES (Absolute limits)

Ambient temperature tamb = =-50to+90 ©C
Anode

Anode supply voltage (DC) Vb, = min. 2.5 kV

Peak forward anode voltage Vap = max. 8 kvl

Peak inverse anode voltage Va invp : nmj: 0.0g IGZ:)

Peak anode current Iap =  max. 90 A

Average anode current L, = max. 100 mA

Rate of rise of cathode current dIk/dt = max. 1000 A/usec

Operating factor Vap-Iap-fimp = max.2x10° VAHz3)
Grid

Peak inverse grid voltage Vg invp = max. 200 V

Grid drive requirements, measured at the tube socket with the grid dis-

connected
Peak voltage Vp = min. 178 V
Pulse duration at amplitude of min. 50V Timp = min. 2 usec
Time of rise of voltage pulse Tt = max. 0.5 wpsec
Impedance of grid drive circuit Rg = max. 1500 €

REMARKS

1. Cooling of the anode lead is permissible but no stream of cooling air should
be directly applied to the tube envelope.

2. The tube should be kept away from strong fields which could ionise the gas
in the tube.

1) Max. 7 kV when the anode voltage is applied instantaneously (time of rise
min. 0.04 sec)

2) In pulsed operation the inverse voltage should not exceed 2.5 kV during the
first 25usec after the pulse (except for a spike of max. 0.05 usec duration).

3) The stated max. value of the operating factor applies to pulse repetition
rates which are not far in excess of 2800 pulses per second. For consider-
ably higher values it is advisable to apply to the manufacturer.
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Simplified diagram of a typical modulation circuit employing the hydrogen thy-
ratron

L Pulse forming network

v o—000 —9 ll o o
me } ' Rl
Input
é 72 4

Measured at 3 kV in a typical circuit the time jitter is max. 0.02 usec. Under
practical operating conditions the average value of the anode time jitter is about
0.004 usec.

- R

R
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5C22

HYDROGEN THYRATRON

QUICK REFERENCE DATA

Maximum peak forward voltage Vap = max. 16 kV
Maximum peak inverse voltage Va invp = max. 16 kv
Maximum peak anode current Iap = max. 325 A

Maximum average anode current I = max. 200 mA

The tube has a positive control characteristic

APPLICATION

Service in pulse modulator circuits of radar systems.

The properties of the tube suggest other applications such as frequency con-
verter (high efficiency induction heating), shock excitationof tuned circuits, in
pulse time modulation circuits, use in control circuits.

HEATING: indirect

Heater voltage Vg = 6.3 V £7.5%
Heater current If = 9.6t011.6 A
Waiting time Tw = min. 5 min

—
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(111

LIMITING VALUES (Absolute limits)

Ambient temperature tamb = -50 to +90 ©C
Anode supply voltage (DC) Vb, = min. 4.5 kV
Peak forward anode voltage Vap = max. 16 kv 1)
Peak inverse anode voltage Va invp 2?: Oég l\(/ZPZ)
Peak anode current Iap = max. 325 A
Average anode current Ly = MmaX. 200 mA
Rate of rise of cathode current dly/de = max. 1500 A/usec
Operating factor Vap-Iap-fimp = max. 3.2x109 VAHz3)
Grid
Peak inverse grid voltage Vg ian = max. 200 V
Grid drive requirements, measured at the tube socket with the grid dis-
connected
Peak voltage Vp = min. 200 V
Pulse duration at amplitude of min.50V ~ Timp = min. 2 usec
Time of rise of voltage i = max. 0.5 wusec
Impedance of grid drive circuit Rg = max. 500 €

REMARKS

1. Cooling of the anode lead is permissible but no stream of cooling air should
be directly applied to the tube envelope

2. The tube should be kept away from strong fields which could ionise the gas
in the tube

l) Max. 13.5 kV when the anode voltage is applied instantaneously (time of rise
min. 0.04 sec)

2) In pulsed operation the inverse voltage should not exceed 5 kV during the
first 25 usec after the pulse (except for a spike of max. 0.05 usec duration).

3) The stated max. valueof the operating factor applies to pulse repetition rates
which are not far in excess of 1000 pulses per second. For considerably
higher values it is advisable to apply to the manufacturer.
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MECHANICAL DATA Dimensions in mm
max65
Base : super jumbo with bayonet 285
Net weight: 280 g ﬂ-&ff
o~

o

max 205
max 222

U

The return lead of the anode and grid circuits should be connected to pin 4

e3bb

Mounting position: any; clamping is advisable only at the base

SIMPLIFIED DIAGRAM of a typical modulator circuit employing the hydrogen
thyratron

) Pulse forming network

Input

Measured at 5 kV in a typical circuit the time jitter is max. 0.02 usec. Under

practical operating conditions the average value of theanode time jitteris about
0.004 usec.

o 1111115
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MAINTENANCE TYPE

5643

THYRATRON

Thyratron, inert gas filled tetrode, subminiature intended for use in counter-
control circuits and as grid controlled rectifier.
The 5643 is shock and vibration resistant.

QUICK REFERENCE DATA
Peak anode voltage Vap 500 V
Cathode current, peak Ikp 100 mA
average Ik 22 mA
HEATING —
Indirect by A.C. or D.C.
Heater voltage Vg 6.3 V+10%
Heater current If 150 mA
Waiting time Ty 10 s
CAPACITANCES (with external shield of 10.3 mm diameter)
Grid No. 1 to all Cgl 1.7 PpE
Anode to all Cy 1.6 pF
Anode to grid No.1 Cagl 0.08 pF
max1016#

MECHANICAL DATA

max349

15

-

1
r
in381

7203724

= |

Dimensions in mm
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5643

Mounting position: any

The tube may be soldered directly into the circuit but heat conducted to the glass
should be kept to a minimum by the use of a thermal shunt.
The leads may be dip-soldered to minimum 5 mm from the glass to metal seals
at a solder temperature of 240 OC during max. 10 seconds.
Care should be taken not to bend the leads nearer than 1.5 mm from the seals.

TYPICAL CHARACTERISTIC
Maintaining voltage at I, = 20 mA Varc 10 vV

LIMITING VALUES (Absolute max. rating system)
Anode voltage,
forward peak Va max. 500 VvV

p
inverse peak Va invp max. 500 VvV

A

Grid No. 2 voltage,

before conduction -Vg2 max. 100 V
Grid No.1 voltage,

before conduction —Vgl max. 200 V
Cathode current,

peak Ikp max. 100 mA

average Ik max. 22 mA
Cathode to heater voltage

k pos Vit _ max. 100 V

k neg V -kt max. 25 V
Ambient temperature tamb ii’: igg gg
Altitude h max. 24 km
CIRCUIT DESIGN VALUES
Grid No.1 circuit resistance Rgl max. 10 MR

2 MAINTENANCE TYPE March 1969




5643

SHOCK AND VIBRATION

These conditions are used solely to assess the mechanical quality of the tube.
The tube should not be continuously operated under these conditions.

Shock resistance: 500 g

Forces as applied by the NRL impact machine for electronic devices caused by
5 blows of the hammer lifted over an angle of 30° in each of 4 different positions
of the tube.

Vibration resistance: 2.5 gpeak

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of 3
directions of the tube.

il
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5696

THYRATRON

Thyratron, inert gas filled tetrode intended for industrial applications.

QUICK REFERENCE DATA
Peak anode voltage Vap 500 V
Cathode current, peak Ikp 100 mA
average I 25 mA
HEATING

Indirect by A.C. or D.C.

Heater voltage Vi 6.3V
Heater current I 150 mA
Waiting time Tw 10475
CAPACITANCES

Grid No.1 to all Cgl 2.0 pF
Anode to all Cy 1.5 P
Anode to grid No.1 Cagl 0.03 pF
MECHANICAL DATA Dimensions in mm

Base: 7 pin miniature

max 36.1

max44.5

7203690

Mounting position: any

1]
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5696

T

TYPICAL CHARACTERISTICS
Recovery time at V4 = 500 V, Vg, = =50 V

Rgl = 50 k2, Ikp = 100 mA (20 us pulse)
Critical grid No.1 current at Vg, =350 V¢ 1.5
Maintaining voltage
Control ratio grid No. 1 at striking point

Rg2=OQ

Control ratio grid No. 2 at striking point

Rgl=OQ

LIMITING VALUES (Absolute max. rating system)
Anode voltage,
forward peak
inverse peak
Grid No. 2 voltage,
before conduction
during conduction
Grid No.1 voltage,
before conduction
during conduction
Cathode current,
peak
average, Tay = max. 30 s
surge T = max. 0.1 s

Grid No.2 current for anode voltage
more positive than =10 V

Grid No. 1 current for anode voltage
more positive than =10 V,

peak

average (T,y = 1 cycle)

Isurge

g2

g1,
g1

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.,

40
0.5
10

250

15

500
500

50
10

100
10

100
25
2.0

5.0

25
5.0

us
MA

mA
mA

mA

mA
mA
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5696

LIMITING VALUES (continued)

Grid No.1 current for anode voltage
more negative than —-10 V,

peak

Cathode to heater voltage,
k pos, peak
k neg, peak

Ambient temperature

CIRCUIT DESIGN VALUES

Grid No. 1 circuit resistance

REMARK

Re1

max.

max.

min.
max.

max.

30

25
100

=35
+90

10

MA

oC
oC

MG

Where circuit conditions permit grid No.2 should be connected directly to the

cathode.
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MAINTENANCE TYPE 5949

HYDROGEN THYRATRON

QUICK REFERENCE DATA

Maximum peak forward voltage Vap max. 25 kV
Maximum peak inverse voltage Va invp = max. 25 kV
Maximum peak anode current Iap = max. 500 A
Maximum average anode current 168 = maxe. 0:5 A

The tube has a positive control characteristic

APPLICATION

Service in pulse modulator circuits of radar systems.

The properties of the tube suggest other applications such as frequency con-
verter (high efficiency induction heating), shock excitation of tuned circuits, in
pulse time modulation circuits, use in control circuits.

HEATING : indirect

Heater voltage . Vs = 6.3 V5%
Heater current at Vf = 6.3 V Ig = 15to 22 A
Replenisher voltage Vrepl = 3t05.5 V

Replenisher current at Vryepl =4.5V Irepl = 2to 5 A
Waiting time (cathode and replenisher) T, = min. 15 min

The optimum replenisher voltage is inscribed on the base of the tube and must
be held to within £5%. Too high a voltage will oppose the deionisation between
pulses and the tube would then run into continuous conduction. It reduces,
moreover, the maximum peak forward voltage. If the replenisher voltage is
too low, the anode dissipation will rise resulting in a visible heating of the
anode.

The indicated replenisher voltage value applies to the published typical oper-
ation. At conditions widely varying from these conditions it may be necessary
to redetermine the optimum voltage value.

Warning

High-voltage hydrogen thyratrons emit X-rays. The intensity of the
X-rays is maximum in a narrow beam emanating in a circle from the
grid-anode region. Proper precautions should be taken so that person-
nel operating with or testing these tubes are shielded adequately for
X-rays.
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5949

MECHANICAL DATA Dimensions in mm
max84
Base : special 5 p 7#_#
Net weight: 570 g H of
[
<1
( B
[}
SN
[+
SIS
bE
\ 4
101

1) repl = replenisher

Mounting position: any. Vertical position with base down is recommended.

LIMITING VALUES (Absolute limits)

Ambient temperature tamb = -55to+75 ©C

Anode
Anode supply voltage (DC) Vba = min. 5 kV

_ max. 25 kV2)

Peak forward anode voltage Vap = ol 10 KV

. _ max. 25 kV3)
Peak inverse anode voltage Va v = min. 0.05 Vap
Peak anode current Iap = max. 500 A
Average anode current Ia = max. 0.5 A
Rate of rise of cathode current dl/de = max. 2500 A/usec
Operating factor Vap-Iap-fimp = max. 6.25x109 VAHz4%)

2) Instantaneous starting is not recommended. However, when it is absolutely
necessary the maximum permissible peak forward voltage is 18 kV and
should not be reached in less than 0.04 sec

3) In pulsed operation the inverse voltage should not exceed 5 kV during the
first 25 usec after the pulse (except for a spike of max. 0.05 usec duration).

4) The stated max. value of the operating factor applies to pulse repetition
rates up to 2000 pulses per second. For higher pulse repetition rates it is
advisable to consult the tube manufacturer.
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5949

LIMITING VALUES (continued)
Grid
Peak inverse grid voltage Vg inv, = max. 450 V

Grid drive requirements, measured at the tube socket with the grid dis-
connected.

= max. 1000 V
Peak voltage Vp - min. 550 V
Pulse duration Timp = min, 2 usec
: AV ;
Rate of rise of voltage — = min. 1800 V/usec
&y,
Impedance of grid drive circuit Rg = 50 to 200 @

TYPICAL OPERATING CHARACTERISTICS as pulse modulator; DC resonance
charging

Incase the operating conditions are much severer than those listed below, it is
suggested that the customer requests a recommendation for his specific appli -
cation.

Peak anode voltage Vap = 25 20 kV
Peak anode current Iap = 500 200 A
Pulse duration Timp = 2 1 wusec
Pulse repetition rate fimp = 500 1200 Hz

REMARKS

1. Cooling of the anode lead is permissible but no stream of cooling air should
be directly applied to the tube envelope.

2. The tube should be kept away from strong fields which could ionise the gas
in the tube.

3. The anode terminal may reach a temperature of about 200 °C. The anode
clip should be soldered to its cable by means of an appropriate type of
solder.
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GENERAL OPERATIONAL RECOMMENDATIONS
INDUSTRIAL RECTIFYING TUBES

The following instructions and recommendations apply in general to all types
of industrial rectifiers. If there are deviations for any type of tube they will
be indicated on the published data sheets of the type in question.

MOUNTING

Normally the tubes must be mounted vertically with the base or filament strips
at the lower end. They must be mounted so that air can circulate freely around
them. Where additional coolingis necessary forcedair should assist thenatural
convection. (This is of great importance in the case of ‘mercury-vapour filled
tubes, in order to condense the mercury in the lower part of the tube.) The
clearance between the tubes and other components of the circuit and between
the tubes and cabinet walls should be at least half the maximum tube diameter.

When 2 or more tubes are used the minimum clearance between them should
be 3/4 the maximum tube diameter. When the tube is mounted in a closed cab-
inet the heat dissipated by the tube and other components should be taken into
account. While the tube is working it must not touch any other part of the in-
stallation or be exposed to falling drops of liquid. The tubes should be mounted
in such a way that they are not subjected to dangerous shock or vibration.

In general, if shock or vibration exceeds 0.5 g a shock absorbing device should
be used. The electrode connections, except for those of the tube holder, must
be flexible. The nuts (e.g. of the anode connections) should be well tightened
but care must be taken to ensure that no undue forces are exerted on the tube.
The contacts must be checkedat regular intervalsand their surfaces kept clean
in order to avoid excessive heating of the glass-metal seals. The cross section
of the conductors and leads should be sufficient to carry the r.m.s. value of
the current. (It should be noted that in rectifier circuits the r.m.s. value of
the anode current may reach 2.5 x the average D.C. value.)

FILAMENT SUPPLY

In order to obtain the maximum life of a directly heated tube, a filament trans-
former with centre-tap and a phase shift of 90° + 30° between V, and Vg is
recommended.

The filament voltage at nominal mains voltage must be measured at the termi-

nals of the tube. Deviations with a maximum of 2.5% from the published value
can be accepted. It is therefore recommended to have tappings on the filament
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transformer. The mains fluctuations should, in general, not exceed 5%. During
short intervals fluctuations of 10% are admissible.

In calculating the ratings of thefilament transformera variation in the filament
current of plus and minus 10% from tube to tube should be taken into account,
whilst for directly heated tubes the D.C. current flowing through the filament
winding should also be considzred.

TEMPERATURE

1. For tubes filled with a mixture of mercury vapour and inert gas.

For these tubes temperature limits for the condensed mercury are given in
the published data. Care should be taken to ensure that the temperature
during operation is between these limits. The condensed mercury tempera-
ture can be measured with a thermo-element placed against the envelope.
The measurement should be made at the coldest part of the bulb where the
mercury condenses; in general this will be just above the base or the lower
connections. Good technique and instruments are necessary for accurate
thermocouple measurements.

In addition to the temperature limits for the condensed mercury sometimes
limits for the ambient temperature are given.

The latter are only intended as a guide, as the difference between the am-
bient and the condensed mercury temperature largely depends on mounting
and cooling.

The condensed mercury temperature is decisive in all cases

The ambient temperature can be measured with a thermometer which has
been screened against direct heat radiation.

The measurement should be carried out at various points around the lower
part of the tube.

[S%]

Tubes with inert gas-filling

For these tubes only the limitsof the ambient temperature are given. These
limits are in general minimum -55 °C and maximum +75 °C.

SWITCHING ON

It is necessary to allow some time for the cathode to reach its operating tem-
perature before drawing cathode current. Therefore the minimum cathode
heating time is given on the published data sheets. In general two values are
published; the minimum may be used if a short time is absolutely necessary
but it is advisable to use the longer value.

After the heating of the cathode the anode voltage may be applied provided that
the ambient temperature is not too low.
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For tubes filled with a mixture of mercury-vapour and inert gas the minimum
value of ambient temperature is 0 °C; for tubes with only an inert-gas filling
it is the minimum value of the ambient temperature published.

Switching on after transport or after a considerable time of interruption of
operation should be done according to the instructions for use which are packed
with the tube.

LIMITING VALUES

In general these values are given as absolute maxima; i.e. maxima which
should not be exceeded under any conditions (thus they may not be exceeded
owing to mains voltage fluctuations, load variations, tolerances on components,
overvoltages, etc.)

For each rating of maximum average current a maximum averaging time is
quoted. This is to ensure than an anode current greater than the maximum
continuously permissible average value is not drawn for such a length of time
as would give rise to an excessive temperature within the tube. The maximum
peak anode current is determined by the available safe cathode emission,
whereas the average current is limited by its heating effects.

An exception has been made for the maximum average current of tubes used in
battery chargers. The rated value then holds for the nominal battery voltage.In
the uncharged condition this rated value may then be exceeded by approximately
25%. However, it must have decreased to the published maximum value within
30 minutes.

Under no circumstances may the peak current exceed its maximum published
value. For the determination of the actual value of the peak inverse voltage
and the peak anode current, the values measured with an osciloscope or by
other means are decisive.

TYPICAL CHARACTERISTICS
1. Arc voltage

The value published for Vg4c applies to average operating conditions; under
high peak current conditions, e.g. 6 phase rectification, V4, will be higher.

The spread which is dependent on the circuit can be expected to be plus and
minus 1 V.

During life an increase of approximately 2 V must be taken into account.

2. Ignition voltage

The published value of Vignis an average value which can beused as a basis
for calculation of the transformer voltage required.
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From the given value the minimum transformer voltage can be calculated.
However, owing to mutual variations between the tubes, fluctuations of the
mains voltage, temperature variations and variation during life the required
transformer voltage must be higher than the minimum calculated value.

In the case of battery charging an increase of 15% to 20% will, in general,
be sufficient.

w

Frequency

Unless otherwise stated the maximum frequency at which the tubes may run
under full load is 150 Hz.

Under special conditions higher frequencies may be used; details should be
obtained from the manufacturer.

OPERATING CHARACTERISTICS

The data under this heading are based on normal practical conditions.

SHORT CIRCUIT PROTECTION

In order to prevent the tube from being damaged by passing too high a peak
current a minimum value for the protective resistance R or a maximum value
for the surge current is given.

The figure given for the maximum surge current is intended as a guide to
equipment designers. It indicates the maximum value of a transient current
resulting from a sudden overload or short circuit which the rectifier can pass
for a period not exceeding 0.1 second without resulting in its immediate de-
struction. Several overloads of this nature will, however, considerably reduce
the life of the tube.

The equipment designer has to take into account this maximum surge current
rating when calculating the short-circuit impedance of the equipment.

This surge current value is not intended as a peak current that may occur on
switching or durring operation

A simple method to limit the surge current to maximum rating is toincorporate
a series resistance in the anode circuit.

If a value for R is specified on the published data sheets the maximum surge
current rating will not be exceeded in the event ofa short circuit, sudden over-
load, etc. when the total resistance of the secondary (anode)circuit of a normal
transformer has at least this value.
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SCREENING AND INTERFERENCE

In order to prevent unwanted ionisation of the gas filling (and consequent flash
over) due to strong R.F. fields, it may be necessary to enclose the rectifier
in a separate earthed screening box.

In circuits with gas-filled tubes oscillation in the transformer windings may
occur.

These oscillations should be reduced by suitable circuits as excessive peak
inverse voltages may occur, causing arc back.

SMOOTING CIRCUITS

In order to limit the peak anode current in a rectifier it is necessary that a
choke precedes the first smoothing capacitor.

In some rectifier circuits the initial surge of current can be limited by use of
a starting resistor in series with the primary of the transformer. Moreover,
when such a starting resistor is used it may be possible to reduce the induc-
tance value of the choke.

To ensure good voltage regulation on fluctuating loads the inductance value of
the chocke should be large enough to give uninterrupted currentat minimum
load.

The choke and capacitor must not resonate at the supply or ripple frequency.

PARALLEL OPERATION OF GAS-FILLED TUBES

As individual gas-filled rectifying tubes may have slightly different character-
istics two or more tubes should not be connected directly in parallel. An alter-
native expedient should be adopted if a higher current output is required. In-
formation on suitable methods will be supplied on request.
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RATING SYSTEM

( in accordance with L.E.C. publication 134 )

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating and environmental
conditions applicable to any electronic device of a specified type as defined by
its published data, which should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking no responsibility for equipment variations, en-
vironmental variations, and the effects of changes in operating conditions due to
variations in the characteristics of the device under consideration and of all
other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life,
no absolute-maximum value for the intended service is exceeded with any device
under the worst probable operating conditions with respect to supply voltage
variation, equipment component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and variations in charac-
teristics of the device under consideration and of all other electronic devices
in the equipment.

772 5065

(11
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MAINTENANCE TYPE 328

DOUBLE ANODE RECTIFYING TUBE

Gasfilled double anode rectifying tube intended for usein battery chargers 1.3A
each tube, max. 6 Pb-cells.

HEATING: direct by A.C., oxide coated filament.

Filament voltage Vs 1.9 V
Filament current I 3.0 A
Waiting time T 15 sl

MECHANICAL DATA Dimensions in mm

Base: A ‘max33‘
/’\ Y
3|
o=
55
ElE
A A

4
7206785

Socket: 2422 512 02001
Mounting position: vertical, base down

Net weight: 35 g

TYPICAL CHARACTERISTICS

Arc voltage Varc 7V

Ignition voltage Vign I6 V

l) Recommended value. If urgently wanted this value maybe decreased to Os .
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328

OPERATING CHARACTERISTICS

Circuit: a (See Application directions)

Transformer voltage Vir 28 VRMS
discharged nominal charged
Battery voltage Vbat 11 13 16 v
D.C. current I 1.5 1.3 1.0 A
Anode current, peak Iap 3 A
Protecting resistance R¢ 6.5 Q
LIMITING VALUES (Absolute max. rating system)
Anode voltage, inverse peak VainvP max. 90 V
Anode current, average Iy max. 0.65 A
peak Iap max. 4 A
Protecting resistance R¢ min. 3 @
in. -55 °C
Ambient temperature tamb o

max. +75 °C
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OBSOLESCENT TYPE 354

SINGLE ANODE RECTIFYING TUBE

Gas-filled single anode rectifying tube intended for use in battery chargers.
2 A each tube, max. 4 Pb cells.

HEATING: direct; oxide coated filament

Filament voltage V¢ 1.9 WV
!
Filament current Ie 9.9 A ]
Waiting time T 30 s b
MECHANICAL DATA Dimensions in mm

Base: Edison 23
Net weight 750 g

Mounting position: vertical,
base down

oy |1 o

i &

7206820

TYPICAL CHARACTERISTICS
Arc voltage Varc 8 V
Ignition voltage Vign 16 V

1y 1If urgently wanted this value may be decreased to 0 s.
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354

LIMITING VALUES (Absolute max. rating system)

Transformer voltage Vir max. 20 130 VRMS
min. 15 15 Vewms
Anode voltage, peak inverse Vainvp max. 65 400 V
Anode current, peak Iap max. 10 1.25 A
average Iy max. 2 0.25 A
Protecting resistance R¢ min. 4 50 @
Ambient temperature tamb o ~5 gc
max +75 C
!
|
i
|
=
2 OBSOLESCENT TYPE February 1968



MAINTENANCE TYPE 367

DOUBLE ANODE RECTIFYING TUBE

Gasfilled double anode rectifying tube intended for use in battery chargers 6 A
each tube, max. 12 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage Vi 1.9 Vv
Filament current If 8 A
Waiting time T 30 sl
MECHANICAL DATA Dimensions in mm
Base: W max 81
©
v
5 S
E 5
E
Y
y
7206791 7206782

Mounting position: vertical, base down

Net weight: 90 g

TYPICAL CHARACTERISTICS
Arc voltage Varc 9 WV
Ignition voltage Vign 16, 'V

1) Recommended value. If urgently wanted this value may be decreased to 0 s.

DT r——

March 1969 1



367

OPERATING CHARACTERISTICS

Circuit: a (See Application directions)

Transformer voltage

Battery voltage
D.C. current
Anode current, peak

Protecting resistance

LIMITING VALUES (Absolute max. rating system)

Anode voltage, inverse peak
Anode current, average
peak

Protecting resistance

Ambient temperature

Vir 45 VRMS
discharged nominal charged

Vpat 22 26 32 v

Io 7.2 6 4 A

Iap 15 A

R¢ 1.9 Q
Vainvp max. 140 V
Iy max 3 A
Iap max. 18 A
R¢ min 1 Q
. min. -55 °C
amb max. +75 ©°C

2 MAINTENANCE TYPE

February 1968



OBSOLESCENT TYPE 451

DOUBLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled double anode rectifying tube intended for use in
battery chargers 1.3 A each tube, max. 3 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage V¢ 19 ¥
Filament current I¢ 2.8 A
Waiting time T 15 sl
MECHANICAL DATA Dimensions in mm ‘
Base: A :
‘rncx33‘ g
—

<3| N
o=
3| &
ElE
7206785
Socket: 2422 512 02001
Mounting position: vertical, base down |
Net weight: 40 g E
TYPICAL CHARACTERISTICS
Arc voltage Varc 7 V
Ignition voltage Vign 11 V

1) Recommended value. If urgently wanted this valuemay be decreased to0 s

February 1968 - 1
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451

LIMITING VALUES (Absolute max. rating system)

Transformer voltage Vir 2?: i(f)) z%g
Anode voltage, inverse peak VainvP max. 50 V
Anode current, average Iy max. 0.65 A
peak Iap max. 4 A
Protecting resistance Ry min. 3 @
Mercury temperature tHg min, 3 gc
max. 75 “C
i
2 OBSOLESCENT TYPE February 1968




OBSOLESCENT TYPE 1010

DOUBLE ANODE RECTIFYING TUBE 8
$
Gasfilled double anode rectifying tube intended for usein battery chargers 1.3A
each tube, max. 20 Pb-cells.
HEATING: direct by A.C., oxide coated filament
-
Filament voltage Vg 1.9 N
Filament current If 3.5 A .j
Waiting time T 15 sl g
MECHANICAL DATA ) Dimensions in mm
Base: A —
max37 —
/\ - =
B
38
x| x
g| o Iy
E|E 1
A
7206783
Socket: 2422 512 02001
Net weight: 50 g
TYPICAL CHARACTERISTICS
Arc voltage Varc 9 V
Ignition voltage Vign 16 V
l) Recommended value. If urgently wanted this value may be decreased to0 s
February 1968 -} J
47‘- = 7



1010

=

i

E OPERATING CHARACTERISTICS

Circuit: a (See Application directions)

;: Transformer voltage Vir 60 VRMS

\ discharged nominal charged

| 8 Battery voltage Vbat 36 44 54 v

/ D.C. current Iy o i L2 0.7 A
Anode current, peak Iap 3.2 A
Protecting resistance R¢ 10 Q

! LIMITING VALUES (Absolute max. rating system)

Anode voltage, inverse peak VainvP max. 185 V
Anode current, average Iy max. 0.65 A

peak Iap max. 4 A

E Protecting resistance R¢ min. 10 @

E Ambient temperature tamb L, o ZC

== max. +75 °C

E

—

s

2 OBSOLESCENT TYPE February 1968




ZM1162

INDICATOR TUBE

Long life cold cathode ten digit numeral indicator tube for top viewing.
The rectangular envelope allows for close tube-to-tube spacing, both in the horizon-
tal and vertical axes.

QUICK REFERENCE DATA
Numeral height 15.5 mm
Numerals 1234567890
Supply voltage Vba min, 170 V
Cathode current I 2, 53EmX
Distance between mounting centres min, 20 mm
Viewing angle 90 o
GENERAL

The numerals are 15.5 mm high and appear on the same base line allowing in-line
read out.

PRINCIPLE OF OPERATING

The tube contains ten cathodes in the form of ten figures and one common anode. By
applying a suitable voltage between the anode and one of the ten cathodes the corre-
sponding figure will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm

e P _LW"IT[J

special ¥ pin base

10max —=! ~—10max

12088

1) Centre line through pins 6 and 12 (Note: distance between centre lines of adjacent
tubes must be at least 20 mm)

January 1970 l l 1
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ZM1162

Mounting position: any

The numerals are viewed through thetop of the envelope. The numerals will appear
upright (within + 30) when the tube is mounted with the line through pins 6 and 12

vertical, pin 6 uppermost.

Accessory
Socket type 55705

CHARACTERISTICS AND OPERATING CONDITIONS (at 20 °C to 50 °C)

Ignition voltage Vign min, 170
Ignition delay see page 3
Maintaining voltage see page4
Cathode current, recommended Iy 2.5
Cathode current for coverage

average during any conduction period Ik min, 1.5
D.C. operation see pages 5to 9
Extinguishing voltage Vext 118

LIFE EXPECTANCY at Iy = 2.5 mA and room temperature 1)
Continuous display of one numeral > 5000

Sequentially changing the display from one
numeral to another, every 100 hrs or less > 30000

LIMITING VALUES (Absolute max, rating system)

Cathode current (each digit),

average, T,y = max. 20 ms I max. 3.0
peak Ikp max,; 3.8
average during any conduction period Ik min. 1.5
Anode voltage necessary for ignition Va min., 170
Bulb temperature thulb max. +70
thulb min, -10

v

mA

mA

mA

°C 1)

1) For bulb temperatures below+1009C the life expectancy of the tube is substan-

tially reduced.

2 January 1970




ZM1162

10 7210871
Es =
3 L
3 1]

c L~
:‘g 2 ~
c
- W\'ly/
10, & 2
_”
j'

1
05 1 2 5 1 1520 30 40 50 60 70 8085 90 95 98 99 995
probability (%)

CUMULATIVE DISTRIBUTION OF IGNITION DELAY

This curve shows the probability that a tube will ignite in less than the time shown
after a non-conduction period of a few seconds. The ignition delay will be appre-
ciably reduced when the interval between conduction periods is less than 100 milli-
seconds. In general, an increase in the supply voltage will reduce the ignition delay.

January 1970 3



ZM1162

-180 ]-’}w—'
1
v = Max
m 1
) A
=
—
s
160 =
b=t MiN|
-
-
e
st
140 - =
120
1 15 2 25 Ik (mAdc) 3

ANODE-TO-CATHODE MAINTAINING VOLTAGE
AS A FUNCTION OF CATHODE CURRENT

NOTE
PROBE CURRENT CURVES

For low cathode selecting voltages (Vi) the current Ixy to the non-conducting cath-
ode will increase, and the readability of the conducting cathode will be affected.

It is therefore recommended to use a nominal operating point to the right of line
C-C. Under the worst operating conditions the operating point should never reach
the area left of the line D-D.

4 January 1970



600 X 1210972
Tk
(HA) I =15mA
) C
400
o worst case
3 - 4 operation area
4
g e
g A
)
200 A ¥
A
fr\o'
N (“/
/s
NP2
nominal operation s
N area
N | O
o (S R 3 1 )
0 50 100 I 150 Vick (V) 200
Bi 1A
7210973
W T
Tuk 3
N
(ua) X worst case Ix=3mA
4 operation area
400 - DA
=
: N
= N
o, N
® N
o VO
5 N
o A <,
2 A~
200 - O
X
nominal operation
area
A
,_1 30
0
0 50 100 150 Vi (V) 200
()
Ay IB

PROBE CURRENTS TO INDIVIDUAL NON-CONDUCTING CATHODES

See note page 4

I
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ZM1162

I

b2 7 mwu
max (]
Ikz mA
(mA) A\ I, max =Iymax + LIy min at 3mA
combined probe current
1
min
\\‘
N
N
N
0 N
0 100 : 200 Vi (V)
] ]
2 7210975
max
I Ink
I =15mA
(mA) Iomin=I, min+ I, ,max at15mA
combined probe current
\
P \
—min
\ AN
N
0 N
0 100 1 200 Vi (V)
[ |

COMBINED PROBE CURRENT TO ALL NON-CONDUCTING CATHODES
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ZM1162

18

2
00 {;
Voo | LH
(v) kat 0/C
400
<E 330V+10%
300HS
H e i
275V+10% J—
230V +5% =] = fr—
"t £§,—/200v: 5% = 56k.01+£10%
- "
+H
=] 36kLL+10%
I=15mA
22k0210%
|£10%| | £10% +10% [£10%|
%0 20 30 40 5 60 70 Rq (kdu) 100

D.C. SUPPLY VOLTAGE AS A FUNCTION OF ANODE LOAD RESISTOR:
NON-CONDUCTING CATHODES OPEN CIRCUIT
NOTE - SUPPLY VOLTAGE/LOAD RESISTOR

The graphs on pages 7 to 9 givethe relationship between the d.c. anode supply volt-
age and the required anode load resistor for fixed values df Vi (voltage difference

between conducting and non-conducting cathodes).

Each graph is plotted on log-log graph paper; therefore a given tolerance expressed
as a percentage canbe represented as a fixed length at any point on the x and y axis.
This is shown on the graph above bytaking points on each axis with afixed tolerance.
Examples are shown on the graph above of the supply voltages and load resistors
with tolerances expressed as a percentage so as to remain within the recommended

operating region,

On page 9 details are given of the method of calculating corresponding values of

supply voltage and anode load resistor, for fixed values of Vik.

January 1970
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ZM1162
5w 7210977
Vba
(V) kaxﬂ)ov //'
400 .
/'
=z
-
L~ 1
300 > o
» /./ |~
= ~ 1 -
e
1
200 /,
//
m‘lo 20 30 40 50 60 70 Rg (kdk) 100
500 721097
Vba A
) Vi= 65V A
400
L1
|
L -
s P 4
>
I, =3mA_+"] el T
k=3mA_ e I, =15mA
T |
200 ’/’/
é/‘
100
10 20 30 40 50 60 70 Rq (k&) 100

D.C. SUPPLY VOLTAGE AS A FUNCTION OF ANODE LOAD RESISTOR
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ZM1162

500 7210979
Vbu /
v) Vikk= 50V
400 A & i
P -
P e
300 >
>
I =3mA /// «=15mA
L~
//

200
100 -

10 20 30 40 50 60 70 Rq (kdl) 100

D.C. SUPPLY VOLTAGE AS A FUNCTION OF ANODE LOAD RESISTOR
NOTE - The supply voltage/load resistor curves are derived from:
Vb, =la.Ra+Vy, (General formula)
Vb= [Tk + k] Rg + Vg
The value of Ik will depend on the bias voltage V.
Supply voltage required to work above the minimum value of Ik:
Vbg = [1.5 mA +S T max, at Ik = 1.5 mA| Ry + 158 V
Supply voltage required to work below the maximum value of Ij:

Vp, = [3.0 mA +Z I min. at I = 3.0 mA| R, + 151V

T

b3
i {5
Vik

TN

1
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ZM1170
ZM1172

INDICATOR TUBE

Long life cold cathode ten digit numeral indicator tube for side viewing.

QUICK REFERENCE DATA

Numeral height
Numerals
Supply voltage
Cathode current

Distance between mounting centres

15.5 mm
1234567890
Vba mins 1707 -V
Ix 2.5 méA

min. 19 mm

GENERAL

The numerals are 15.5 mm high and appear on the same base line allowing in-line
read out. The ZM1170is provided with a red contrast filter. The ZM1172 is identical

to the ZM1170, but has no filter.

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of ten figures and one common anode.

By applying a suitable voltage between the anode and one of the ten cathodes the cor-

responding figure will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS

Dimensions in mm

—=| @19max [=—

i
direction of &
viewing (£6°) g Ao"’
u 47.5max
a 2422 5 S+ 1
| : -
2
k7 e R e 215
i 23 4 56 76809 0@ [xi=—— ;
M 1
k1 | k3 | k5 | k7 | k9 X9
k2 k& k6 k8 kO
1230954 =) this part of the
bulb is filter tinned 38min
coated
e— $9.53 —{72095 (ZM1170 only)
120952
—=| 00.45
January 1970 T



ZM1170
ZM1172

Mounting position: any

The numerals will apear upright (within + 3°) when the tube is mounted vertically,
base down.

Soldering

The tube may be soldered directly into the circuit, but heat conduction to the glass-
to-metal seals should be kept to a minimum by the use of a thermal shunt.

The leads may be dip-soldered to a minimum of 5 mm from the seals at a solder
temperature of 240 °C for a maximum of 10 s.

Note

Care should be taken not to bend the leads nearer than 1.5 mm from the seals.




ZM1174 ZM1176
ZM175 ZM1177

INDICATOR TUBE

Long life cold cathode ten digit numeral indicator tube for side viewing.

QUICK REFERENCE DATA
Numeral height 15.5 mm
Numerals 0123456789
Decimal point see "General" ;
Supply voltage min, 170 'V
Numeral cathode current 2.5 mA
Decimal point cathode current 0.5 mA
Distance between mounting centres min. 19 mm
GENERAL

The numerals are 15.5 mm high and appear on the same base line allowing in-line
read out, The four types are electrically identical but differ in the position of the
decimal point and the inclusion of a red contrast filter.

ZM1174 Decimal point on the left hand side. Red contrast filter.
ZM1175 Decimal point on the left hand side. No filter.

ZM1176 Decimal point on the right hand side. Red contrast filter.
ZM1177 Decimal point on the right hand side. No filter.

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of ten figures and one in the form of a
decimal point, and a common anode. By applying a suitable voltage between the anode
and one of the cathodes the corresponding figure or decimal point will be covered
by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm

——— —=| P19max fe—

direction of direction of 475max™

viewing (+6°) viewing (£6°)

viewing area

l _;'.—_-_—si. 215

decimal point @15

k7 (ZM1174,ZM1175)
decimal point
@ 915 4
ZM1176,ZM1177
#) this part of the ; ;
K9 bulb is filter tinned 38min

coated
(ZM174.,ZM1176)

7210964

!
ZM1176,ZMN175 ZM1176,ZM1177 mele=00.4

Data based on pre-production tubes.
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ZM1174 ZM1176
ZM1175 ZM1177

Mounting position: any

The numerals and the decimal point are viewed through the side of the envelope.
The numerals will appear upright (within + 3 ®) when the tube is mounted vertically,
base down.

Soldering

The tube may be soldered directly into the circuit, but heat conduction to the glass-
to-metal seals should be kept to a minimum by the use of a thermal shunt.

The leads may be dip-soldered to a minimum of 5 mm from the seals at a solder
temperature of 240 °C for a maximum of 10 s.

Note

Care should be taken not to bend the leads nearer than 1.5 mm from the seals.

CHARACTERISTICS AND OPERATING CONDITIONS (at 20 ©C to 50 ©C)

Ignition voltage Vign max. 170 VvV
Mainting voltage Vm see page 3
Numeral cathode current,
recommended average Ik 2.5 mA
average (T, = 10 ms) Ik max., 3.5 mA
average, averaged over any conduction period I min, 1.5 dnA 1)
peak Ikp max. 12 mA
Decimal point cathode current
recommended average Ikdp 0.5 mA
average, averaged over any conduction period Ikdp min, 0.05 mA 2)
peak Ikdpp max., 2.5 mA
Extinguishing voltage Vext 115V
LIFE EXPECTANCY at Iy =2.5 mA and room temperature., 3)
Continuous display of one numeral > 5000 h
Sequentially  changing the display from one numeral
to another, every 100 h or less > 30000 h
LIMITING VALUES (Absolute max. rating system)
Numeral cathode current
average, T,, = 10 ms I max. 3.5 mA
peak Ikp max, 12 mA
average during any conduction period Ik min. 1.5 mA
Pulse duration Timp min, 100 s
Bulb temperature thulb max, +70 ©C
thulb min, -80 9¢ -3)

1) This value applies, irrespective of wether the decimal point is running or not.

2) These conditions are automatically satisfied when the decimal point is directly
connected to the numeral cathode carrying the main discharge. When the decimal
point is connected in this way the max. decimal point current is 0.15 mA ata
numeral cathode current of 1.5 mA.,

3) For bulb temperatures below 0 °C the life expectancy of the tube is substantially
reduced,

2 January 1970




ZM1174 ZM117

6
7

ZM1175 ZM117

7210966

200
bl g 4
D.C. operation
Vm
)
L—4max
T
T
150 T
min
S s
|t
-
100
1 2 3 Ix (mA)
ANODE-TO-CATHODE MAINTAINING VOLTAGE
AS A FUNCTION OF CATHODE CURRENT
200 120967
NN
pulsed operation
Vmp — X
(v) -
1
A min
L~ L~
L~ il
150
—
L~
/
P
100
0 5 10 Ikp (mA)

PEAK ANODE-TO-CATHODE MAINTAINING VOLTAGE

AS A FUNCTION OF PEAK CATHODE CURRENT

sl
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ZM1200

PANDICON*
INDICATOR TUBE

Long-life, multiple cold-cathode, gas-filled indicator tube for in-line numerical
display applications requiring a large number of digits (up to 14) to be displayed on
a minimum of space, e.g. in electronic desk-top calculators. To facilitatethe read-
ing of large numbers, punctuation marks can be made to appear at suitable places.

QUICK REFERENCE DATA
Numeral height 10 mm|
‘Numerals 0123456789
Number of decades 14
Decimal points to the lower right of the numerals
Punctuation marks to the upper right of the numerals
Decade pitch 10 mm
Supply voltage, peak Vbap min. 170 V
Anode current, peak Iap 9. fan
GENERAL

The numerals are 10 mm high and appear on the same base-line allowing in-line
read-out.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B17A (2x)

7210771

No undue stress should be placed on the base pins.

*Registered Trade Mark for multiple indicator tubes.
Data based on pre-production tubes.

April 1970 1
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ZM1200

i

PRINCIPLE OF OPERATION

The tube contains 10 common numeral cathode rails, one common decimal point
cathode rail, one common punctuation-mark cathode rail, a common screen and 14
decade anodes.

The application of a suitable coincidence voltage (pulse) on the cathode rail and on
one anode causes the selected numeral to light up in the desired decade. Sequential
drive of either the cathode rails or the anodes, whilst simultaneously selecting the
corresponding anode or cathode, respectively, with a minimum cycling frequency
of approximately 70 Hz allows flicker-free numerical presentation.

In a practical circuit both the "off" anodes and the "off" cathodes are to be kept in
the quiescent state by a bias voltage in such a way that they will neither act as cath-
odes nor as anodes.

The cathode numeral (with or without decimal point and/or punctuation-mark) to be
selected is to be driven negative and the anode to be selected positive with respect
to the bias.

The screen must be kept at a steady potential during operation to prevent ''cross-
talk" between the decades. (See basic circuit).

Remark: Because a gas discharge is not current limiting in itself, the electrode
currents must be limited to safe values by using resistors or (limited)
current sources.

Voo 1} ]r }0 %

| W
bias N4
On

Voo 1__H

— O~ 0"

. {f

Basic circuit

7210772

Pertinent application information is available on request.

2 November 1969




ZM1200

CHARACTERISTICS AND OPERATING CONDITIONS

Ignition voltage Vign max. 170 v
Ignition delay, first ignition Tq typ. max. 0.5 s
subsequent ignitions T4 10 us

Anode current, peak
with or without decimal point and/or

punctuation mark at Tjpp =50 us min. 6 mA
at Timp = 150 us Ip min. 3 mA
at Timp = 1000 s P min. 4 mA
Iap max. 12

Recommended pulse duration Timp 150 to 500 us

Maintaining voltage Vm see page 5

Cathode selecting voltage Vikk Elar; lég x b

"Off" anode voltage Vaott Imn;r; l?; z

Recommended screen voltage Vs 10V below Va ¢

Decimal point resistor 2) de 10 kQ+ 10%

Punctuation mark resistor 2) Rpm 10 kQ+ 10%

1) At lower values of Vkk the contrast of the display will be reduced due to glow on
adjacent numerals. This will not affect the life of the tube.
After switching the bias should be restored within 20 us.
2) The decimal point and/or punctuation mark cathode(s) may not be operated without
extra current limiting resistor.
LIFE EXPECTANCY AND RELIABILITY
The life is inversely proportional to the instantaneous value of the peak operating
current and onthe pulse repetition operating frequency. Due to the extreme longeiv-
ity this proportionality is not expected to show within the first three years of oper-
ation within the ratings.
Accelerated life tests (high peak current, frequency and duty cycle) have indicated
a life expectancy well in excess of 50 000 operating hours in a typical application.
Integration of 14 full decades and the associated interconnections ina single package
improves the mechanical reliability by a factor of 7 to 14 compared to a row of 14
individual indicator tubes.
Minimum Mean Time Between Failures is estimated to be 500 000 operating hours.

April 1970 3




ZM1200

LIMITING VALUES (Absolute max. rating system)

e § S

Anode supply voltage

Anode current, peak
each anode with or without decimal point
and/or punctuation mark at Tjpmp =50 s
at Tymp = 100 wus
at Timp = 1500 us

average (T, = 1 8)

Anode current, peak; decimal point or
punctuation mark only 2)

average (Tyy = 1 5)
Pulse duration

Cathode selecting voltage
"Off" anode voltage
| Screen voltage

| Voltage between any pair of electrodes
(operating anode excluded)

Ambient temperature

Vba

imp

Vkk

Vaos

tamb

min.
max.

min.
min.
min.
max.
max.

min.
max.

min.
max.
min.,
max.
min.
max.

min.
max.

170
220

115
70
100

120

-50
+70

mA
mA
mA

mA
mA

1) Bulb temperatures below 10 °C result in a reduced life expectancy and changes

in characteristics.
2) See page 3.
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ZM1200
I l [ 7210769
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150 - 1
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Notes see page 6
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ZM1200

Notes to page 5

1) The decimal point maintaining voltage Vmgqy and the punctuation mark maintaining
voltage Vmpm include the voltage drop at the 10 k{2 series resistor.
2) Vi max. pertains to the maximum operating temperature and assumes the deci-

mal point or punctuation mark operating.

3) Vm min. pertains to the minimum operating temperature and assumes thedeci-

mal point or punctuation mark not operating.

4) The maintaining voltage can be considered as the sum of a constant voltage anda
current dependent voltage (V/mA).

72107

230
Example:
Supply Vpq=190 +10V
Voa Tap minimum =6 mMA é‘v P,
4
O T B il miThth S
Ra minimum = 3.4kl Y 6«\'?
210 ~oSF
5 b
”
190
h"‘“p‘
A
y
>
170 2 8  Rq (k) 10

Plot of anode supply voltage versus anode resistance required to make the tube ope-
rate in a certain region (between 12 mA and 4 mA, or 12 mA and 5 mA, or 12 mA
and 6 mA), depending on pulse duration. (See "Characteristics and operating condi-

tions').
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ZM1230
ZM1232

INDICATOR TUBE

Long life cold cathode ten digit numeral indicator tube for side viewing.

QUICK REFERENCE DATA

Numeral height
Numerals
Supply voltage

Cathode current

Distance between mounting centres

15.5 mm
1234567890
Vpy - ming =570 5V
Iy 2.5 mA

min. 19 mm

GENERAL

The numerals are 15.5 mm high and appear on the same base line allowing in-line
read out. The ZM1230 is provided with a redcontrast filter. The ZM1232 is identical
to the ZM1230 but has no filter.

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of ten figures and one common anode.
By applying a suitable voltage between the anode and one of the tencathodes the cor-
responding figure will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS

direction of

Dimensions inmm
90.45

')this part of the

+6°
viewing (£6°) ¥ bulb Is filter
N 38min Yinned coated
o - (ZM 1230 only)
'Lk'l
K8 { “““
215 H
k9 $ } 5
S S == 155 22 » P
47.5max o %
>

1210887

710985

—{ P19max |l=—

|
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ZM1230
ZM1232

Mounting position: any

The numerals will appear upright (within + 3°) when the tube is mounted vertically,
base up.

Soldering

The tube may be soldered directly into the circuit, but heat conduction to theglass-
to-metal seals should be kept to a minimum by the use of a thermal shunt.

The leads may be dip-soldered to a minimum of 5 mm from the seals at a solder
temperature of 240 °C for a maximum of 10 s.

Note

Care should be taken not to bend the leads nearer than 1.5 mm from the seals.

CHARACTERISTICS AND OPERATING CONDITIONS (at 20°C to 50 °C)

Ignition voltage Vign min. 170 V
Ignition delay see page 3
Maintaining voltage see page 4
Cathode current, recommended I 2.5 mA
Cathode current for coverage,

average during any conduction period I min. 1.5 mA
D.C. operation see pages 4 to 9
Pulse operation see pages 4, 10, 11 and 12
Extinguishing voltage Vext 115 V

LIFE EXPECTANCY at [} = 2.5 mA and room temperature 5

Continuous display of one numeral > 5000 h
Sepuentially changing the display from one
numeral to another, every 100 hrs or less = 30000 h

LIMITING VALUES (Absolute max. rating system)

Cathode current (each digit),

average, T,, = max. 10 ms Ix max. 3.5 mA
peak Ix max. 12 mA
average during any conduction period Ikp min. 1.5 mA
Anode voltage necessary for ignition Va min. 170 V
Pulse duration Timp min. 100 wus
Bulb temperature thulb max. +70 ©°C
thulp ~ min. -50 °cl)

Ly For bulb temperatures below 0°C the life expectancy of the tube is substantially
reduced.

2 January 1970
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10 o TZ10988
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CUMULATIVE DISTRIBUTION OF IGNITION DELAY

This curve shows the probability that a tube will ignite in less than the time shown
after a non-conduction period of a fewperiods. The ignition delay will be appreciably
reduced when the interval between conduction periods is less than 100 milliseconds.
In general, an increase in the supply voltage will reduce the ignition delay.
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PROBE CURRENT TO INDIVIDUAL NON-CONDUCTING CATHODES

The boundaries A-A and B-B of the graphs represent, for the shown cathode current
range, the range of probe current (Ixk) to individual non-conducting cathodes plotted
against the voltage difference between the non-conducting cathodes and the conducting
cathode (ka).

For low cathode selecting voltages (V) the current Iy to the non-conducting cath-
ode will increase, and the readability conducting cathode will be affected.

It is therefore recommended to use a nominal operating point to the right of line C-C.

Under the worst operating conditions the operating point should never reach thearea
left of the line D-D.

January 1970 5
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COMBINED PROBE CURRENT TO ALL NON-CONDUCTING CATHODES

Sum of the probe currents to the non-conducting cathodes ( Igk)plottedagainstthe
voltage difference between the non-conducting cathodes and the conducting cathode
(Vkk), showing the minimum and maximum values of probe current for a particular
cathode current (Ik)'
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SUPPLY VOLTAGE/LOAD RESISTOR

The graphson pages 8, 9 and 12 give the relationship between the anode supply volt-
age and the required anode load resistor for fixed values of Vi (voltage difference
between conducting cathode and non-conducting cathodes).

Each graph is plotted on log-log graph paper; therefore a given tolerance expressed
as apercentage can be representedas a fixed length at any point on the x and y axes.
This is shown on the first graph by taking points on each axis with a fixed tolerance.

Examples are shown on the first graph of the supply voltages and load resistors with

tolerance expressed as apercentage so as toremain withinthe recommended opera-

ting region.

The curves are derived from: -
Vb =la -« Ry +V

Iy = Ix + 2k

Vba = (Ix +Elkk) Ra + Vm

For a givenvalue of Ry, the minimum supply voltage limit to ensure that the cathode
current exceeds Iy min. is given by:

Vba min. = [Ik min. +%5 I max. (at I min.):l R, + V, max. (at Ik min.)
For the same value of Ry, the maximum supply voltage limit to ensure that the cath-

ode current does not exceed Ix max. is given by:

Vba max. = [Ik max. +X I min. (at I max.)] R, + Vi, min. (at Iy max.)

7210986
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OBSOLESCENT TYPE

4662

INDICATOR TUBE

DIMENSIONS AND CONNECTIONS

ap

7206702

OPERATING CHARACTERISTICS

Ignition voltage of auxiliary anode

Auxiliary anode current

Maintaining voltage of main anode

Main anode current

Dimensions in mm

(o)

M 7206701

Vign 165 to 190 V

Lo 40 to 50 upA
Vm 150 to 170 V
Ia max. 2 mA

April 1970
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Trigger tubes and switching diodes



Ml

ZA1002
ZA1004

RECOMMENDED TYPES FOR NEW EQUIPMENT

Switching and light diodes




RATING SYSTEM

( in accordance with LLE.C. publication 134 )

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating and environmental
conditions applicable to any electronic device of a specified type as defined by
its published data, which should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking no responsibility for equipment variations, en-
vironmental variations, and the effects of changes in operating conditions due to
variations in the characteristics of the device under consideration and of all
other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life,
no absolute-maximum value for the intended service is exceeded with any device
under the worst probable operating conditions with respect to supply voltage
variation, equipment component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and variations in charac-
teristics of the device under consideration and of all other electronic devices
in the equipment.

Hifll

March 1967 1






Z70U

TRIGGER TUBE

Subminiature cold cathode trigger tube with electrical priming. The tube has a
molybdenum cathode and is designed for operation with positive voltages on its
anode and starter in applications as counters, shift registers, pulse generators,
general relay service and timers.

During conduction a red neon glow is visible through the base.

QUICK REFERENCE DATA
Anode supply voltage Vba = 250 V
Anode to cathode maintaining voltage Vm = 146" ¥
Maximum average cathode current Iy = 5 mh
Starter to cathode ignition voltage VStign =145 V
Min. starter capacitance required for transfer Cgt = 100 pF
Max. counting speed in decade counter = 5 kHz

DIMENSIONS AND CONNECTIONS
max 10,16

Ny —
wy T
pra st "

k ) 0439 7263401
7202879 7201609 "ﬂu*

max235

min33

MOUNTING

1. Directly soldered connections to the leads must be at least 5 mm from glass
and any bending of the leads must be at least 2 mm from the glass.

2. When soldering into the circuit the heat conducted to the glass should be kept
to a minimum by the use of a thermal shunt on the leads.

3. The leads may be dip-soldered to minimum 5 mm from the glass at a solder
temperature of 240 °C during maximum 10 seconds.

March 1969 1



Z70U

MOUNTING (continued)

4. The starter and priming cathode circuit resistors and capacitors should be
mounted close to the tube.

5. The tube may ignite spontaneously when mounted in an electric field, the
probability of igniting being dependent on the field strength (direction and
magnitude) and its rate of change. Touching the envelope by live components
should be avoided, and it is recommended to maintain a distance between
components or electrostatic shields and any part of the envelope of at least
some mm.

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
(over life and full temperature range unless otherwise stated)

All values quoted assume the presence of a priming discharge which should be
ensured during stand-by and conduction. This discharge has a typical max. igni-
tion delay of 0.1 sec at Vi, -pr = 200 V.

Stand-by (main gap non conducting)

Anode to cathode voltage

positive (Vgt >0 V, Ig <0.5uA) vV, = max. 310 V1)

See also sheet 10

negative (Vg¢ = 0 to 100 V, Igr = 0 mA) V4 = max. 50 V
Anode to primer supply voltage Vba-pr = min. 200 V

; = min. 1 upA
Primer current Ipr = snam, 12 P

Primer maintaining voltage See sheet 12

Starter to cathode voltage to ensure non

ignition
positive, at Vi, =300 V, see also sheet 7 Vst = max, 135 V 2)
negative, at Vpy = 300 V Vgt = max. 30 V3)
at Vpy =200 V Vgt = max. 50 V3)

Starter current

positive See sheet 10

negative = 0 uA
Starter to cathode maintaining voltage
(Ist = 30 pA, Ia =0 mA, see also sheet 10)

typical minimum Vmst = min. 105 V

March 1969
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Z70U

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN (continued)

Ignition 4)
Anode to cathode voltage Nz = min. 200 V
. = min 1 pA
Primer current Ipr = mgx, 12 §A
D:C. Eiggering
Starter to cathode voltage above which all
tubes ignite (Vp, = 250 V) (See sheet 7)
initially VSfign = min. 153 V
typical over life VStign = min. 155 V7) —
Typical max. change over life AVStign = £3 V7) —_—
Typical max. temperature coefficient of AVsti
starter ignition voltage L -25 mV/°C
Alpulb
Starter to cathode capacitance to ensure 8
transfer (See sheet 7) Cgt = min. 100 pF ")
Starter to cathode maintaining voltage
(ISt = 30 uA, I, =0 mA, Seealsosheet 10)
typical max. Vmst = max. 128 V
typical min. Vmst = min. 105 V
Pulse triggering
Starter to cathode pulse + bias voltage
above which all tubes ignite (Vpg = 250 V,
Timp = 20 us)
initially Vstp = min. 172 V 2)3)
typical over life See sheet 11
Typical max. temperature coefficient of AVStign N &
starter ignition voltage Atpulb =25 mV/™C
Starter coupling capacitance to ensure
transfer Cgt = min. 100 pF %
Typical anode breakdown delay = S us 5)
523999989 see page 5
March 1969 3
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illf

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN (continued)

Main gap conducting

During conduction a neon glow is visible through the base.

Static anode to cathode maintaining voltage

at Ty = 3.5 mA (See also sheet 8) Vm = min. 111 V%
initial max. Vm = max. 120 V 4)
typical over life Vip = max. 122V 4)
Min. cathode current during any conduction
period Ix = min. 2 mA
Max. average cathode current (Tay max.
=5 s) Ik = max. 5 mA
Max. peak cathode current (See also sheet
12) Ikp = max. 200 mA
Starter current See sheet 11
positive average (Tay max. = 5 S) Ist = max. 3 mA
positive peak Istp = max. ' 100 mA
negative when d.c. triggering is used =Igt = max. 10 pA 7)
negative when pulse triggering is used -Ist = max. 120 A 7)
Rise in bulb temperature Atpylp = approx. 8 °C/mA
Extinction
Forced extinction
Anode circuit recovery time constant = min. 200 s 6)

Self extinction

Typical minimum component values to ensure
self extinction of the main discharge

Car = 100 pF
Rgt = 1.2 MQ
Cx = 330 pF
Ry = 1.8 MQ

4 March 1969




Z70U

LIFE EXPECTANCY 7)

Provided the operating recommendations are observed a life in excess of 30.000
operating hours may be expected with a failure rate of 0.1 % per 1000 h.

1) This value for maximum anode voltage holds for cathode currents up to 6 mA.
At cathode currents above 6 mA the maximum anode voltage is reduced with
4 V per additional mA. The normal value of 310 V will be restored within
30 s after cessation of conduction.

2) At anode supply voltageshigher than 270 V, spurious ignitions may occur if a
large amplitude pulse (higher than 100 V) with a steep leading edge which is
not intended to ignite the tube reaches the starter.

3) In some circuits differentiation may give rise to negative pulses on the star-
ter. Care must be taken not to exceed the limiting value for -V,.

4y Immediately after ignition a voltage considerably lower than the published
maintaining voltage may occur across the tube. Thus the output pulse may
be higher than the difference between the supply voltage and the static main-
taining voltage. Care should be taken to sustain the priming discharge.

5) The anode breakdown delay is given under the following conditions: Starter
overvoltage 50 V, Rgy = 1.2 M2, Cg = 100 pF, Vpa = 200 to 300 V.

6) The anode recovery time is the time required after interruption of the anode
current for the starter to regain control. The figure quoted is the minimum
required value of the time constant RC determining the rate of rise of the
anode voltage.

7y To achieve the maximum stability over life the following operating notes

should be observed:

a) Repetitive ignition via the starter to cathode gap is recommended.
The frequency of these ignitions should preferably be higher than once per
minute.

b) Negative starter current should be kept to a minimum.

c) Periods during which negative starter current is drawn shall be kept as
short as possible.

d) It is recommended that peak currents should be allowed to flow immedia -
tely after ignition. This can be done by the use of by-pass capacitors.

e) In general pulsed cathode currents are preferable to d.c.

8) It is recommended to use higher values of Cgt at low anode supply voltages
e.g. 1 nF at Vpa =200 V.

9) Where possible (at low frequencies) a larger starter capacitor than the spec-
ified minimum should be used.

10) Adequate cooling should be provided. Envelope temperature rise above am-
bient at Iy = 20 mA is abt. 160 °C.

March 1969 5
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LIMITING VALUES (Absolute max. rating system)

Anode voltage

negative (Vg = =50 to +100 V, Ig = 0 pA) -V, = max. 50 V
(Ig; > 0 pA) -V, =max. 0 V
Starter voltage
negative at Vpg = 300 V -Vst = max. 30 V
at Vpg = 200 V -Vgt = max. 50 V
Cathode current, average during conduction
period Iy = min. 2 mA
average (Tay max. = 5 s) Ix = max. 5 mA
peak (See also sheet 12) Ikp = max. 200 mA
Starter current
positive average (Tay max. =5 S) I = max. 3 mA
peak Istp = max. 100 mA
negative, main gap conducting
when d.c. triggering is used =Igt = max. 10 upA
when pulse triggering is used -Ist = max. 120 upA
main gap non conducting -Igt = max. 0 upA
Primer current Ipr = max. 12 pupA

Envelope temperature
= max. 100 °C

tube conducting thulb _ min. -55 OC
- o
storage and stand-by thulb - 2?:: _;g Og

LIMITING VALUES (Absolute max. rating system) for reduced life expectancy
(4000 operating hours)

If reduced life expectancy can be tolerated the following limiting values apply:

Cathode current

d.c. Ik = max. 20 mA

half-wave rectified a.c., average Iy = max. 8 mA

peak (Tiax . = 20 ms) Ikp = max. 32 mA
Envelope temperature thulb = max. 200 °C 10)

6 March 1969
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OBSOLESCENT TYPE

Z71U

TRIGGER TUBE

Cold cathode trigger tube with two starters designed for operation with positive

voltages on anode and starters. The tube is intended for use in counting circuits,

switching circuits and speech passing circuits in telephone exchanges. When con-
ducting, the tube has a low noise level and a low impedance to speech frequen-

cies.

QUICK REFERENCE DATA

Anode supply voltage Vba 150 V
Maintaining voltage Vm 60 V
Cathode current,
continuous I 7 mA
intermittent Ix 9 mA
Starter ignition voltage (either starter) Vstign 80 V
Starter transfer current (either starter) Igt 40 pA
DIMENSIONS AND CONNECTIONS Dimensions in mm
94-10.19
w0
N
5
E
v

, g,
in 32

5l
N
gl
8
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Z803U

TRIGGER TUBE

Gas-filled cold cathode trigger tube with electrical priming, and stable ignition
characteristics, designed to be ignited only with positive voltages on the anode
and starter intended for voltage control, sensitive relay applications, timers.

QUICK REFERENCE DATA

Anode supply voltage Vba 240 V
Anode maintaining voltage Vi 105 W
Max. average cathode current I 40 mA
Starter to cathode ignition voltage Vst ign 132V

Starter transfer requirements

capacitance Cst 500 pF
current It 45 uA
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN
(Initial and during life)

All values stated assume the presence of a priming discharge unless otherwise
stated. This priming discharge can be established as follows:

Primer supply voltage 7) Vbpr rrgi)f fgg X
Recommended primer resistor 8) Rpr 10 MQ
Primer to cathode maintaining voltage Vmpr 100 Vv
Primer current Ipr 2to 25 uA

7)8) See page 5.
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A. STAND-BY (Main gap non-conducting)
Anode voltage, 1)
positive at Ikay < 25 mA, Igp < 100 mA 2) Va
at Iy > 25 mA and/or Ixp > 100 mA 3)  Vu
negative ~Va
Starter to cathode voltage,
positive Vst
negative =Vgt
Anode to starter voltage,
positive Va st
negative -Vg st

Starter pre-ignition current, 0)

at Ipr = 2to 25 uA Ist
at Ipr = 0 uA Ist
B. IGNITION
Anode voltage Va

Starter to cathode ignition voltage (V4 = 280 V)

Initial 9) Vst tgn
Max. variation during life AVst ign
Max. decrease of starter-to-cathode ignition
voltage (V4 changed from 170 to 290 V) AVst ign
Starter to cathode maintaining voltage Vst m
Starter series resistance (Ipy = 2 to 25 uA) Rgt
(Ipr = 0 nA) Rgt

1)2)3)5)6) see page 5.

max.

max.

max.

max.

4 x
5x

min.

min.

max.

max.

max.

max

290 V
250 V
90 V
125 V
7 ¥
290 V
140 V
10~8
10-10
170 'V
137 'V
128 V
+2 %
1.5 V
95 V
100 M2
. 1000 M
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B. IGNITION (continued)

Transfer requirements

Starter -to-cathode capacitance for transfer

(limiting resistor = 0 to 2.2 kQ) 9)

Va=170V Cgt

Va =200V Cgt

Va=240V Cst
Starter limiting resistor 9)

Cst < 4700 pF Rst

Cst = 4700 to 15000 pF Rst

Cgt > 15000 pF Rgt
Starter current required for transfer

V,=240V Ist

V=170V Ist
Ignition delay (Ipr = 2 to 25 uA; Vst = Vst jgn + 0.5 V)

(see curve) gy = 0uh; Vgt = Vet jgn+ 4V)

C. MAIN GAP CONDUCTING
Anode maintaining voltage (Ix = 10 mA) 4) and page 7 Vi

Cathode current,

average (T,y = 15 s) Ix
(Tay = 20 ms) I
peak (50 Hz duty or repetitive operation) Ikp
(max. duration = 1 ms) Ikp
average during any conduction period Ik
Starter -to-cathode maintaining voltage Vm st

Starter current,
positive peak Istp

negative 10)

4)9)10) See page 5.

min.

min.

. 2700
. 1000

500

2.2
5.6

25
500

105

25

40
200

95

pF
pF
pF

5 5.7

MA
HA

mA
mA
mA

mA

mA
mA
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I

D. EXTINCTION

Components for self-extinguishing circuits (Vpg = 290 V)
Ca-k = min. 2700 pF (R1im = 1 k2)
Cst-k = min. 500 pF

Rg = min. 1 MQ

Rgt = min. 1 MQ
Recovery time (at Ikp = 8to 20 mA) 3.5 ms
(at Ikp = 20 to 100 mA) 12 ms

LIMITING VALUES (Absolute max. rating system)

Anode voltage,
positive Va max. 290 V
negative (Ist = 0 mA) =Nz max. 90 V

Cathode current,

average (T4y = max. 15 s) I max. 25 mA
(Tav = max. 20 ms) Ik max. 40 mA

peak (50 Hz duty or repetitive operation) Ikp max. 200 mA
(max. duration = 1 ms) Ikp max. 1 A

Average cathode current during any
conduction period Ik min. 8 mA

Negative starter -to-cathode voltage
(Ix = Ig¢ = 0 mA) =Vgt max. 75 V

Peak starter current,

positive Istp max. 8 mA

negative (Ix = 0 mA 10y ‘Istp max. 0 mA
Anode-to-starter voltage, (Ix = 0 mA)

anode positive Va-st max. 290 V

anode negative =Va-st max. 140 V

10y see page 5.
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NOTES

L

2.

'

wn

10.

In applications where a high alternating voltage exists between the cathode
and the tube surroundings, it is recommended that the tube be enclosed in a
screening can which should be connected to cathode.

With an average current of the order of 15 mA or above and the tube con-
ducting for a period in excess of 5s, the anode ignition voltage may be tem-
porarily reduced to below 290 V and will not return to the initial value until
after a recovery period of 20 s.

. In self-extinguishing circuits with currents up to 200 mA, the max. supply

voltage may be 290 V d.c.

In this tube, oscillations of up to 10V peak-to-peak are superimposed on the
maintaining voltage. Due to this effect the measured value of maintaining
voltage will depend on the circuit conditions. These oscillations are of no
significance in normal applications.

After a period of conduction, the starter ignition voltage is depressed: how -
ever, the effect isreversible and the ignition voltage will return to its initial
value after a recovery period with the tube non-conducting.

The magnitude of the final depression is dependent on the cathode current
during the conduction period, and is reached in an exponential manner. The
curves on sheet 8 give the formation and recovery of the depression at var-
ious cathode currents for a nominal tube.

In a repetitive circuit where the non-conducting period is short compared
with the recovery time constant (e.g. 50 Hz operation), the depression can
be iobtained from the curve by using a direct current equal to the mean cur-
rent passing through the tube.

. In applications where pre-ignition current 4 x 108 Ais required the primer

should be left disconnected. In this case, the starter-to-cathode gap ioni-
sation time may be of the order of seconds.

A period of the order of several seconds may elapse between the application
of supply voltage to the primer and the establishment of a priming discharge.

. The resistor between the primer and the supply voltage must be soldered

directly to pin 6 of the tube socket. Stray circuit capacitance at the primer
must be kept to less than 4 pF.

. This is the sum of any resistors in the capacitance discharge circuit and

may include a cathode resistor.

Negative starter current will flow during anode-to-cathode conduction in any
circuit in which the starter is returned via a resistor to a potential with re-
spect to cathode whichisless than the starter -to-cathode maintaining voltage.
It is preferable that the circuit should be designed to avoid this condition by
keeping the starter supply voltage greater than the starter maintaining volt-
age. In those applications where this cannot be achieved, the maximum anode
supply voltage must be reduced from 290 to 250 V and the magnitude of the
negative starter current must be less than 1% of the cathode current.

o
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LIFE EXPECTANCY years 1 2 3 4 6 810

The curves show the life expectancy when the tube is run continuously at room
temperature.

During periods of non-operation at room temperature the characteristics of the
tube remain substantially constant. The total life expectancy in any given appli-
cation is the sum of the non-operating periods and the operating life obtained
from the curve.

For a given value of cathode current, it is estimated that 80% of all tubes will
remain within the end points concerned for longer than the time shown.

The time during which the starter ignition voltage will remain within +2% of its
original value, when the tube is operating continuously at room temperature
from a half-wave rectified supply, is dependent on the peak cathode current
passed. Curve A shows the relationship between the peak current and the ex-
pected time for which the starter ignition voltage will remain within these limits.
After this time the starter ignition voltage will fall steadily and the times at
which it can be expected to have fallen by 4 and 8% are shown by lines B and C
respectively.

Curve B shows the estimated length of time for which the change of starter
ignition voltage can be expected to remain within +2% when passing direct cur-
rent at room temperature.

In self-extinguishing circuits with Ikp < 200 mA and Ix < 0.8 mA, the change of
starter ignition voltage can be expected to remain within +2% for more than
30000 hours.
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OBSOLESCENT TYPE ZA1001

SWITCHING DIODE
i
Cold cathode gas-filled subminiature switching diode with a constant difference i
between ignition- and maintaining voltage intended for use as relaxationoscil-
lator tube e.g. in electronic musical instruments. '
This tube is shock and vibration resistant. !
QUICK REFERENCE DATA
Ignition voltage Vign = 128 V —
Difference between ignition and maintaining voltage ‘ =, 85 -V —
OPERATING PRINCIPLE :
The tube contains two electrodes : a rod shaped cathode and a concentric anode. :
In a suitable circuit with a series resistor and a parallel capacitor a sawtooth
voltage becomes available. 5‘
DIMENSIONS AND CONNECTIONS |
|
Colour code type indication on pinch : brown dot ‘
w0 !
w
x
o
E
1y This part of the leads is not tinned.
MOUNTING
The tube may be soldered directly into the circuit but heat conducted to the
glass to metal seals should be kept to a minimum by the use of athermal shunt.
The leads may be dip-soldered to a minimum of 5 mm from the seals at a sol-
der temperature of 240 °C during max. 10 s.
Care should be taken not to bend the leads nearer than 1.5 mm from the seals.
L
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LIMITING VALUES (Absolute max. rating system)
Negative anode peak voltage -Va = max. 100 V

min. =55 0C
= max. +70 ©C

Bulb temperature tbulb

2 OBSOLESCENT TYPE April 1970




ZA1002

SWITCHING AND LIGHT DIODE

Cold cathode neon filled subminiature switching and light diode with a large
and stable difference between ignition and maintaining voltage intended for low
speed switching and counting e.g. in combination with CdS photo sensitive de-
vices. The tube is shock and vibration resistant.

QUICK REFERENCE DATA

Ignition voltage

A" ign 170 V
Maintaining voltage Vin 109 Vv
Cathode current Ix 3.9 S

OPERATING PRINCIPLE

The diode contains a rod shaped molybdenum cathode and a concentric gauze
anode. By applying a suitable voltage between the electrodes, a glow discharge
occurs and its red light is available outside the tube.

DIMENSIONS AND CONNECTIONS Dimensions in mm

Colour type indication on pinch: red dot.

Y

©

min18 %'
: 0

a -— = -
k il ';>
a ko=

[51max65

& 6

max1.5n" max25
il boooo

0F 2 g T

7203146

MOUNTING

The tube may be soldered directly into the circuit but heat conducted to the
glass to metal seals should bekept toa minimum by the useof a thermal shunt.
The leads may be dip-soldered to a minimum of 5 mm from the seals at a sol-

der temperature of 240 °C during max. 10 s. Care should be taken not to bend
the leads nearer than 1.5 mm from the seals.

1) This part of the leads is not tinned.
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

(Valid over the first 15000 hours operation within the preferred current range
and at tamp = room. The electrical characteristics are independent of ambient

illumination).
Non conduction

Anode voltage below which ignition

will not occur in any tube Vign min 163 V
Insulation resistance Tisol > 300 MQ
Ignition

e Anode voltage to ensure ignition Vign max 178 VvV

TR

= Ignition delay See page A and B
Typical max. individual variation

of ignition voltage during life AVign Z- ® N
Typical temperature coefficient of

ignition voltage, averaged over AV

the range -55 °C to +70 °C gn < +15 mV/°C

o Atpulb . /
Conduction
Cathode current, average during any
conduction period Ix > 2.2 mA
average (Tyy = max. 1 s) Ix < 4.5 mA
peak (See "Reliability and
life expectancy) Ikp < 50 mA
- L Atpylb o
ypical rise in bulb temperature AT 10 °C/mA
Maintaining voltage See page A
Typical max. individual variation 42

of maintaining voltage during life AV, < _ 4 v
Typical max. temperature coefficient

of maintaining voltage, averaged over AV

the range -55 °C to +70 °C m < 415 mV/°C

. Atpulb -
Light intensity 1)2) E > 20 lux/mA
Typical variation of light intensity AE < -3 %/1000 h
1)2) see page3
) March 1969
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Extinction

Typical min. RC components to ensure self extinction at Vi, =250 V for differ-
ent values of current limiting resistance Rqg.

vl,o._<g
= Rg | Of 1| 10]47]100]| ke
. & Ra | 1] 1|1.5] 2| 3[wme
| R c | s|22| 22|22] 22|nF

7204769

RELIABILITY AND LIFE EXPECTANCY

Reliability has been assessed in a life test programme totalling 5.100 tube
hours on 400 tubes. The longest test periode being 15000 hours on 100 tubes.
A total of 7 failures result in a failure rate of better than 0.15% per 1000 h.
This failure rate is not expected to increase over the next period of 15000 h.
Life expectancy: 30000 operating hours within the preferred current range
or
2.4x100 ignitions discharging a capacitor of max. 16 uF with
suitable series impedance to limit the peak current to max.
50 mA.

1y Light intensity measured over an angle of 70° at a distance of 3.6 mm from
the tube axis opposite the anode cylinder.

2) Measured with a Standard Weston Cell adopted to eye sensitivity.
Because the light emission of the neon discharge is mainly contained in the
red region, the illumination resistance of a CdS cell will be 1.5 to 2 times
lower than in case of irradiation by a 2700 °K incandescent light source. The
exact conversion factor depends on the type of CdS cell used.
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LIMITING VALUES (Absolute max. rating system)

Cathode current, average for continuous conduction Ix  min. 2.2 mA Iy
average (T,y = max. 1 s) I max. 4.5 mA 1)
peak Ikp max. 50 mA

Anode voltage, negative peak -Vap max. 200 V

. _ o

Bulb temperature thulb i =

max. +70 ©OC

Altitude h max. 24 km

SHOCK AND VIBRATION RESISTANCE

These conditions are solely used to assess the mechanical quality of the tube.
The tube must not be continuously operated under these conditions.

Shock resistance 500 g

Forces as applied by the NRL impact machine for electronic devices caused
by 5 blows of the hammer lifted over an angle of 30° in each of 4 positions of
the tube.

Vibration resistance 2.5 g(peak)

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of
3 directions.

1) Current excursions down to 1 mA and up to 5 mA are permitted under con-
ditions of e.g. extreme supply voltage variations. The excursion times
should preferably be as short as possible but never exceed 24 hours.

4 March 1969



ZA1002

7204700-26.1gjjb
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GAS FILLED INDICATOR DIODE

Shock and vibration resistant cold-cathode gas-filled subminiature diode with
visible glow-discharge for read-out purposes.

The tube contains two electrodes, a rod shaped molybdenum cathode and a con-
centric gauze anode.

APPLICATION

Indicator in low voltage transistor circuits. The diode can be used in combina-
tion with CdS photoconductive cells and it can be controlled by voltage signals
down to 3 V.

QUICK REFERENCE DATA

Ignition voltage Vign = 90 Vv

Extinction voltage Vext > 83.5 V

Cathode current Ik = 1 mA

Light intensity at Ix = 1 mA E = 60 lux
MECHANICAL DATA . w Dimensions in mm
Type indication on min18 : %

e E

pinch: yellow dot. 8 2 — =

max15"

04® ﬂé

MOUNTING

The tube may be soldered directly into the circuit, but heat conducted to the
glass-to-metall seals should be kept to a minimum by the use of a thermal shunt.
The leads may be dip-soldered to a minimum of 5 mm from the glass-to-metal
seals at a solder temperature of 240 °C during max. 10 seconds.

If the tube is held in its position by the leads only, the connection of both anode
leads is recommended.

Care should be taken not to bend the leads nearer than 1.5 mm from the seals.

l) Not tinned
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SHOCK AND VIBRATION RESISTANCE

These conditions are solely used to assess the mechanical quality of the tube.
The tube must not be continuously operated under these conditions.

Forces as applied by the NRL impact machine for electronic devices caused by
5 blows of the hammer lifted over an angle of 30° in each of 4 positions of the
tube.

Vibration resistance 2.5 g (peak)

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of
3 directions.

CHARACTERISTICS

Valid over 15000 operating hours within the preferred current range and at room
temperature unless otherwise stated.
The electrical characteristics are independent of ambient illumination.

Non conduction

Anode voltage below which ignition

will not occur in any tube Vignmin., = 88 V
Insulation resistance Tisol > 300 M@
Ignition
Ignition voltage,
upper limit Vignmax. = 93 VvV l)
individual variation during life AVign < 2,5V
Ignition delay at Vp, = 93 V Tdelay £ 0.05 s 2)
Temperatur.e cpgfficient of AVign ” -15 mv/°C 3)
ignition voltage Athulb

Reignition voltag‘e' in case of full - < 10{ A% 2

wave rectified a.c. supply > 96.5 V

1y The ignition and extinction voltage depression (hysteresis) is max. 0.75V

per mA prior current measured 50 ms after cessation of conduction.

2y Due to the statistical nature of ignition delay values of delay time > 1 s may
occasionally occur.

Characteristic range value for equipment design.

4) These values apply to 220 V (+10 %, =15 %), 50 Hz to 60 Hz full-wave rec-
tified unsmoothed supply and assume conduction in the course of the preceed-
ing half cycle, so that residual ionization eliminates delay of the following
ignition.
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CHARACTERISTICS (continued)

Conduction

Cathode current,

preferred range

peak

Maintaining voltage

Individual variation during life

Temperature coefficient of
maintaining voltage

Rise in bulb temperature

Light intensity,

individual minimum, measured over
an angle of 70° averagedover the full
circumference of the tube

Extinction

Extinction voltage

See note l) page 2

Vi —

120337 ¢_20MS p

Ik
Ikp
Vm

AV

AVm
Atbulb

Atpulb
Al

Vext

Vext —075V/mA

0.4 to 2 mA S')
3 mA
86V +4.25 V/mA
83V+ 2.5 V/mA /)
1.5 Vv
-15 mv/oc 3
10 °C/mA
30 lux/mA 8%
60 lux/mA 8)9)
83.5 V 1y

—Vign—075V/mA

5) Current excursions during ignition and extinction are not taken into account.

6) Valid within the range 0.1 mA to 3 mA.

7y Valid within the range 0.2 mA to 3 mA. Between 0.05 mA and 0.2 mA
Vmmin, = Vext = 83.5V.

8) Light intensity at a distance of 3.6 mm from the tube axis opposite the anode
cylinder, measured with a standard Weston cell adopted to eye sensitivity.
Because the emission of the neon discharge ismainly contained in the red re-
gion the illumination resistance of a CdS cell will be 1.5 to 2 times lower
than in case of irradiation by a 2700 °K incandescent light source. The exact
conversion factor depends on the type of CdS cell used.

9 At least 90% of the tubes will meet the figure stated.

(L[l
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RELIABILITY AND LIFE EXPECTANCY

The electrical characteristics have been assessed in alife test programme, to-
talling 3.0x 100 tube hours with no failures, denoting a failure rate of better than
0.1 % per 1000 hours. The maximum test period was 19000 hours on 22 tubes.
This failure rate is not expected to increase over the first 25000 hours of con-
tinuous operation within the preferred current range.

LIMITING VALUES (Absolute maximum rating system)

Cathode current, averaging time = 5 s Ik = max. 2.5 mA
Cathode current during conduction Ik = min. 0.1 mAl

R Cathode current, peak Ik = max. 3 mA

e P

=== Anode voltage, negative peak ’Vap = max. 70V

P = min. -55 °C
Bulb temperature thulb - max. 70 9C + 10 OC/mA
Altitude h = max. 24 km
READ-OUT CIRCUIT BISTABLE MULTIVIBRATORS
Principle of operation
The figures 1 and 2 show equivalent circuits for bistable multivibrators, equip-
ped with p-n-p- and n-p-n transistors respectively, to which a read-out circuit
has been added. The transistors are replaced by ideal switches, the voltage
source VT represents the available voltage that controls the diodes 2) and R
is the output resistance as measured at the collector of the cut-off transistor.

| ’ l " Tk

| e bege ns

| vibrator 1

i read-out

Cerrn il LS circurt

i

| .

‘f read-out

| circuit

‘ e }bistqble

1 3 multi-

' 3 I vibrator

| k 0

| Ve- : e : g

| Fig. 1 Fig. 2

' 1y Current excursions down to 50 uA with a duration < 1 s are permitted.

" %) V1 = Ve.o. -~ Vgat (V) in which

| Ve.o. = voltage between collector of the cut-off transistor and the common

| terminal (absolute value).

| Vgat = voltage across the bottomed transistor (absolute value).

|

=
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READ-OUT CIRCUIT BISTABLE MULTIVIBRATORS (continued)

Correct read-out is obtained when only the diode corresponding to the bottomed

transistor conducts. For this the following conditions must be met: 1)

(I) Ignition of the correct diode, corresponding to the bottomed transistor,
when the other diode is conducting.

Thus: Vmmin. +IkRT + VT > Vignmax,

10 - VT v)

Rr+2.5 (KR)

(I) Extinction of the diode corresponding to the cut-off transistor, when the
correct diode is conducting.

resulting in I >

for Ix > 0.2 mA

Thus: Vmmax. = VT < Vextmin,

Vo - 2.5 (\%)
S (kS2)

resulting in Ix < for Iy > 0.1 mA

(III) Non-ignition of the diode corresponding to the cut-off transistor when the
correct diode is conducting.
Thus: Vmmax. - VT < Vignmin,

. VT+2 (V)
resulting in I < ——

These conditions are shown graphically on page A below.

forIk> 0.1 mA

Condensed instructions for designing the read-out circuit. 2y

The following directives are based on the requirement that correct read-out
shall be ensured under worst case conditions, after the instant that the bistable
circuit has reached its final stationary state. It is irrelevant whether the read-
out diodes follow the changes of state of the multivibrator during its dynamic
operation or not.

A choice can be made between the following modes of operating the diodes,
namely by means of:
(A) a constant direct current
(B) a constantdirect currenton whicha pulseis superimposed prior to reading-
out. Three kinds of pulses are possible:
a) a positive going pulse;
b) a negative going pulse;
c) a positive going pulse followed by a negative going one
(C) an unsmoothed current supplied by a full wave rectifier.

1) It is assumed that the supply voltage Vg exceeds the ignition voltage of the
gas diodes, so that ignition of at least one diode is ensured; the most ad-
verse situation being that only the wrong diode conducts.

2) For a detailed analysis of the design procedure please apply to the manufac-
turer.
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Fig. 3

}
| READ-OUT CIRCUIT BISTABLE MULTIVIBRATORS (continued)
In fig. 3, schematically representing these waveforms, the required minimum
duration of the superimposed pulses is indicated;
tg denotes the instant at which the bistable circuit reaches its final state.
A B C
V. =
f / s 50 ,G\O Hz
! A
\
| \
|
—_— - { e e
e | |
e s d
pre—— >is ts >ls
‘ a b ¢
i

The conditions to be obeyed by the current Iy are specified in the table below :

Values of Iy

Mode of operation lower | upper Vo
limit | limit
(A) constant direct current I (1)) > 5V
(B) direct current with superimposed:
(a) positive going { steady state current = (In) } >4.5V
pulses pulse current (0] -
(b) negative going { steady state current (1)) (III) } > 3V
pulses pulse current - (In
(c) positive and steady state current - (111)
negative going { positive going pulse @ = > 3V
pulses negative going pulse = (1)
(C) rectified alternating current,
peak value of I 0)) @y | >4.5v 1Y

This table should be read in conjunction with the specified recommended
operating conditions and limiting values.

1y Since both diodes are extinguished at the end of each half cycle of the supply
voltage, condition (II) is not required, and is replaced by the condition that
only the correct diode will reignite. The lower limit is thus given by the
spread of the reignition voltage (e.i. 4.5 V).
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READ-OUT CIRCUIT BISTABLE MULTIVIBRATORS (continued)

The minimum available value of VT being known, the points of intersection with
the curves I, II and III on page 8, and hence the limits of Ik (Ik[, Ijgr and Iy
can be determined. This having been done, the required values of Vgmip and
Rg can be evaluated from the following expressions: l)

VSmin - Vignmax
RSmax

= Ik1 @

VSmax - Vextmin - VT
RSmin

1

Ik1r (2

VSmax - Vignmin - VT _q
In these expressions the suffices min and max denote the worst case limits of
the quantities concerned.

For mode of operation (C) the peak value of the supply voltage must be substi-
tuted for Vg in the above expressions.

l) The use of equivalent circuits for establishing the exact conditions I, II, and
III leads to a negligible error in the expressions (1), (2) and (3).
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OBSOLESCENT TYPE ZA1005

SWITCHING DIODE

Cold cathode gas-filled subminiature diode with pure molybdenum electrodes
designed for firing of silicon controlled rectifiers.

QUICK REFERENCE DATA

Circuit see fig.2

Ignition voltage, forward 125 V

Peak current, forward

170 mA

DIMENSIONS AND CONNECTIONS Dimensions in mm

Type number indication on pinch: green dot

Glass dot on pinch
indicates anode lead

€ n
8%
int %
minl18 > £
—— >L L
a=—10
6
max 15 n-J max25

MOUNTING

The tube may be soldered directly into the circuit, but heat conducted to the
glass-to-metal seals should be kept to a minimum by the use of a thermal
shunt. The leads may be dip-soldered to a minimum of 5 mm from the glass-
to-metal seals at a solder temperature of 240 °C during max. 10 seconds.

Care should be taken not to bend the leads nearer than 1.5 mm from the seals.

Touching the envelope by live components should be avoided, and it is recom -

mended to maintain a distance between componentsor electrostatic shields and
any part of the envelope of at least some mm.

1) Not tinned.
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ZA1005

LIMITING VALUES (Absolute max. rating system)

Peak current,

forward Ip forw max. 300 mA
reverse Ip rev max. 25 mA
Average current, forward + reverse Iy max. 5 mAl)
(Tay max. 20 ms)
reverse Irev max. 2.5 mA
Sl min -55 °C
5 thulb max. 70 °C +10 ©°C/mA
1) Sum of absolute values of currents.
2 OBSOLESCENT TYPE April 1970



MAINTENANCE TYPE ZC1040

TRIGGER TUBE

Gas filled cold cathode trigger tube with molybdenum cathode and electrical
priming. The tube has been designed to be ignited with positive voltages on
starter and anode only and can be fed from a.c. or d.c. anode voltages.

QUICK REFERENCE DATA
Anode supply voltage Zz Y/Ei 3(2)8 Xl
Anode maintaining voltage Vi 12 v
Cathode current, max. Ik max. 40 mA
Starter to cathode ignition voltage Vst-ign 130 V
Transfer requirements: capacitance Cst 330 pF
current Igt 200 A

DIMENSIONS AND CONNECTIONS

Base: Noval

|
|

max 49.2
max 55.6

EFETY

MOUNTING
Mounting position: any

Starter and primer resistances should be mounted directlyon the corresponding
socket soldering tag to avoid stray capacitances.

April 1970 1




ZC1040

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

The electrical characteristics assume the presence of a priming discharge.
This priming discharge can be established by connecting the primer via a
10 M2 resistor to the anode supply voltage.

A.C. OPERATION

(Anode and starter voltage in phase. When the tube is fed from an alternating
supply voltage, the internal shield (s) shall be connected to a voltage divider
across the anode supply voltage so that the voltage at s is 25% of the anode
voltage. See fig.1)

min. 180 VRMS

Anode voltage Va max. 250 VRMS

min. 85 VRMS

Starter ignition voltage Vst-ign ik 100 Veaus

Transfer requirements

current Igt min. 200 uA
. min. 200 pF
capacitance Cgqt max, 500 pF

Cathode current

N— (Tay max. 15 s) Ik max. 25 mA
g (Tay max. 20 ms) Ix max. 40 mA
average during any conduction period Ik min. 10 mA

AAAAAA

VVWVWWy
w
w
o
5
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ZC1040

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

D.C. OPERATION

Anode voltage

Starter ignition voltage

Transfer requirements
current
capacitance

Cathode current
average (Tay max. 15 s)

average during conduction

Maintaining voltage (at I = 20 mA)

LIMITING VALUES (Absolute max. rating system)

A.C. OPERATION (Anode and starter voltage in phase)

Anode voltage Va

Cathode current

(Tyy max. 15 s) Ix
average (Tay max. 20 ms) Ik
peak (f max. 60 Hz) Ikp
average during any conduction

period Ix
Negative starter current =Ige
Voltage at internal shield v
(in phase with anode voltage) VS
s
Temperature ‘bulb
thulb

max.

max.
max.

max.

min.
max.
min.
max.

min.
max.

250

25
40

200

10
200
45
75

-55
+70

(continued)
min. 250 V
max. 350 V
min., 120 V
max. 140 V
min. 200 wuA
min. 200 pF
max. 25

min. 106

mA
min, - 15 -mA
v
miax. 115 'V

VRMS

mA
mA

mA

mA
MA

VRMs

VRMS

oc
0C+29°C/mA
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ZC1040

LIMITING VALUES (Absolute max. rating system) (continued)

D.C. OPERATION

Anode voltage
positive
negative
Cathode current
average (Tay max. 15 s)
average during conduction
peak
surge (Tpax. 1 ms)
Starter to cathode capacitor

Negative starter voltage

Temperature

Ix
Iy
Ikp

Isurge

-Vst

tbulb
tbulb

max.

max.
min.
max.
max.
max.
max.

min.
max.

. 350

100

25

15

200

10

=55
+70

nF l)
v

og
°C+2°C/mA

l) Higher valuesof starter capacitorare permitted, provided a current limiting
resistor of 1 k@ to 10 k2 is used in series with the starter.

MAINTENANCE TYPE

April 1970




ZC1050

TRIGGER TUBE

Ruggedized cold cathode trigger tube with pure molybdenum electrodes andvery high
light-output for use in e.g. shift registers for running-text displays.

QUICK REFERENCE DATA
Anode supply voltage Vba
Anode maintaining voltage Vma
Cathode current I
Starter to cathode ignition voltage VStign
Light output approx.

300
136

2
180
0.3

mA
Vv

Im

DIMENSIONS AND CONNECTIONS

Glass dot indicates anode lead
lead spacing 0.5™Min

Dimensions in mm

st \AEK‘
o]

b

a a :,:
pr - x
pr glass dot ‘f gm
st 1gmin 31max ; ©
< >l > o
Kk l /L l_
o7
o Nr 7208407
MOUNTING

1. Directly soldered connections to the leads must be at least 5 mm from glass and
any bending of the leads must be at least 1.5 mm from the glass.

2. When soldering into the circuit the heat conducted to the glass should be kept to a

minimum by the use of a thermal shunt on the leads.

3. The leads may be dip-soldered to minimum 5 mm from the glass at a solder

temperature of 240 °C during maximum 10 s.

4. The primer and starter circuit resistors and capacitors should be mounted close

to the tube.

5. The tube should not be mounted close to conductors or components which give rise

to strong electrical fields.
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ZC1050 ||

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
Valid over life and full temperature range unless otherwise stated.

The tube characteristics are independent of ambient light and assume the presence

of a priming discharge.

PRIMING CONDITIONS

Anode to primer supply voltage Vba-pr > 265
Typical max. ignition delay 0.3
Anode to primer maintaining voltage Vma i see page 5
Primer current Ipr 7.5 to 30

STAND-BY (main gap non-conducting)
Anode to cathode voltage,

positive Va < 350

negative =Va < 100
Anode to starter voltage,

positive Va-st < 350

negative -Va-st < 100

Starter to cathode voltage to
ensure non ignition,

positive Vst < 165
negative =Vgt < 100
Primer current Ipr < 30

IGNITION REQUIREMENTS
a.D.C. triggering

Anode to cathode voltage Va > 265
Starter to cathode voltage to
ensure ignition vStigIl > 200
Starter to cathode capacitor to
ensure transfer Cgt = 1
Starter circuit charging resistance Ry >0.5
R1

o

e
7208408

vV 1)

s

HA

<<

nF
MQ
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ZC1050

b. Bias + pulse triggering

Anode to cathode voltage V, > 265 >1220 V1)
Starter coupling capacitor Cst > 1 21l
Starter to cathode voltage Vst > 200 > 220 V
Starter series resistance

4t.Cop = 1. AF Rgt < 3.3 k@

at Cgt = 1.5nF Rgt < 10 kQ2
Pulse duration Tp > 40 us

MAIN GAP CONDUCTING

Anode maintaining voltage Vrna see page 6 e
Cathode current range I 1 to 3 mA —--
EXTINCTION REQUIREMENTS ‘
Anode to cathode voltage at I, = 3 mA Va see page 7
Anode to starter voltage at I, = 3 mA Va-st see page 7
LIMITING VALUES (Absolute max. rating system)
Anode to cathode voltage, negative =¥V3 max. 100 Vv
Starter to cathode voltage, negative -Vgt max. 100 Vv
Cathode current

average during any conduction period Ix min. 1 mA

average (T, = max. 20 ms) Ik max. 3 mA

peak Ikp max. 10 mA 2)
Envelope temperature thulb max. 70 oC

thulb min, -55 ©oC

Altitude h max. 20 km

LIFE EXPECTANCY

10000 operating hours.
The tube is deemed to have reached its end of life when the anode to cathode main-
taining voltage Vma has reached the maximum value indicated on page 6.

WAVELENGTH OF RADIATED LIGHT 580 to 700 nm

l) To avoid spurious ignition the rate of rise of applied anode voltage shall have a
minimum time constant as given on page 7.

2) For higher values the manufacturer should be consulted.
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ZC1050

I

ENVIRONMENTAL CONDITIONS

Vibration resistance

These conditions are solely used to assess the mechanical quality of the tube. The
tube must not be continuously operated under these conditions.

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of three
directions.

Data based on pilot-production tubes.

-+ February 1968
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ZC1050
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ZC1060

TRIGGER TUBE

Subminiature cold-cathode trigger tube for switching very high peak currents, e.g.
in capacitor discharge circuits. The tube contains an internal cathode, an internal
anode and an external (capacitive) starter.

QUICK REFERENCE DATA

Va max. 800 V
Va min. 100 V

Anode voltage

Cathode current, peak Ikp max. 5000 A
average (T,y = max. 60 s) Ik max. 20 mA
Energy per discharge E max. 60 ]
DIMENSIONS AND CONNECTIONS Dimensions in mm

glass dot indicates cathode pin
2™ not tinned

rd

|
13max

silicon rubber
encapsulated

min ! max
7208837 18 24’ ¥z

MOUNTING

1. Directly soldered connections to the pins must be at least 2 mm from the glass.
. The cathode and anode pins should not be bent.
2. When soldering the heat conducted to the glass should be kept at a minimum,

3. The distance between the starter electrode lead and the anode or cathode pins
should be at least 5mm. Stray capacitance and leakage current should be keptat a
minimum.

4. The tube may ignite spontaneously when mounted in an electric field, the prob-
ability of igniting being dependent on the field strength (direction and magnitude)
and its rate of change. Touching the envelope by live components should be
avoided, and it is recommended to maintain a distance between components or
electrostatic shields and any part of the envelope of at least some mm.
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ZC1060

vy

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
(during life and over full temperature range)

Stand -by

Insulation resistance between electrodes Tins
Anode voltage '
Ignition

Anode voltage Va

min. 300 MQ
max. 800 V
min. 100 V

The tube should be triggered by an oscillatory voltage between starter and cathode

(see Fig.1)
The oscillator frequency should be 400 kHz to 500 kHz.

The duration (to 10% amplitude) of the trigger pulse train should be > 30 us.

Trigger voltage VStignp
Trigger energy E stign
Ignition delay, typical

at V4 =100 v 20

at Vo =150V 5

at V5 = 350 to 800 V 1
Conduction
Arc voltage Varc
Impedance z
LIMITING VALUES (Absolute max. rating system)
Energy per discharge E
Cathode current, peak Ikp

average (Tgy = max. 60 s) Ik

Envelope temperature EES}E

LIFE EXPECTANCY
Number of discharges with an energy of 60 ]

min. 3.5 kV

min. 1 m]
max.
50 us
10 us
2 us
see page 4
30 mf2
max. 60 ]
max. 5000 A
max. 20 mA

max. 125 ©C
min. =55 ©C

average 10000
minimum 5000
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Fig.1
BASIC CIRCUIT
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RECOMMENDED TYPES FOR NEW EQUIPMENT

PL3C23A
PL106
PL255
PL260
PL5544

PL5545
PL5557
PL5559
PL5684/C3]JA
PL6755A

ZT1011

PL2D21
5696
PLS5727

Large thyratrons

Small thyratrons




GENERAL OPERATIONAL RECOMMENDATIONS
THYRATRONS

The following instructions and recommendations apply in general to all types
of thyratrons. If there are deviations for any type of tube they will be indicated
on the published data sheets of the type in question.

MOUNTING

Normally the tubes must be mounted vertically with the base or filament strips
at the lower end. They must be mounted so that air can circulate freely around
them. Where additional cooling is necessary forced air should assist the natu-
ral convection. (This is of great importance in the case of mercury-vapour
filled tubes, in order to condense the mercury in the lower part of the tube).
The clearance between the tubes and other components of the circuit and be-
tween the tubes and cabinet walls should be at least half the maximum tube
diameter.

When 2 or more tubes are used the minimum clearance between them should
be 3/4 the maximum tube diameter. When the tube is mounted in a closed cab-
inet the heat dissipated by the tube and other components should be taken into
account. While the tube is working it must not touch any other part of the in-
stallation or be exposed to falling drops of liquid.

The tubes should be mounted in such a way that they are not subjected to dan-
gerous shock or vibration. In general, if shock or vibration exceeds 0.5g a
shock absorbing device should be used.

The electrode connections, except for those of the tube holder, must be flex-
ible. The nuts (e.g. of the anode connections) should be well tightened but care
must be taken to ensure that no undue forces are exerted on the tube. The con-
tacts must be checked at regular intervals and their surfaces kept clean in or-
der to avoid excessive heating of the glass-metal seals. The cross section of
the conductors and leads should be sufficient to carry the r.m.s. value of the
current. (It should benoted that ingrid controlled rectifier circuits the r.m.s.
value of the anode current may reach 2.5 x the average d.c. value and even
more).

FILAMENT SUPPLY

In order to obtain the maximum life ofa directly heated tube, a filament trans-
former with centre-tap and a phase shift of 90° + 30° between V, and Vg is re-
commended.

T

February 1968 1



If, in the published data, limits are given for the filament voltage, steps should
be taken to prevent the filament voltage exceeding these limits owing to the
spread of the transformer, fluctuations of the mains voltage, etc. The filament
voltage at nominal mains voltage is measured at the terminals of the tube. If no
limits for the filament voltage are given, deviations with a maximum of 2.5%
from the published value, can be accepted.

It is therefore recommended to have tappings on the filament transformer. The
mains fluctuations should, in general, not exceed 5%. During short intervals
fluctuations of 10% are admissible.

In calculating the ratingsof the filament transformera variationin the filament
current of plus and minus 10% from tube to tube should be taken into account,
whilst for directly heated tubes the d.c. current flowing th+ough the filament
winding should also be considered.

TEMPERATURE

1. For tubes filled with mercury vapour or with a mixture of mercury vapour
and inert gas.

For these tubes temperature limits forthe condensed mercury are given in
the published data. Care should be takento ensure that the temperature dur-
ing operation is between these limits. Too low temperature gives low gas
pressure which results in a low current capability, high arc drop and con-
sequently shortening of life. Too higha temperature giveshigh gas pressure
which results in a reduction of the "arc-back" voltage, and with it the per-
missible peak inverse and forward voltages. The condensed mercury tem-
perature can be measured with a thermo-element placed against the enve-
lope. The measurement should be made at the coldest part of the bulb where
the mercury condenses; in general this will be just above the base or the
lower connections.

Good technique and instruments are necessary for accurate thermocouple
measurements. In addition to the temperature limits for the condensed
mercury sometimes limits for the ambient temperature are given.

The latter are only intended as a guide, as the difference between the am-
bient and the condensed mercury temperature largely depends on mounting
and cooling.

The mercury condensed temperature is decisive in all cases.

The ambient temperature can be measured with a thermometer which has
been screened against direct heat radiation. The measurement should be
carried out at various points around the lower part of the tube.

N

Tubes with inert gas-filling

For these tubes only the limits of the ambient temperature are given. These
limits are in general minimum -55 °C and maxima +75 °C.
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SWITCHING ON

1. Tubes filled with mercury vapour or with a mixture of mercury vapour and
inert gas

It is necessary to allow some time for the cathode to reach its operating
temperature before drawing cathode current. Therefore the minimum cath-
ode heating time is given on the published data sheets.

After the cathode heating time the tube may be switched on provided the
temperature of the condensed mercury is not too low.

Switching on (not after transport) may be done at a condensed mercury tem-
perature which lies 5 to 10 °C below the minimum temperature published
(minimum waiting time required).

However, it is good practice to switch onafter the temperature having pass-
ed its minimum published value (recommended waiting time)

The switching on times, the minimum required and the recommended one
can be read from the curve representing the condensed mercurytemperature
as a function of time with only the filament voltage applied to the tube.

The minimum required switching on time can directly be read from the
curve representing this time as a function of the ambient temperature.
Switching on after transport or aftera considerable interruption of operation
should be done according to the instructions for use which are packed with
the tube.

In order to avoid long preheating times it is recommended to leave the fila-
ment supply on during stand-by periods (e.g. overnight) at 60-80% of the
nominal voltage.

2. Tubes with inert gas-filling

It is necessary to allow the cathode to reach operating temperature before
drawing cathode current.

Therefore the minimum cathode heating time is published after which the
anode voltage may be applied provided that the ambient temperature is not
below the minimum published value.

LIMITING VALUES

In general these values are given as absolute maxima; i.e. maxima which
should not be exceeded under any conditions (so they may not be exceeded owing
to mains voltage fluctuations, load variations, tolerances on components, over-
voltages etc. )

For each rating of maximum average current a maximum averaging time is
quoted. This is to ensure that an anode current greater than the maximum con-
tinuously permissible average value is not drawn for such a length of time as
would give rise to an excessive temperature within the tube.

The maximum peak anode current is determined by the available safe cathode
emission whereas the average current is limited by its heating effects.

February 1968 3



Under no circumstances may the peak current exceed its maximum published
value. For the determination of the actual value of the peak inverse voltage and
the peak anode current, the measured values with an oscilloscope or otherwise
are decisive.

TYPICAL CHARACTERISTICS
1. Arc voltage

The value published for V43¢ applies to average operating conditions; under
high peak current conditions, e.g. 6 phase rectification, V¢ will be higher.
The spread which is dependent on the circuit can be expected to be plus and
minus 1 V.

During life and increase of approximately 2 V must be taken into account.

2. Frequency

Unless otherwise stated the maximum frequency at which the tubes may run
under full load is 150 Hz.

Under special conditions higher frequencies may be used, details should be
obtained from the manufacturer.

OPERATING CHARACTERISTICS

The data under this heading are based on normal practical conditions.

SHORT CIRCUIT PROTECTION

In order to prevent the tube from being damaged by passing too high a peak
current a value for the surge current is given. The figure given for the maxi-
mum surge current is intended as a guide to equipment designers. It indicates
the maximum value of a transient current resulting from a sudden overload or
short circuit which the thyratron can pass fora period not exceeding0. 1 second
without resulting in its immediate destruction. Several overloads of this nature
will, however, considerably reduce the life of the tube.

The equipment designer has to take into account this maximum surge current
rating when calculating the short-circuit impedance of the equipment.

This surge current value is not intended as a peak current that may occur on
switching or during operation.

A simple method to limit the surge current to the max. ratingis to incorporate
a series resistance in the anode circuit.

SCREENING AND INTERFERENCE

In order to prevent unwanted ionisation of the gas filling (and consequent flash
over) due to strong R.F. fields, it may be necessary to enclose the thyratron
in a separate earthed screening box.
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In circuits with gas-filled tubes oscillation in the transformer windings and
other circuit components may occur, resulting in excessive peak inverse volt-
ages and arc back. Damping of these oscillations is necessary especially at
higher voltages. Parallel RC-circuits are recommended for this purpose.

SMOOTHING CIRCUITS

In order to limit the peak anode current in a rectifier it is necessary that a
choke should precede the first smoothing condenser.

To ensure good voltage regulation on fluctuating loads the inductance value of
the choke should be large enough to give uninterrupted currentat minimum load.

The choke and capacitor must not resonate at the supply or ripple frequency.
In grid controlled rectifier circuits under phased-back conditions the harmonic
content of the d.c. output will be large unless the inductance is adequate.

PARALLEL OPERATION OF GAS-FILLED TUBES

As individual gas-filled thyratrons may have slightly different characteristics
two or more tubes must not be connected directly in parallel. An alternative
expedient must be adopted if a higher current output is required. Information
on suitable methods will be supplied on request.

EFFECTS OF POSITIVE ION CURRENT

When a thyratron is conducting, a positive ion current of a magnitude propor -
tional to the cathode current is generated. This current will, in general, flow
to that electrode which is at the most negative potential during conduction (e.g.
the grid). In order to prevent damage to the tube it is necessary to ensure that
the voltage of this electrode is more positive then -10 V during this phase.
This precaution will preventan increase in grid emission due to excessive grid
dissipation, sputtering of grid material, changes in the control characteristics
caused by shifts in contact potential and, in the case of inert-gas-filled tubes,
a rapid gas clean up.

In circuits where the control grid is held negative during anode conduction, a
suitable choice of resistor in series with the grid will maintain an effective
grid bias more positive than =10 V. The minimum allowable value of the grid
resistor is 0.1 x the recommended one.

In circuits where the anode potential changes from a positive to a negative
value and the control grid is at a positive potential, thereby drawing cathode
current, a small positive ion current flows to the anode. At high negative anode
voltages it is therefore essential tolimit the magnitude of the positive ion cur-
rent by severely restricting the current flowing from cathode to grid. This may
be effected by using the maximum permitted series resistor, or preferably by
using fixed negative grid bias and a narrow positive firing pulse.
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In those circuits where the anode potential changes very rapidly froma positive
to a high negative value, such as with inductive loads fed from polyphase sup-
plies, there will be residual positive ions within the tube which will be drawn
towards the anode with considerable energy. In the case of an inert-gas filled
tube this would result in excessive gas clean-up and it is therefore necessary
to observe the limitations imposed by the commutation factor.

CONTROL CHARACTERISTICS

In most cases the control characteristic given on the data sheets is shown by
upper and lower boundary curves within which all tubes may be expected to re-
main at all temperatures of the published range and during life.

In multitube circuits where the tubes are operating under the same conditions
the spread will in general be smaller. The published boundaries are therefore
to be considered as extreme limits. This should be taken into consideration
when designing grid excitation circuits.

GRID EXCITATION CIRCUITS

To keep the instantof ignition as constant as possiblea large value of excitation
voltage is recommended.

The use of a negative grid bias (20 to 50 V for a d.c. output voltage of 200 to
600 V) and a sharp positive grid pulse is recommended.

The magnitude of the grid should be 70 to 100 V with a grid series resistor of
20 k2 and a maximum impedance of the peaking transformer of 30 k2. If a
sinusoidal grid voltage is used the following r.m.s. values are recommended.
With inductive or resistive load without a back E.M. F. this excitation voltage
should be of the order of 8 x the spread of the control characteristic (30 to
50 Vrms)-

If a back E.M.F. is present the value of excitation voltage should be 15 x the
spread of the control characteristic (50 to 100 Vyms).
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RATING SYSTEM

( in accordance with L.E.C. publication 134 )

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating and environmental
conditions applicable to any electronic device of a specified type as defined by
its published data, which should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking no responsibility for equipment variations, en-
vironmental variations, and the effects of changes in operating conditions due to
variations in the characteristics of the device under consideration and of all
other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life,
no absolute-maximum value for the intended service is exceeded with any device
under the worst probable operating conditions with respect to supply voltage
variation, equipment component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and variations in charac-
teristics of the device under consideration and of all other electronic devices
in the equipment.

1]
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MAINTENANCE TYPE 1037

DOUBLE ANODE RECTIFYING TUBE

Mercury-vapour and gasfilled double anode rectifying tube intended for use in
battery chargers 6 A each tube, max. 20 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage V¢ 19 ¥
Filament current I¢ 11 A ‘
Waiting time Tw 2 minl) i
MECHANICAL DATA Dimensions in mm ﬁ
Base: Goliath max 85 o mer
h —_—
™
Zo
x
' S
aa Eﬁ
o
M .
=F '
fof 7206821 %l '
T 7206813
maxSQl j
Socket: 65909 BG/01
Mounting position: vertical, base down !
Net weight: 290 g i
TYPICAL CHARACTERISTICS
Axc voltage Varc 9 Vv
Ignition voltage Vign 16 V
l) See page 2.
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1037

LIMITING VALUES (Absolute max. rating system)

Transformer voltage Vir
Anode voltage, inverse peak Vainvp
Anode current, average Ip
peak Ia p
Protecting resistance Ry
Mercury temperature tHg

max.

max.
max.
max.
min.

min.
max.

60 VRMS
15 VRwMS
185 V
3 A
18 A
.75 2
30 °C
80 °cC

l) Recommended value. If urgently wanted this value may be decreased to 1 min.
In order to obtain a suitable time delay use can be made of the timedelay
switch type 4152. After transport or after a long interruption of service

Ty = 5 minutes.

2 MAINTENANCE TYPE
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MAINTENANCE TYPE 1039

DOUBLE ANODE RECTIFYING TUBE

Mercury vapour and gas-filled double anode rectifying tube intended for use in
battery chargers. 15 A each tube, max. 20 Pb cells.

HEATING: direct by A.C.; oxide coated filament
Filament voltage Vi 1.9 .V
Filament current If 20 A
Waiting time Tw 2 min 1)
MECHANICAL DATA Dimensions in mm

Base: Goliath max 94
a- a’

Net weight 340 g

max 264

f f £

720682!

Mounting position: vertical, base down

TYPICAL CHARACTERISTICS
Arc voltage Varc 9 VvV
Ignition voltage Vign 16 V

1) 1f urgently wanted this value may be decreased to 1 min. In order to obtain
a suitable time delay use can be made of a time delay switch (e.g. type
4152/02). After transport or after long interruption of service Ty = 5 min.
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OPERATING CHARACTERISTICS

Circuit: a (See Application directions)

Transformer voltage 60 VRMS
discharged nominal charged

Battery voltage Vbat 36 +4 54 \Y%

D.C. current Io 19 135 8 A

Anode current, peak Iap 37 A

Protecting resistance R¢ 0.85 Q

LIMITING VALUES (Absolute max. rating system)

Anode voltage, peak inverse 8invp max. 185 V

Anode current, peak Iap max. 45 A

average Iy max. 7.5 A
p— Protecting resistance R¢ min. 0.75
E Mercury ter"nperature tHg 30 to 80 ©C
2 _ MAINTENANCE TYPE February 1968



MAINTENANCE TYPE 1049

DOUBLE ANODE RECTIFYING TUBE

Mercury-vapour and gasfilled double anode rectifying tube intended for use in
battery chargers 25 A each tube, max. 20 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage Vs 1.9 V¥
Filament current If 28.5 A
Waiting time Tw 2 minl)
MECHANICAL DATA Dimensions in mm
< max101
M6~ ,

o

7206821

Mounting position: vertical, base down

Net weight: 520 g

TYPICAL CHARACTERISTICS

Arc voltage Varc 9V
Ignition voltage Vign 16 V
l) See page 2.
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i

OPERATING CHARACTERISTICS

Circuit: a (See Application directions)

Transformer voltage

Battery voltage
D.C. current

Anode current, peak

Protecting resistance

LIMITING VALUES (Absolute max. rating system)

Anode voltage, inverse peak
Anode current, average
peak

Protecting resistance

Mercury temperature

Vir 60
discharged nominal
Vbat 36 =+
Is 32 22
I 60
p
R¢ 0.5
Va:
ainvp
Ia
Iap
Ry
tHg

VRMS
charged
54 v
3 A
A
Q
max. 185 V
max. 12.5 A
max. 75 A
min 0.3
min. 30 °C
max. 80 ©C

1) Recommended value. If urgently wanted this value may be decreasedto 1 min.
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service

Ty = S minutes.

MAINTENANCE TYPE
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MAINTENANCE TYPE 1054

DOUBLE ANODE RECTIFYING TUBE

Mercury vapour and gas-filled double anode rectifying tube intended for use in
welding rectifiers (40 A each tube).

HEATING: direct by A.C.; oxide coated filament

Filament voltage Vs 1.9 V
Filament current If 68 A
Waiting time Tw 2 minl)
MECHANICAL DATA Dimensions in mm
Net weight: 950 g o maxiff
B, M6
a a’
[S)
¢
‘
H|8
3
aa §
f 7206821 99
Mounting position: vertical, base down
TYPICAL CHARACTERISTICS
Arc voltage Varc 9 Vv
Ignition voltage Vign 16 Vv V

1) If urgently wanted this value may be decreased to 1 min. In order to obtain a
suitable time delay use can be made of atime delay switch(e.g. type 4152/0 ).
After transport or after a long interruption of service Ty = 5 min.

Al
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(i

LIMITING VALUES (Absolute max.

Transformer voltage

Anode voltage, peak inverse

Anode current, peak
average
Protecting resistance

Mercury temperature

rating system)

Vir max. 48
min. 20

3invy, max. 150
Iap max. 120
Iy max. 20
R¢ min. 0.18
tHg 30 to 80

°@

MAINTENANCE TYPE
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MAINTENANCE TYPE 1069K

DOUBLE ANODE RECTIFYING TUBE

Mercury-vapour and gasfilled double anode rectifying tube intended for use in
welding rectifiers 60 A each tube.

HEATING: direct by A.C., oxide coated filament

Filament voltage Vg 3.25 V
Filament current Ig 70 A
Waiting time Tw 2 minl)
MECHANICAL DATA Dimensions in mm
max14
1
=}
~H 4
+ by
aa i
~
NG~
]
v v
fof 7206821 99 7‘;076015 -

Mounting position: vertical, base down

Net weight: 1000 g

TYPICAL CHARACTERISTICS
Arc voltage Viare 10 V
Ignition voltage Vign 16 Vv

l) See page 2.
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1069K

OPERATING CHARACTERISTICS

Circuit Vtr VO Io 2)
See Appl.dir. (VRMS) v) Aa)
e 55 50 120
f 55 55 180
g 55 45 180
LIMITING VALUES (Absolute max. rating system)
Anode voltage, inverse peak Vainvp max. 170 V
Anode current, average I (Tay = max.15 sec) max. 30 A2)
peak Iy p max. 200 A
Protecting resistance R¢ min. 0.12 @
min. 30 °C
Mercury temperature tHg aK. 75 0C

1) Recommended value. If urgently wanted this value may be decreased to 1 min.

2) With fan cooling.

MAINTENANCE TYPE
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MAINTENANCE TYPE 1110

DOUBLE ANODE RECTIFYING TUBE

Gasfilled double anode rectifying tube intended for use in battery chargers 2 A
each tube, max. 20 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage V¢ 1.9 ¥
Filament current Ig 3.5 A
Waiting time Tw 15 sl
MECHANICAL DATA Dimensions in mm
Base: A max39
o5
% %
o
g E
——m'ml
LY
Socket: 2422 512 02001
Mounting position: vertical, base down
Net weight: 55 g
TYPICAL CHARACTERISTICS
Arc voltage Varc 9V
Ignition voltage Vign 16 V

l) See page 2.
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1110

OPERATING CHARACTERISTICS

Circuit: a (See Application directions)

Transformer voltage Vir 60 VRMS
discharged nominal charged
Battery voltage Vbat 36 e 54 Vv
D.C. current ks 2 1.42) 0.85 A
Anode current, peak Iap 3.8 A
Protecting resistance R¢ 8 Q
LIMITING VALUES (Absolute max. rating system)
Anode voltage, inverse peak Vainvp max. 185 V
Anode current, average Iy max. 0.85 A
peak Iap max. S A
Protecting resistance Re min. 4 Q
Ambient temperature tamb 2:; ;?; gg

l) Recommended value. If urgently wanted this valuemay be decreased to0 s

2) When a barretter is used this value may be increased to 2 A.

2 MAINTENANCE TYPE
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MAINTENANCE TYPE 119

DOUBLE ANODE RECTIFYING TUBE

Gasfilled double anode rectifying tube intended for use in battery chargers 3 A
each tube, max. 12 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage Vg 1.9 Vv

Filament current If 5.8 A

Waiting time Tw 30 sl
MECHANICAL DATA Dimensions in mm
Base: A max71

max 142
max 124

S

Socket: 2422 512 02001
Mounting position: vertical, base down

Net weight: 75 g

TYPICAL CHARACTERISTICS

Arc voltage Varc 9 Vv
Ignition voltage Vign 16V
1y see page 2.

i(lifl
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OPERATING CHARACTERISTICS

Circuit: a (See Applications directions)

Transformer voltage Vir 45
discharged nominal
Battery voltage Vbat 22 26
D.C. current Io 3.6 3.0
Anode current, peak Iap 7.5
Protecting resistance R¢ 3.75

LIMITING VALUES (Absolute max. rating system)

Anode voltage, inverse peak VainvP
Anode current, average Ia
peak Iap
Protecting resistance Rt
Ambient temperature tamb

VRMS
charged
32 A%
21 A
A
Q
max. 140 V
max. 1.5 A
max. 9 A
min. 1.8 €
min. -55 °C
max. +75 ©C

l) Recommended value. If urgently wanted this valuemay be decreasedto 15s

2 MAINTENANCE TYPE
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MAINTENANCE TYPE

1138

SINGLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled single anode rectifying tube intended for use in
battery chargers and cinema rectifiers 15 A each tube, max. 30 Pb-cells.

HEATING: direct by A.C., oxide coated filament
Filament voltage
Filament current

Waiting time

MECHANICAL DATA

Base: Goliath

' m§115
ine e —
a Qb e
[o2]
a &
g
f f f
7206820
f 4

Socket: 65909 BG/01
Mounting pos;tion: vertical, base down

Net weight: 240 g

TYPICAL CHARACTERISTICS
Arc voltage

Ignition voltage

1) See page 2.

Vs 2.5 V
Ie 27 A
Tw 2 min l)

Dimensions in mm

Vare 10V

ign 16V

February 1968



1138

LIMITING VALUES (Absolute max. rating system)

Circuit: a (See Application directions)

Transformer voltage Vir 2?1)1(
Anode voltage, inverse peak Vainvp max.
Anode current, average Ia max.

peak Iap max.
Protecting resistance Rt min.
Mercury temperature tHg E:;

85 VRMS

20 VRMS
275 'V

15 A

85 A
0.3 @

30 ‘°¢

80 ©C

1) Recommended value. If urgently wanted this value may be decreased to 1 min.
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service

T, = S minutes.

w

2 MAINTENANCE TYPE
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MAINTENANCE TYPE 1163

SINGLE ANODE RECTIFYING TUBE

Gasfilled single anode rectifying tube intended for use in battery chargers 6 A
each tube, max. 36 Pb-cells.

HEATING: direct by A.C., thoriated tungsten

Filament voltage Vg 2.25 V
Filament current I¢ 17 A
Waiting time Ty 0 sl
MECHANICAL DATA Dimensions in mm
Base: Goliath
max83
q 2
x
5]
E
t f
7206820
720681
Socket: 65909 BG/01
Mounting position: vertical, base down
Net weight: 110 g
TYPICAL CHARACTERISTICS
Arc voltage Varc 9.V
Ignition voltage Vign 16 V

l) Recommended value 3 s

1111110
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1163

LIMITING VALUES (Absolute max. rating system)

Circuit
See Appl.dir. 4, ¢, € g b, d

Vir max. 130 VRms max. 90 VRMS
Vir min. 20 VRMS min. 20 VRpms
Vaian max. 375V max. 250V

I, max. 6 A max. 6 A

I’;,,p max. 36A max. 36A

R¢ min. 0.5 min. 0.5Q

" min. -55°C min. =55°C
amb max. +75°C max. +75°C
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MAINTENANCE TYPE

1164

SINGLE ANODE RECTIFYING TUBE

Gasfilled single anode rectifying tube intended for use in battery chargers and

cinema rectifiers 15 A each tube, max. 30 Pb-cells.

HEATING: direct by A.C., thoriated tungsten
Filament voltage
Filament current
Waiting time

MECHANICAL DATA

Base: Goliath

Vg

I
Tw

2,5 V
25 A
15 8

Dimensions in mm

max98
=
[
a él
o
N
o~
a ]
E
f
f f
7206820 f
e

Socket: 65909 BG/01
Mounting position: vertical, base down

Net weight: 150 g

TYPICAL CHARACTERISTICS

Arc voltage

Ignition voltage

Varc

9 Vv
16 V

{{1111]]
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1Y

LIMITING VALUES (Absolute max. rating system)

Circuit k a,c e f,g b, d
See Appl.dir.

Vir max. 80 VRMS max. 60 VRMsS

Vir min. 20 VRMmS min. 20 VRMS

Vainvp max. 225V max. 165V

Iy max. 15A max. 15A

Iap max. 90 A max. 90 A

R¢ min. 0.3 min. 0.3 Q
min. -559C min. -550°C

tamb max. +75°C max. +75°C

2 MAINTENANCE TYPE February 1968



MAINTENANCE TYPE

173

SINGLE ANODE RECTIFYING TUBE

Mercury vapour and gas-filled single anode rectifying tube intended for use in
battery chargers, 4 A each tube, max. 100 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage

Filament current

Waiting time

MECHANICAL DATA

Base : Spec
Socket: 1287

Net weight

. 3p

165 g

7206820

Mounting position: vertical base down

| max 189

Vg 1.9V

If 13- A
T 1 minl)
max 62 =2
a —
M6 ——

1) If urgently wanted this value may be decreased to 45 s. In order to obtain a
suitable time delay use can be made of a time delay switch (e.g. type 4152/02).
After transport or after a long interruption of service Ty = 5 min.
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TYPICAL CHARACTERISTICS
Arc voltage

Ignition voltage

OPERATING CHARACTERISTICS

Varc

Vign

12 Vv
22 V

Circuit Transformer voltage D.C. voltage D.C. current
(VRMS) V) (A)
a 275 230 8
b 540 440 8
c 220 240 12
d 210 440 12
e 205 240 16
f 200 240 24
g 220 240 24
Circuits: See Applications directions.
— LIMITING VALUES (Absolute max. rating system)
e
e Anode voltage, peak inverse Vainvp max. 685 850 V
Anode current, peak Iap max. 24 20 A
average (Tay =max. 5s) I max. 4 4 A
Protecting resistance R¢ min. 0.75 0.75 @
Mercury temperature tHg 30to80 30to75 ©C
Ambient temperature tamb 10to S0 10to 45 ©C
Surge current (T = max. 0.1 s) Isurge max. 240 200 A
2 MAINTENANCE TYPE February 1968




MAINTENANCE TYPE 1174

SINGLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled single anode rectifying tube intended for use in
industrial rectifiers 6 A each tube, max. 110 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage V¢ 109y
Filament current Ig 12 A
Waiting time Tyw 60 sl
MECHANICAL DATA Dimensions in mm
Base: Spec. 3p max 77
a 4
M6

max 218

Ah

28
R
20
34

Socket: 1285
Mounting position: vertical, base down

Net weight: 285 g

1) see page 2.
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174

TYPICAL CHARACTERISTICS

Arc voltage

Ignition voltage

Youo 12.¥

Vig‘n

22V

In order to obtain the above-mentioned ignition voltage of 22 V, an auxiliary
D.C. supply unit delivering min. 40 V, 10 mA power, should be connected via
a current-limiting resistor to the auxiliary ignition electrode ap (+) and to the
cathode (-). The Philips Auxiliary Ignition Unit type 1289 is recommended for

this purpose.

OPERATING CHARACTERISTICS

Circuit Vir Vo Iy
See Appl.dir. (VrRMs) ) A)
a 275 230 12
b 540 440 12
c 220 240 18
d 210 440 18
e 205 240 24
f 200 240 36
g 220 240 36
LIMITING VALUES (Absolute max. rating system)
Anode voltage, inverse peak VainvP max. 685 850 V
Anode current, average Ia (Tyy = max. 5s) max. 6 6 A
peak Iap max. 36 30 A
Surge current Isurge (T=max.0.1s) max. 360 300 A
Protecting resistance R¢ min 0.8 0.5 R
i ’ ) . min. 30 30. . °c
ercury temperature Hg il 80 75 °C
. min. 10 10] °C
Ambient temperature tamb . 50 45 °C

1) Recommended value. If urgently wanted this value may be decreasedto 45 s
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service

Ty = 5 minutes.

MAINTENANCE TYPE
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MAINTENANCE TYPE 1176

SINGLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled single anode rectifying tube intended for use in
industrial rectifiers 15 A each tube, max. 110 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage Vg 1975V
Filament current, Ig 28 A
Waiting time Tw 2 min 1)
MECHANICAL DATA Dimensions in mm
max92 [
. =
M8 it

max 301

Qh

M4
T

7206819

7206818
Mounting position: vertical, base down

Net weight: 600 g

1) Recommended value. If urgently wanted this value may be decreased to 1 min.
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service
Ty = S minutes.
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TYPICAL CHARACTERISTICS

Arc voltage Varc 12 v
Ignition voltage Vign 22V
In order to obtain the above-mentioned ignition voltage of 22 V, an auxiliary
D.C. supply unit delivering min. 40 V, 10 mA power, should be connected via
a current-limiting resistor to the auxiliary ignition electrode ah (+) and to the

cathode (-). The Philips Auxiliary Ignition Unit type 1289 is recommended for
this purpose.

OPERATING CHARACTERISTICS

Circuit Vtr Vo IO
See Appl.dir. (VRMS) ) )
a 275 230 30

b 540 440 30

c 220 240 45

d 210 440 45

e 205 240 60

f 200 240 90

g 220 240 90

LIMITING VALUES (Absolute max. rating system)

Anode voltage, inverse peak Vainvp max. 685 850 V
Anode current, average I (Tagy = max. 5s) max. 15 15 A
peak Iap max. 90 75 A
Surge current Isurge (T=max.0.1s) max. 900 750 A
Protecting resistance R¢ min. 0.2 0.2 @
Mercury temperature tHg E;r:( 28 gg zg
Ambient temperature tamb 2:; é?) ig Zg

2 | | MAINTENANCE TYPE I l February 1968



MAINTENANCE TYPE 177

SINGLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled single anode rectifying tube intended for use in
industrial rectifiers 25 A each tube, max. 110 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage Vi L.9 N
Filament current I¢ 60 A
Waiting time Tw 2 minl)

MECHANICAL DATA

e max128
a i
M8
o3
(€]
145 T
125 g
ah
a £ /Z\
i s\ G
3] U
ap ¢
f f :\i- 4
7206812

7206819

Mounting position: vertical, base down

Net weight: 1060 g

l)See page 2.

fout
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I

TYPICAL CHARACTERISTICS

Arxc voltage Varc 12 vV
Ignition voltage Vign 28 V
In order to obtain the above-mentioned ignition voltage of 28 V, an auxiliary
D.C. supply unit delivering min. 40 V, 10 mA power, should be connected via
a current-limiting resistor to the auxiliary ignition electrode ah (+) and to the

cathode (-). The Philips Auxiliary Ignition Unit type 1289 is recommended for
this purpose. =

OPERATING CHARACTERISTICS

Circuit Vtr Vo IO
See Appl.dir. (VRMS) V) A)
a 275 230 50
b 540 440 50
c 220 240 75
d 210 440 75
e 205 | 240 100
f 200 250 150
g 220 240 150

LIMITING VALUES (Absolute max. rating system)

Anode voltage, inverse peak Va‘invP max. 685 850 V
Anode current, average I (Tay = max. 5s) max. 25 25 A
peak Iap max. 150 135 A
Surge current Isurge (T=max.0.1s) max. 1500 1250 A
Protecting resistance R¢ min. 0.1 0.l
Mercury temperature tHg ;1:; :838 :73(5) gg
Ambient temperature tiemb 2:;{ ég ‘11(5) gg

1) Recommended value. If urgently wanted this value may be decreased to 1 min.
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service
Ty = S minutes.

MAINTENANCE TYPE | , February 1968

(5%}



MAINTENANCE TYPE 1710

DOUBLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled double anode rectifying tube intended for use in
magnetic chucks 3 A each tube.

HEATING: direct by A.C., oxide coated filament

Filament voltage

. V¢ L9 e
Filament current If 8 A
Waiting time Tw 30 sl

MECHANICAL DATA
Base: W

Dimensions in mm

max191
max 205

SRS, |
7206790 —ﬂﬁsJ[

The screen s must be connected to the cathode via a resistor of 10 k2, 0.5 W.

f f

Mounting position: vertical, base down

Net weight: 170 g

1) Recommended value. If urgently wanted this value may be decreased to
15 sec.
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1710

TYPICAL CHARACTERISTICS

Arc voltage

Ignition voltage

OPERATING CHARACTERISTICS

Circuit: a (See Application directions)

Transformer voltage
D.C. voltage

D.C. current

LIMITING VALUES (Absolute max. rating system)

Anode voltage, inverse peak
Anode current, average
peak

Protecting resistance

Mercury temperature

Vainvy,

I (Tqy = max. 5s)

lap
R¢

tHg

Varc

10 Vv
22V
150  VRMS
110V
3 A
max. 470 V
max. 1.5 A
max. 9 A
min. 2.5 @
min, 30 ©C
max. 80 °C

MAINTENANCE TYPE

February 1968




MAINTENANCE TYPE 1725A

DOUBLE ANODE RECTIFYING TUBE

Gasfilled double anode rectifying tube intended foruse in magnetic chucks1.3A
each tube.

HEATING: direct by A.C., oxide coated filament

Filament voltage Vg 1.9 "N
Filament current Ig 3.5, A
Waiting time Tw 15 sl

MECHANICAL DATA
Base: A

Dimensions in mm

max 71

2 0

x o

: 5

£

@,r M3
Y
0l
a'  7zoe7ee ﬁmmwl_

The screen s must be connected to the cathode via a resistor of 10k, 0.5W.
Socket: 2422 512 02001

Mounting position: vertical, base down

Net weight: 75 g

1
) Recommended value. If urgently wanted this value may be decreased to0 s.
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111

TYPICAL CHARACTERISTICS
Arc voltage Varc 10 V
Ignition voltage Vign 22V

OPERATING CHARACTERISTICS

Circuit: a (See Application directions)

Transformer voltage Vir 150  Vgwms
D.C. voltage Yo 110 V
D.C. current Io' 1.3 A

LIMITING VALUES (Absolute max. rating system)

Anode voltage, inverse peak VainvP . max. 470 V

Anode current, average I (Tyy = max. 5s) max., 0.65 A

peak Iap max. 4 A

Protecting resistance Rt min. 5 @
. min, =55 ©°C
Ambient temperature tamb max. 475 ©°C
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MAINTENANCE TYPE 1738

DOUBLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled double anode rectifying tube intended for use in
battery chargers 15 A each tube, max. 36 Pb-cells.

HEATING: direct by A.C., oxide-coated filament

Filament voltage Vs 109 M.

Filament current Ig 18 A

Waiting time Ty 2 minl)
MECHANICAL DATA Dimensions in mm
Base: Goliath < Max94

M6

1[
Mé

max13

max 284

4
LI - TT068TE

The screen s must be connected to the cathode via a resistor of 10 k2, 0.5 W.

Socket: 65909 BG/01
Mounting position: vertical, base down

Net weight: 370 g

l) See page 2.
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TYPICAL CHARACTERISTICS
Arc voltage Varc 9 V
Ignition voltage Vign 20 V

LIMITING VALUES (Absolute max. rating system)
Circuit: a (See Application directions)

max. 95 VRMS

Transformer voltage Vir min. 20 VRS
Anode voltage, inverse peak Vainy max. 300 V
P
Anode current, average Iy max. 7.5 A
peak Iap max. 45 A
Protecting resistance R¢ min. 0.2 Q
Mercury temperature t wiin, B0 S0
y P Hg max. 80 9C

1) Recommended value. If urgently wanted this value may be decreased to 1 min.
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service
Ty = S minutes.
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MAINTENANCE TYPE

1749A

DOUBLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled double anode rectifying tube intended for use in

cinema rectifiers 25 A each tube, max. 36 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage

Filament current

Waiting time

MECHANICAL DATA

f i

7206823

145

125

Y

—+

max 290

¥\ s Y

7206807

The screen s is connected to the cathode via a resistor.

Mounting position: vertical, base down

Net weight: 600 g

1) See page 2.
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TYPICAL CHARACTERISTICS
Arc voltage

Ignition voltage

LIMITING VALUES (Absolute max. rating system)

Circuit: a (See Application directions)

Transformer voltage Vir
Anode voltage, inverse peak vainvP
Anode current, average Ia
peak Iap
Protecting resistance R¢
Mercury temperature tHg

Varc

Vign
max. 95
min. 30
max. 300
max. 12.5
max. 78
min. 0.1
min. 30
max. 80

10 Vv
22 ¥

VRMS
VRMS

l) Recommended value. If urgently wanted this value may be decreased to 1 min.
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service

Tyw = 5 minutes.

2 MAINTENANCE TYPE
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MAINTENANCE TYPE 1788

DOUBLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled double anode rectifying tube intended for use in
battery chargers 10 A each tube, max. 36 Pb-cells.

HEATING: direct by A.C., oxide coated filament

Filament voltage Vg -9\
Filament current If 11 A
Waiting time Tw 2 minl)
MECHANICAL DATA Dimensions in mm
Base: Goliath max 9¢ . M6
a a [
Mé&
s
max13
<
@©
S
x
o
aa g
s
f f

7206823 7206814

The screen s must be connected to the cathode via a resistor of 10 k2, 0.5 W.

Socket: 65909 BG/01
Mounting position: vertical, base down

Net weight: 350 g

l) See page 2.

[
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Hi

TYPICAL CHARACTERISTICS
Arc voltage

Ignition voltage

LIMITING VALUES (Absolute max. rating system)

Circuit: a (See Application directions)

Transformer voltage Vir
Anode voltage, inverse peak Vainvp
Anode current, average Iy
peak Iap
Protecting resistance R¢
Mercury temperature tHg

Varc

max.
min.

max.

max.

9y

22V

95 VRMS

20 VRMS
300 V
5 A
30 A
0.3 @
30..9¢c
80 ©cC

1) Recommended value. If urgently wanted this valuemay be decreased to 1 min.
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service

T, = S minutes.

W
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MAINTENANCE TYPE

1838

DOUBLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled double anode rectifying tube intended for

cinema rectifiers 15 A each tube.

HEATING: direct by A.C., oxide-coated filament
Filament voltage
Filament current

Waiting time

MECHANICAL DATA
Base: Spec. 3p

Ah

f f 7206822

Socket: 1285
Mounting position: vertical, base down

Net weight: 500 g

1) See page 2.

Vg

If

Tw

max 97

Dimensions

>

M6

28

32

215

ql

S
<
Nm

7206808

max 262

use in

min l)

in mm
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1838

TYPICAL CHARACTERISTICS
Arc voltage

Ignition voltage

v

arc

10 Vv
22 YV

In order to obtain the above-mentioned ignition voltage of 22 V, an auxiliary
D.C. supply unit delivering min. 40 V, 10 mA power, should be connected via
a current-limiting resistor to the auxiliary ignition electrode ap (+) and to the
cathode (-). The Philips Auxiliary Ignition Unit type 1289 is recommended for

this purpose.

OPERATING CHARACTERISTICS

Circuit Ver Vo Iy
See Appl.dir. (VRMS) 4] A)
a 115 85 15
e 115 120 30
£ 105 120 45
g 115 110 45
LIMITING VALUES (Absolute max. rating system)
Anode voltage, inverse peak Vainvp max.
Anode current, average I (Tay = max. 5 s) max.
peak Iy p max.
Surge current Isurge (T = max. 0.1 s) max.
Protecting resistance R¢ min
Merc t t t =
ury temperature Hg ey

360 V
7.9 A
45 A
375 A
Q

« 0,25

30 ©°c
80 9¢

l) Recommended value. If urgently wanted this value may be decreasedto 1 min.
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service

Ty, = 5 minutes.

2 MAINTENANCE TYPE
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MAINTENANCE TYPE 1849

DOUBLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled double anode rectifying tube intended for use in
cinema rectifier 25 A each tube.

HEATING: direct by A.C., oxide coated filament

Filament voltage Vi 1 O
Filament current I 29 A
Waiting time Tw 2 min 1)
MECHANICAL DATA Dimensions in mm
' 32 <« Mmaxios
a a' M6 y
3
%5 %
o
125 E
a9 £ f
sf i ]
Ah N
o
f f 7206822 h M4 = 7205006[

Mounting position: vertical, base down

Net weight: 600 g

1) see page 2.

(1118
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1849

TYPICAL CHARACTERISTICS

Arc voltage

Ignition voltage

Varc 10 Vv

Vign

22V

In order to obtain the above-mentioned ignition voltage of 22 V, an auxiliary
D.C. supply unit delivering min. 40 V, 10 mA power, should be connected via
a current-limiting resistor to the auxiliary ignition electrode ap (+) and to the
cathode (-). The Philips Auxiliary Ignition Unit type 1289 is recommended for

this purpose.

OPERATING CHARACTERISTICS

Circuit Vir Vo Io
See Appl.dir. (VrRMS) V) @A)
a 115 85 25
e 115 120 50
f 105 120 75
g 115 110 75
LIMITING VALUES (Absolute max. rating system)
Anode voltage, inverse peak Vainvp max. 360 V
Anode current, average I; (Tay = max. 15 s) max. 12.5 A
peak Iap max. 75 A
Surge current Isurge (T = max.0.1s) max. 625 A
Protecting resistance R¢ min, 0.2 @
min. 30 ©cC
Mercury temperature tHg —— 80 OC

1) Recommended value. If urgently wanted this value may be decreased to 1 min.
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service

Tw = 5 minutes.

MAINTENANCE TYPE
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.MAINTENANCE TYPE

1859

DOUBLE ANODE RECTIFYING TUBE

Mercury vapour and gasfilled double anode rectifying tube intended for

cinema rectifiers 50 A each tube.

HEATING: direct by A.C., oxide coated filament

Filament voltage

use in

Vg .9 N
Filament current If 60 A
Waiting time e 2 min l)
MECHANICAL DATA Dimensions in mm
50 . max143 ——
a—»pm a' M8 ———
w
™
~
>
o
E
aa
ah
f 1 7206822 l\¥; 7206805
Mounting position: vertical, base down
Net weight: 1650 g
l) See page 2.
February 1968 “ |l 1



1859

TYPICAL CHARACTERISTICS
Arc voltage

Ignition voltage

Vare 12 Vv

Vign

28 V

In order to obtain the above-mentioned ignition voltage of 28 V, an auxiliary
D.C. supply unit delivering min. 40 V, 10 mA power, should be connected via
a current-limiting resistor to the auxiliary ignition electrode ap (+) and to the
cathode (-). The Philips Auxiliary Ignition Unit type 1289 is recommended for

this purpose.

OPERATING CHARACTERISTICS

Circuit Vir Vo Io
See Appl.dir. (VRMS) ) A)
a 115 85 50
e 115 120 100
 § 105 120 150
g 115 110 150
LIMITING VALUES (Absolute max. rating system)
Anode voltage, inverse peak VainvP max. 360 V
Anode current, average I (Tay = max. 15 s) max. 25 A
peak Iap max. 150 A
Surge current Lsurge (T = max.0.1s) max. 1250 A
Protecting resistance Rt min 0.1 @
Mercury temperature t - =0
i Hg max. 80 °c

l) Recommended value. If urgently wanted this value may be decreased to 1 min.
In order to obtain a suitable time delay use can be made of the time delay
switch type 4152. After transport or after a long interruption of service

Ty = 5 minutes.

2 MAINTENANCE TYPE
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ZX1051
ZX1052
ZX1053
X ZX1055
X ZX1060

ZX1061
ZX1062
7X1063

RECOMMENDED TYPES FOR NEW EQUIPMENT

Ignitrons




GENERAL OPERATIONAL RECOMMENDATIONS
IGNITRONS

The following instructions and recommendations are generally applicable to all
ignitrontypes. When there are variations for a particular type of tube, specific
recommendations are given on the appropriate data sheets.
The absolute maximum rating system is used for ignitrons.

MOUNTING

Ignitrons must be mounted vertically to within + 3° the cathode terminal facing
downwards. The tubes should be mounted so that theleads and supporting mem-
bers do not impose stresses on the metal-to-glass seals.

The cross-section of the tube supports should be sufficient to bear the weight
of the tube and to carry the required current.

The tube cathode connection must be fixed to its support by means of steel
bolts, which should be well tightened.

The anode cable must be fixed to the corresponding terminal on the apparatus
using a steel bolt.

Where applicable the anode cable must also be connected to the tube lead-in
with a steel bolt using two wrenches.

A check should be made periodically to ensure that the bolts are securely fixed
and the contact surfaces still clean. This must be done in any case after the
first few hours of operation following the installation of a new tube. Discol-
ouration of the contact area is indicative of a poor contact.

In making the cathode and ignitor connections, care should be takennot to dam-
age the ignitor lead-in. It is recommended to use the ignitor cable supplied by
the manufacturer.

Ignitrons are mechanically strong and will withstand moderate shocks. Opera-
tion will be most stable however, if they are protected against shock and vi-
bration which would disturb the surface of the mercury pool and tend to change
the tube operating characteristics.

Ignitrons must be shielded against strong R.F. and magnetic fields.
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WATER COOLING

The cooling water must satisfy the following requirements as regards the con-
tent of solids and soluble chemicals:

L..pH 7to9

2. Max. weight of chlorides per litre 15 mg.
Max. weight of nitrates per litre 25 mg.
Max. weight of sulphates per litre 25 mg.

3. Max. weight of insoluble solids per litre 25 mg.

4. Total hardness per litre max. 10 German degrees/18 French degrees/12.5
English degrees/10.5 US degrees.

5. Specific resistance min. 2000 Qcm.

In most cases tap-water will satisfy these requirements. If the water locally
available is unsuitable a system of cooling employing a heat exchanger with
sufficient suitable water in circulation can alternatively be used.

The temperature of the cooling water should be at least 10 °C.

The water-hoses must be of electrically insulating material and should be con-
nected to the ignitrons so that the water enters the water jacket at the bottom
and leaves it at the top. Up to 3 tubes may be cooled in series. The hoses
should have a length of at least 50 cm in order to ensure that the electrical re-
sistance of the internal water column is sufficiently high. They should be fixed
by means of clamps to the hose nipples, care being taken that no leakage can
occur. The water must be allowed to flow freely from the last tube into a fun-
nel, which enables the water flow to be easily checked and prevents the water
pressure in the jackets from becoming excessive. The water pressure in the
tube jackets should never exceed 3.5 atm (50 pounds/square inch).

The water jackets of ignitrons are normally connected to the mains and thus
have mains potential to earth. When thermostatic switches are used they must
therefore be capable of withstanding this operating voltage. Should the thermo-
stat not be rated for mains voltages an isolating step-down transformer can be
used to protect it from damage.

The tubes should not be put into operation until all air is removed.from the
cooling system and filling completed. This is indicated by water flowing from
the outlet pipe on the last tube.

The cooling system should be installed so that the water jackets are not emp-
tied by the water flowing or syphoning away. As an aid to ensuring that the
tubes have been correctly installed a useful test is to momentary close the
stop valve after filling and check that after a brief interval the outflow of water
ceases. A continuous flow of water when the stop valve is closed is evidence of
faulty installation and may result in the tubes being completely drained when
the equipment is finally shut down. When recommencing operations unless an
interval is allowed for refilling this may endanger the tubes.
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Important note

In the tube data, ratings are given for the required waterflow as a function of
the averagetube current and water inlet temperature. It is often more econom-
ical to use continuous water cooling according to the reduced cooling ratings
rather than a water saving thermostat and solenoid valve. This enables a more
constant tube temperature to be obtained which, moreover improves the life
expectancy of the tube.

TUBE PROTECTION

Care must be taken to ensure that the prescribed temperature limits of ig-
nitrons are never exceeded. When the tubes are cooled with tapwater the tem-
perature of which remains within the rated limits, it is generally sufficient to
ensure that an adequate quantity of water flows through the jacket. To prevent
the temperature of the tubes becoming excessive in the event of afailure of the
water supply, e.g.: stopped-up or defective hoses, insufficient pressure of the
water mains, accidentally closed main cock etc. a protectingthermostat should
be used. If the temperature limit set by the protecting thermostat is exceeded
either the ignition circuits of the ignitrons are interrupted or the main circuit
breaker is tripped by means of a relay. The protecting thermostat, which
should be mounted on the last tube of a series, should not actuate its relay un-
der normal operating conditions.

In a three phase welding service using 6 tubes it is recommended that not more
than 3 tubes are connected hydraulically in series for cooling purposes. When
ignitrons are used for heavy power switching at a high duty factor the internal
tube temperature rises very rapidly. Under such conditions it is advisable for
the cooling water to circulate through the jackets as soon as the master switch
is closed.

Note

When ignitrons are used as rectifiers with the cathode not at earth potential,
an electrolytic erosion target connected to the metal envelope may be used to
avoid corrosion of tube parts.

SWITCHING

Before firing and during operation the anode and lead-in insulator should al-
ways be at a higher temperature than the cooling water. If necessary, a suit-
able heating device can be used to maintain the required temperature differ-
ence.

Care must be taken not to touch live parts, such as the water jackets which are
at full line voltage. Some tube types have a plastic-coated water jacket which
can withstand voltages up to 3 kV. With this type water condensation on the
jacket is kept to a minimum under conditions of high humidity and low cooling
water temperature. The uncoated tube parts are at full line voltage.

BT
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To prevent mercury from re-condensing on the anode and the anode insulator
when the installation is switched off, the cooling water should be allowed to
flow through the tubes so that all internal parts are evenly cooled down; this
normally takes from 15 to 30 minutes.

Incompletely cooled tubes must always be kept with the anode connection up-
permost. B

Mercury may also condense on the anode insulator as a result of cold air
draught in the vicinity of the tube. It is then necessary either to prevent the
occurence of the air flow or to ensure that the anode and anode insulator are
not cooled down to a temperature below that of the cooling water.

SPARE TUBES

In order to have some tubes available in a ready-for-use condition it is advis-
able to place an adequate number of tubes with the anodes uppermost under a
lighted incandescent lamp. The heat produced by the lamp is sufficient to re-
move any mercury deposits on the anode insulator.

TUBE RATINGS

Parameters of the particular ignitron type are the demand and max. average
currents.

The demand is the total permissible power which an ignitron contactor can
handle in a single-phase control system (acting as a power switch). It is
equal to the product of the R.M.S. values of line voltage and contactor cur-
rent.

The max. average current is valid for a limited demand (or peak current)only.
For higher demands or higher peak currents the permissible average current
must be reduced as indicated on the particular derating curve.

The longest time over which the max. average current may be calculated is
the max. averaging time.

Diagram showing the relationship between
max. average anode current and demand
or peak anode current respectively:

a) Max. average anode current for lower
demand or peak currents.

b) Demand (peak current) up to which this
value applies. i s
log. max. average current "

log. demand current or
peak anode current

c) Max. average current at max. demand
or peak current.
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All data assumes full cycle conduction with an equally distributed load on all
ignitrons, regardless of whether phase control is used.

The load must be limited so that at zero phase delay no overload will result.
The parameters of a particular ignitron give the derived values, depending on
line voltage. The parameters may be calculated as follows:

y i 4 (kVA) P = demand
1) Demand current: Igys e oy VRMS)” 1000 (ARMS) Ve ighe vollags
2) Max. duty factor: 6 = 2.22 iA_V 100 (%) IAy = max. av. current
RMS

3) Max. number of cycles within max. averaging time;
n=f. 100 TAVmax f = mains frequency

4) Integrated R.M.S. load current:
6
[ 22
F =IRMS . \/ 755 ARMS)
The tube parameters are tabulated for every ignitron type at several values of
mains voltage.

IGNITOR RATINGS

The ignitor of an ignitron should never carry a negative current, i.e. current
resulting from the ignitor being negative with respect to cathode.

The possibility of this occuring can be avoided by incorporating a rectifying
element in the ignitor circuit.

The ignitor current and voltage required to ensure reliable firing of the tube is
given on the ignitron data sheet. In addition, maximum limiting values are
quoted which must not be exceeded.

IGNITION CIRCUITS

Two types of excitation are in common use:

A. Self (anode) excitation used in single phase resistance welding and similar
applications.

B. Separate excitation used in all other applications.

Typical examples are given in fig.1 (self excitation) and fig.2 (separate exci-

tation).

For both circuits two fuses, Fj and Fy are recommended.

F| safeguards the ignition circuit; Fg is connected directly in series with the

ignitor, protecting it against shorting between the main anode and ignition cir-

cuits.

T
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9 VRms
Fig.1

Fig.2

Th” Dy

L3 R

# Indicate identical phase

The ignitor must be connected to its control circuit by a screened lead which
affords protection against R.F. fields. It is inadvisable to operate separate
excitation in the absence of anode mains voltage.

A. Anode excitation (fig.1)

The "Ignitor voltage required to fire", must not be interpreted as the in-
stantaneous value of mains voltage at the instant of ignition, but as the volt-
age measured between the ignitor lead-in and cathode. The values of the re-
sistors in the ignition circuit and the level of supply voltage should be chosen
so that the prescribed value of voltage is applied to the ignitor.

Recommended values of R are given in the data sheets. Deviations from these
recommended values may impair the performance of the tube.

To ensure a short and reproducible delay between the firing of the ignitor and
anode take-over, the rate of rise of ignition current must be sufficiently high.
The current rise time is mainly determined by the reactance of the load and
at high load reactances it may be too small for proper ignition. In such cir-
cumstances separate excitation can be successfully used.
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B. Separate excitation (fig.2)

With separate excitation ignition of the ignitron is independent of the anode
circuit parameters. This method is therefore suitable for rectifiers and for
A.C. control circuits where the available voltage at the desired ignition angle
is, or is very mearly, below the required minimum value for reliable firing.

AUXILIARY ANODE CIRCUIT

When a rectifier feeds a load which generates a back e.m.f., the available
voltage between the main anode and cathode will often be insufficient to ensure
takeover of the arc discharge when the tube is fired. Moreover, if the ignition
current is too small, the main discharge may cease prematurely.

For this reasonignitrons designed for usein rectifying equipment are provided
with an auxiliary anode which maintains the arc discharge during the period
when the main anode voltage falls below the minimum value necessary for con-
tinued conduction of the tube. The auxiliary anode should be connected to a low

voltage A.C. source so that auxiliary anode current flows throughout tube con-
duction.

MAIN CIRCUIT

When the main discharge of an ignitron is interrupted voltage transients are
produced in the transformer primary due to its self-inductance,which may
puncture the insulation of the transformer.

In resistance welding circuits the transients may be reduced by a damping re-
sistor mounted across the transformer primary terminals. The values of the
current drawn by this resistor are determined by the duty factor of the ma-
chine.

In rectifier circuits damping is obtained by a series R.C. circuit shunted a-
cross the transformer primary.

Cathode and/or anode Breakers are usually required in addition to the supply
switches, particularly when back e.m.f.'s are present.
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RATING SYSTEM

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of operating and environmental con-
ditions applicable to any electronic device of a specified type as defined by its pub-
lished data, which should not be exceeded under the worst probable conditions.

These values are chosen by the device manufacturer to provide acceptable service-
ability of the device, taking no responsibility for equipment variations, environmental
variations, and the effects of changes inoperating conditions due to variations in the
characteristics of the device under consideration and of all other electronic devices
in the equipment.

The equipment manufacturer should design so that, initially and throughout life, no
absolute maximum value for the intended service is exceeded with any device under
the worst probable operating conditions with respecc to supply voltage variation, equip-
ment component variation, equipment control adjustment,load variations, signal
variation, environmental conditions, and variations in characteristics of the device
under consideration and of all other electronic devices in the equipment.
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OBSOLESCENT TYPE

PL5551A

Replaced by ZX1051

IGNITRON

B size ignitron intended for use in single-phase and three-phase resistance
welding control and similar A.C. control appplications.

The tube has a stainless steel water cooling jacket, quick change water con-
nections and a temperature sensing pad for mounting of a thermostat.

QUICK REFERENCE DATA

Maximum demand power
(two tubes in inverse parallel)

Maximum average current
Ignitor voltage

Ignitor current

600 kVA

56 A
max. 200 V
max. 12 A

MECHANICAL DATA
Dimensions and connections
Net weight

Shipping weight

Mounting position

Accessories
Ignitor cable

Water hose connections: hose nipple
coupling nut

Overload protection thermostat

Water economy thermostat

see page 2
1420 g
2040 ¢

vertical, anode connection up

type

type
type
type

or

type
or

55351

TE1051c¢c
TE1051b

55306
55318

55305
55317

Jifll
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PL5551A

DIMENSIONS AND CONNECTIONS Dimensions in mm

45°+ 50

60412

1%1 f 125 207468
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OBSOLESCENT TYPE PL5552A

Replaced by ZX1052

IGNITRON

C size ignitron intended for use in single-phase resistance welding control and
similar A.C. control applications.

The tube has a stainless steel watercooling jacket, quick change water connec-
tions and a temperature sensing pad for mounting of a thermostat.

QUICK REFERENCE DATA

Maximum demand power

(two tubes in inverse parallel) 1200 kVa
Maximum average current 140 A
Ignitor voltage max. 200 V
Ignitor current max. 12 A

MECHANICAL DATA

Dimensions and connections see page 2 e
Net weight 3200 ¢ e
Shipping weight 4460 g
Mounting position vertical, anode connection up
Accessories
Ignitor cable type 55351
Water hose connections: hose nipple type TE1051c
coupling nut type TE1051b
Over load protection thermostat type 55306
or 55318
Water economy thermostat type 55305
or 55317
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PL5552A

Jifll

DIMENSIONS AND CONNECTIONS

S
D

max53¢. _
e}
H
N
®
G3/8"
~
+H
o~
['s]
® ™
+l
D
©
aQ
12.HI_' < k 7zou#'

Dimensions in mm

o 1s

¢
¢
30

OBSOLESCENT TYPE
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OBSOLESCENT TYPE PL5553B

Replaced by ZX1053

IGNITRON

D size ignitron intendedfor use in single-phase andthree-phase resistance welding
control and similar A.C. control applications.

The tube has a stainless steel watercooling jacket, quick change water connections
and a temperature sensing pad for mounting of a thermostat.

QUICK REFERENCE DATA
Maximum demand power
(two tubes in inverse parallel) 2400 kVA
Maximum average current 355 A
Ignitor voltage max. 200 V
Ignitor current max. 12 A
MECHANICAL DATA E
Dimensions and connections see page 2 E:
Net weight 9.4 kg
Shipping weight 12 kg
Mounting position vertical anode connection up
Accessories
Ignitor cable type 55351
Water hose connections: hose nipple type TE1051c
coupling nut type TE1051b
Overload protection thermostat type 55306
or 55318
Water economy thermostat type 55305
or 55317
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PL5553B

DIMENSIONS AND CONNECTIONS

Dimensions in mm

0 FJ_Z’1
a3 -
BE) 2
©| G
e max 76 Y
p— ) =
o T
=
G3/8" )\ max 146
37¢ | ﬁ
N
<
o
37 N +
w 0 2g
By ol ___1HIN
¢ *%ﬂﬁg 2
R0
) g
635¢ \|]¥]
il w O
T[HS o
INEE .S
B S O
’2 T 7207474 40
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MAINTENANCE TYPE PL5555

IGNITRON

D-size ignitron intended for use in rectifier circuits and in single-phase and three-
phase welding control and similar A.C. control applications.

QUICK REFERENCE DATA

Maximum demand power

(two tubes in inverse parallel) 2400 kVA
Maximum average current 207
Ignitor voltage max. 200
Ignitor current max. 15

> < >

MECHANICAL DATA

Dimensions and connections see page 2
Net weight 9.6 kg
Shipping weight 12.6 kg

ACCESSORIES

Ignitor cable type 55351
Auxiliary anode cable type 55351
Anode cable type 55350
Water hose connections: hose nipple type TE1051c
coupling nut type TE1051b

April 1970 “ 1
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PL5555

1111

DIMENSIONS AND CONNECTIONS Dimensions in mm

7 Y|
,7._7 ‘
|0

11 34 |
R ]
i A o o
© T i
@
! ne
HH
o |
58

o~

S |

|
|

105
t4

—— u;

anode connector 55350
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|| PL55SS

TEMPERATURE LIMITS AND COOLING
TYPICAL CHARACTERISTICS

Pressure drop of cooling water (q = 9 1/min) pi max. 0.2 kg/cm2
Temperature rise at max.average current to-ti 5.5 9C
(q = 9 1/min)
LIMITING VALUES
Required water flow, atmax. average current q min. 9 1/min
atno load q min. 3 1/min

Inlet temperature, for substantially constant load ) tj min. 6 ©°C2)

for widely fluctuating load 1) t min. 20 ©°C

1) When a number of tubes is cooled in series, tj min. refers to the coldest tube.

2) Recommended value min. 10 °C
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PL5555

T

ELECTRICAL DATA
LIMITING VALUES (Absolute max. rating system)

The limiting values are based on full cycle conduction duty, with equally distributed
load on all ignitrons, regardless of wether phase control is used or not. The load
must be limited so that at zero phase delay no overload will result.

Rectifier service and three-phase frequency changer

Mains frequency range f 25 to 60 Hz
Max. anode voltage, forward peak Vap max. 900 2100 V
reverse peak Vinvp max. 900 2100 V

Max. anode current, peak Iap max. 1800 1200 A
, average Lyy max. 200 150 A

, average 1) 3) Tiv max. 300 225 A

, average 2) 3) Lo max. 400 300 A

Max. surge current, Tmax = 0.15 s Isurge max. 12000 9000 A

Single phase A.C. control two tubes in inverse parallel connection

Mains frequency range f 25 1o 60 Hz
Max. mains voltage v max. 2400 2400 VRMS
Max. demand power P max. 2400 1105 kVA
Max. average current, Taymax. 1.66s Iy max. 135 207 A
Max. surge current, Tyax = 0.15 s ISurge max. 6000 6000 A

LIMITING VALUES for auxiliary anode

Max. anode voltage, forward peak Va max. 160 V
inverse peak Vinvp max. 25 V%)
inverse peak Vinvp max. 160 V 5)

Max. anode current, peak Iahp max. 20 A
average, Tay=max. 10s Ian max. 5 A

1) Two-hours overload; Tgy = max. 2 min; repeated not more than once every 24 h.

2) One minute overload; Tay = max. 1 min; repeated not more than once every 2 h.

3) Overload based on the thermal characteristics of the ignitron.During the intervals
between the specified overloads, the rated continuous load may not be exceeded.
The two specified periods with overload may not overlap.

4) Main anode conducting

5) Main anode not conducting
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PL5555

IGNITOR CHARACTERISTICS AND CIRCUIT REQUIREMENTS

LIMITING VALUES (Absolute max. rating system)

Ignitor voltage, forward peak Vigp max. Vap
inverse peak (including
any transients) -Vigp max. 9, V.
Ignitor current, forward peak ligp max. 100 A
forward RMS ligRMS max. 15 A
forward average (Tyy = max. 10s) lig max. 2: A
SEpavae expitation
Recommended circuit for separate excitation
VRMs
D thy" L F F ™"
1 1 pe e 1 L b N
100 uH oo LN [\
R=max Q20 R=max020 T
R 050 0503 L R
1 % T 1
. [es——
J- Dz P Primary ) 0269 —
o N E=l —
- 4 8 T o 1 > T207432.2 p—
= —_—
* Indicate identical phase
Capacitor value 2 uF
Capacitor voltage 650 V +10%
Peak value of closed circuit current 80 to 100A
1) The thyristor may be substituted by a thyratron
9
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ZX1051

IGNITRON

B size ignitron intended for use in single-phase and three-phase resistance
welding control and similar A.C. control applications.

The tube has a plastic coated stainless steel watercooling jacket, quick change
water connections and a temperature sensing pad for mounting of a thermostat.

QUICK REFERENCE DATA

Maximum demand power

(two tubes in inverse parallel) 600 kVA
Maximum average current 56
Ignitor voltage 150 Vv
Ignitor current max. 12 A

MECHANICAL DATA

Dimensions and connections see page 2
Net weight 1420 g
Shipping weight 2040 g
Mounting position vertical, anode connection up
Accessories
Ignitor cable type 55351
Water hose connections: hose nipple type TE1051c
coupling nut type TE1051b
Overload protection thermostat type 55306
or 55318
Water economy thermostat type 55305
or 55317
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ZX1051

DIMENSIONS AND CONNECTIONS

.‘-%ii 50
7
O

25015

550+10-

3105

7

208376

Dimensions in mm
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ZX1051

TEMPERATURE LIMITS AND COOLING

TYPICAL CHARACTERISTICS
Pressure drop of cooling water (q = 2 1/min) Pi max.0.08 kg/crn2
Temperature rise at max. average current

(q = 2 1/min) tyt; max. 6 90
LIMITING VALUES (Absolute max. rating system)

A.C. control setvice

Required water flow at max. average current q min. 2 1/min
(See also page 9)

Inlet t ature 1) ¢ min. 10 ©C
g 1 max. 40 °C

Temperature of thermostat mount 2) t max. 50 °C

m

Intermittent rectifier service or three-phase welding service

Required continuous water flow at max. average
current q min. 2 1/min

Inlet t atu 1) g e g
nlet temperature i max. 35 °C

Temperature of thermostat mount 2) t max. 45 ©OC

Pulse service

Under conditions of pulse service with low average load (less than 1 A)contin-
uous cooling is normally not required. The cooling jacket can e.g. be perma-
nently filled with oil.

Care should be taken to prevent condensation of mercury at the anode or glass
seal. See also "Application directions ignitrons".

Recommended condensed mercury temperature tHg 25t0 30 °C

l) When a number of tubes is cooled in series, tj min refers to thecoldest tube
and tj max, to the hottest tube.

2) WARNING. The thermostat mount is at full line voltage.
When the cooling systems of a number of tubes are connected in series the
overload protecting thermostat should be mounted on the last and the water
economy thermostat on the last but one tube.

February 1968 3
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ELECTRICAL DATA
LIMITING VALUES (Absolute max. rating system)

The limiting values are based on full cycle conduction duty, with equally dis-
tributed load on all ignitrons, regardless of whether phase control is used or
not.

The load must be limited so that at zero phase delay no overload will result.

Single phase A.C. control, two tubes in inverse parallel connection.

Table I. See also pages 10,11 and 12.

Mains frequency range f 25 to 60 Hz
Mains voltage v 220%)| 250| 380 500| 600|VRMs
Max. averaging time T,ymax| 18 18|11.8 91 7.5|s
A. Max. demand power
Max. demand power P rian 530 | 600| 600| 600( 600 |kVA
Corresponding
max. average current [ 30.2130.2(30.2(30.2(30.2(A
Demand current IpMs 2400 {2400(1600 (1200 {1000 ARMS
Duty factor 6 2.8 2.8f 4.2( 5.6 6.7|%
Number of cycles
within Tgy max. 2) n(50Hz)| 25| 25| 25| 25| 25|c/T,,max
Integrated RMS load
current Ig 400 | 400] 320| 280| 260|ARMs

B. Max. average current
Max. average current I, max 56| 56| 56| 56| 56|A

av
Corresponding
max. demand power P 180 | 200| 200| 200| 200|kVA
Demand current IRMS 800 | 800| 530| 400| 330|Agps
Duty factor 6 15.6 |15.6]23.531..1]37.7 |%
Number of cycles
within T,y max. ©) n(50Hz)| 140| 140| 140| 140| 140|c/Tay max
Integrated RMS load
current Ig 320| 320 260| 220| 200(ArMS
Max. surge current Isurge 6700 |6700|4500|3400)2800| A

(Tinax = 0.15 8)

1) For mains voltages below 250 V S the max. demand current and max.
averaging time valid at 250 V shﬁfdnot be exceeded.

2) This is the maximum integrated number of cycles a pair of tubes may con-
duct with or without interruption during the maximum averaging time:
nmax = duty factor x T,, max x mains frequency.

4 l ’ April 1970
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LIMITING VALUES (Absolute max. rating system; continued)

Intermittent rectifier service or frequency changer resistance welding service

Mains frequency range f 50 to 60 Hz
Anode voltage, forward peak Va fwdp max 1200 | 1500 | V
inverse peak Va invp max 1200 | 1500 | V
A. Max. peak current
Anode current, peak Iap max 600 | 480 | A
Corresponding average current Iay 5 4 A

B. Max. average current

Anode current, average I3y max 22,5 18 | A
Corresponding peak current Iap 135 108 | A
Averaging time T4y max 10 10| s
Ratio Ia/Iap (T,y = max. 0.5 s) Ia/lap max 1/6 | 1/6
Ratio Isurge/lap (Tmax = 0.15 s) Isurge/lap max | 12.5] 12.5

Pulse service

Under certain conditions this ignitron may be used to switch aperiodic current
pulses to a very high value (up to 50 kA) and voltages up to 10 kV. The per-
formance depends on the circuit in which the tube is used. The manufacturer
should be consulted.

March 1969 5
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

LIMITING VALUES (Absolute max. rating system)

Ignitor voltage, forward peak Vv

igp
inverse peak (including any
transients) ‘Vigp
Ignitor current, forward peak Iigp
inverse peak ’Iigp
forward RMS IigRMS

forward average(Tay =max.5s) Iig

A. Anode excitation

Ignitor characteristics

Firing voltage Vi

Firing current I.

Ignition time at the above voltage
or current Tig

Ignition circuit requirements

Peak voltage required to fire Vp
Peak current required to fire Ip
Rate of rise of ignitor current di/dT

max. 2000 V
max. B YV
max. 100 A
max 0 A
max. 10 A
max 1 A
150 V

6to8 A

max. 12 A

min. 200 V
min. 12 A
min. 0.1 A/us

1 Ignition time is taken from the instant that the stated voltage and current

are reached.
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Lol
IGNITOR CHARACTERISTICS AND IGNITRON CIRCUIT REQUIREMENTS
(continued)

Recommended circuits for anode excitation
9 VRms

i

|

I

|

,l

VRMS 220 250 380 500 600 V i

i

R 2 2 4 5 6 @ ¥

F{ = 2 A fast response time 1

Fop = 10 A fast response time {

D = zener voltage > 18 V E

—

Bl

TE076341
Anode excitation with common thyristor

1) The thyristor-zener diode combination may be substituted by a thyratron.

March 1969 7
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

(continued)
Fefepmate exgitation
Recommended circuit for separate excitation
Vems o
Th‘) D]
A
NN
"-:c Ry
* 7632.2
T
# Indicate identical phase
Capacitor value C 2 8 uF
Capacitor voltage Ve 650 400 V + 10%
Peak value of closed circuit current 80 to 100 A

1) The thyristor may be substituted by a thyratron.

8 March 1969
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Intermittent rectifier service 7207449
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IGNITRON

C size ignitron intended for use in single-phase resistance welding control and

similar A.C. control applications.

The tube has a plastic coated stainless steel watercooling jacket, quick change
water connections and a temperature sensing pad for mounting of a thermostat.

QUICK REFERENCE DATA
Maximum demand power
(two tubes in inverse parallel) 1200 kVA

Maximum average current 140 A

Ignitor voltage 150 V

Ignitor current max. 12 A
MECHANICAL DATA E
Dimensions and connections see page 2 E
Net weight 2820 g T
Shipping weight 4080 ¢

Mounting position

Accessories
Ignitor cable

Water hose connections: hose nipple
coupling nut

Overload protection thermostat

Water economy thermostat

vertical, anode connection up

type

type
type
type

or

type
or

55351

TE1051c¢
TE1051b

55306
55318

55305
55317
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1]

DIMENSIONS AND CONNECTIONS Dimensions in mm
45
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TEMPERATURE LIMITS AND COOLING

TYPICAL CHARACTERISTICS
Pressure drop of cooling water (q = 5 1/min) Pi max. 0.16 kg/c:m2

Temperature rise at max. average current
(q = 5 1/min) b4t max. 6 .20

LIMITING VALUES (Absolute max. rating system)

A.C. control service

Required water flow at max. average current q min. 5 1/min.
(See also page 10)
0
1 ) min 10 “¢
Inlet temperature *) 157 max. 40 OC
Temperature of thermostat mount 2) tem max. 50 ©C

Pulse service

Under conditions of pulse service with low average load (less than 1 A) contin-
uous cooling is normally not required. The cooling jacket can e.g. be perma-
nently filled with oil.

Care should be taken to prevent condensation of mercury at the anode or glass
seal. See also "Application directions ignitrons"

Recommended condensed mercury temperature 'Hg 25 030 - 9C

1y When a number of tubes is cooled in series, tjmin refers to the coldest tube
and tj max. to the hottest tube.

2) WARNING: The thermostat mount is at full line voltage.
When the cooling systems of a number of tubes are connected in series the
overload protecting thermostat should be mounted on the last and the water
economy thermostat on the last but one tube.

February 1968 3
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ELECTRICAL DATA
LIMITING VALUES (Absolute max. rating system)

The limiting values are based on full cycle conduction duty, with equally dis-
tributed load on all ignitrons, regardless of whether phase control is used or
not.

The load must be limited so that at zero phase delay no overload will result.

Single phase A.C. control, two tubes in inverse parallel connection.

Table I. See also pages 8, 9,and 11

Mains frequency range f 25 to 60 Hz
Mains voltage \ 2201)| 250| 380| 500| 600|VRMS
Max. averaging time Tyymax| 14 14| 9.4 71 5.8]s
A. Max. demand power
Max. demand power Prax 1060 | 1200{1200]1200 {1200 [kVA
Corresponding
max. average current I,y 75.6 |75.6]75.6|75.6|75.6 |A
Demand current IRMs (4800 {4800|3150{2400{2000 |ARMmS
Duty factor 6 3.5 | 3.5] 5.3| 7:0| 8:4|%
Number of cycles
within T,y max. 2) n(50Hz)| 25| 25| 25| 25| 25|c/Taymax
Integrated RMS load
current Ig 900 | 900 720 630 580|ARMS

B. Max. average current
Max. average current I, max | 140 | 140| 140| 140| 140(A

Corresponding

max. demand power P 350 | 400( 400| 400| 400|kVA
Demand current IRmMs  |1600 | 1600{ 1050 800 660 |ARMS
Duty factor 6 19.4 [19.4(29.5|39.0(47.0(%
Number of cycles

within T, max. 2) n(50Hz)| 140 | 140| 140| 140| 140|c/Taymax
Integrated RMS load

current Ig 700 | 700{ 570| 500| 450|ARmMS
Max. surge current Isurge |[13.5]13.5 9.0] 6.7 5.7[kA

(Tmax = 0-15 s)

1) For mains voltages below 250 VRMs the max. demand current and max.
averaging time valid at 250 V shall not be exceeded.

2) This is the maximum integrated number of cycles a pair of tubes may con-
duct with or without interruption during the maximum averaging time:
npax = duty factor x Tyymax x mains frequency.
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ELECTRICAL DATA (continued)
Pulse service

Under certain conditions this ignitron may be used to switch aperiodic current
pulses to a very high value (up to 100 kA) and voltages up to 10 kV. The per-
formance depends on the circuit in which the tube is used. The manufacturer
should be consulted.

IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

LIMITING VALUES (Absolute max. rating system)

Ignitor voltage, forward peak Vigp max. 2000 V

inverse peak (including any
transients) 'Vigp max. 5 V
Ignitor current, forward peak Iigp max. 100 A
inverse peak ‘Iigp max. 0 A
forward RMS ligRMs max. 10 A
forward average (Ty, = max. 5 s) lig max. 1 A

A. Anode excitation
Ignitor characteristics

Firing voltage Vig 150 V
Firing current Iig 6to8 A

max. 12 A

Ignition time at the above voltage
or current Tig max. 50 pwsl)

Ignition circuit requirements

Peak voltage required to fire Vp min. 200 V
Peak current required to fire Ip min. 12 A
‘Rate of rise of ignitor current di/dT min. 0.1 A/us

1y Ignition time is taken from the instant that the stated voltage and current
are reached.
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS
(continued)

Recommended circuits for anode excitation

? VRMs

Anode excitation with individual thyristors

VRMs
VrMms 220 250 380 500 600 V

R 2 2 4 5 6 £
|

Ey = 2 A fast response time
= Eq = 10 A fast response time
E D = zener voltage > 18 V

72094341
Anode excitation with common thyristor

1y The thyristor-zener diode combination may be substituted by a thyratron.

6 March 1969
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

(continued)
B. Separate excitation
Recommended circuit for separate excitation
VRMs

Th‘) D|

ey R

Tc }

* 17%32.2
ot b T
# Indicate identical phase

Capacitor value (& 2 8 wF
Capacitor voltage Ve 650 400 V £10%
Peak value of closed circuit current 80 to 100 A

1) The thyristor may be substituted by a thyratron.

March 1969 ; 7
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72089863
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Minimum required continuous waterflow (two tubes cooled in series)
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ZX1053

IGNITRON

D size ignitron intended for use in single-phase and three-phase resistance
welding control and similar A.C. control applications.

The tube has a plastic coated stainless steel watercooling jacket, quick change
water connections and a temperature sensing pad for mounting of a thermostat.

QUICK REFERENCE DATA

Maximum demand power

(two tubes in inverse parallel) 2400 kVA
Maximum average current 355 A
Ignitor voltage 180 V
Ignitor current max. 12 A

MECHANICAL DATA

Dimensions and connections see page 2
Net weight 8.7 kg
Shipping weight 11 kg
Mounting position vertical, anode connection up
Accessories
Ignitor cable type 55351
Water hose connections: hose nipple type TE10S1c
coupling nut type TE1051b
Overload protection thermostat type 55306
or 55318
Water economy thermostat type 55305
or 55317

v
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A

DIMENSIONS AND CONNECTIONS Dimensions in mm
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TEMPERATURE LIMITS AND COOLING

TYPICAL CHARACTERISTICS

Pressure drop of cooling water (q = 9 1/min) p. max.

Temperature rise at max. average current

(q = 9 1/min) ty-ti max.

LIMITING VALUES (Absolute max. rating system)

A.C. control service

Required water flow at max. average current q min.
(see also page 9) )
Inlet temperature 1) ti oy
max.
Temperature of thermostat mount 2) toa max.

Intermittent rectifier service or three-phase welding service

Required water flow at max. average current q min.
Inlet temperature 1) t 1R
max.

Temperature of thermostat mount 2)

l) When a number of tubes is cooled in series, t

and t; pax. to the hottest tube.

i min

2) WARNING. The thermostat mount is at full line voltage.

t;m ~ max.

0.35

10
40

50

10
35

kg/cm2

%e

1/min.

g

%€

1/min.

%
oc
%

refersto the coldest tube

When the cooling systems of a number of tubes are connected in series the
overload protecting thermostat should be mounted on thelast and the water

economy thermostat on the last but one tube.

(1R
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ELECTRICAL DATA
LIMITING VALUES (Absolute max. rating system)

The limiting values are based on full cycle conduction duty, with equally dis-
tributed load on all ignitrons, regardless of whether phase control is used or
not.

The load must be limited so that at zero phase delay no overload will result.

Single phase A.C. control, two tubes in inverse parallel connection

Table I. See also pages 10, 11 and 12

Mains frequency range f 25 to 60 Hz
Mains voltage v 2201)| 250 380| 500( 600 [VRps
Max. averaging time Tagymax| 11 11 7.3| 5.6| 4.6 s
A. Max. demand power
Max. demand power P max [2120 [2400 (2400 (2400|2400 |kVA
Corresponding
max. average current I,y 192 | 192 192| 192 192 |A
Demand current IRMS 9600 [9600)6300 (4800 (4000 |ARMS
Duty factor 6 4.4 | 4.4| 6.8] 8.8(10.6|%

Number of cycles
within T,y max. 2)  n(50Hz)| 25| 25| 25| 25| 25|c/Taymax
Integrated RMS load

current I 2000 [2000|1640|1420(1300 [ARMS
B. Max. average current

Max. average current Ioymax | 355 | 355| 355| 355| 355)A
Corresponding

max. demand power P 700 | 800| 800( 800| 800|kVA
Demand current IRMS 3200 | 3200/ 210016001320 |ARMS
Duty factor 6 24.6 (24.6|37.5|49.3[60.0|%
Number of cycles

within T,y max. 2) n(50Hz)| 140 | 140| 140| 140| 140|c/T,ymax
Integrated RMS load

current Ig 1600 | 1600{1300| 1130| 1020| AR ms
Max. surge current Isurge 27 27(17.8]13.5|11.2|kA

(Tmax =0.15s)

1) For mains voltages below 250 VRMs the max. demand current and max.
averaging time valid at 250 V shall not be exceeded.
2) This is the maximum integrated number of cycles a pair oftubes may con-

duct with or without interruption during the maximum averaging time:
N max = duty factor x Tay max x mains frequency.

4 April 1970
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LIMITING VALUES

(Absolute max. rating system; continued)

Inteérmittent rectifier service or frequency changer resistance welding service

Mains frequency range 7 50 to 60 Hz
Anode voltage, forward peak Va fwdy, max 600 [ 1200|1500 V
inverse peak Vg inv,, max 600 {1200 1500 V
A. Max. peak current
Anode current, peak Iapmax 4000 | 3000 | 2400 A
Corresponding average current L 54| 40 32 A
B. Max. average current
Anode current, average I,y max 190 140| 112 A
Corresponding peak Iap 1140 | 840| 672 A }
Averaging time T4y max 6.256.25]|6.25 s |
Ratio Ia/Iap (Tyy = max. 0.5 s) Ia/Iap max 1/6 | 1/6| 1/6
Ratio Isurge/lap (Tiase = 0,15 8) Isurge/lap max |12.5|12.5(12.5
IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS E
LIMITING VALUES (Absolute max. rating system)
Ignitor voltage, forward peak Vigp max. 2000 V
inverse peak (including any
transients) —Vigp max. 5 V
Ignitor current, forward peak Iigp max. 100 A
inverse peak —Ijgp max. 0 A
forward RMS ligkRMs max. 10 A
forward average(TaV=max. 5 s) max. 1 A
January 1970 “ ” S
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

(continued)
T elh RO
Ignitor characteristics
Firing voltage Vig 180
Firing current Iig 6to8 A
max. 12 A
Ignition time at the above voltage
or current Tig max. 100 pus l)
Ignition circuit requirements
Peak voltage required to fire Vp min. 200 V
Peak current required for anode take over Ip 15to30 A 2)
Rate of rise of ignitor current di/dT min. 0.1 A/us

L) Ignition time is taken from the instant that the stated voltage and current
are reached.

2) The higher value holds for the lower anode voltage and the lower cooling
water temp., the lower value for higher anode voltage and higher cooling
water temp.

6 | l | | I January 1970
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

Recommended circuits for anode excitation

9 VRms

Anode excitation with individual thyristors

VRMS 220 250 380 500 600 V

R 2 2 4 5) 60
Fi1 = 2 A fast response time
B+ = 10 A fast response time P
D = zener voltage > 18 V —
R ihilanid
memm
72074361
Anode excitation with common thyristor i
1) The thyristor-zener diode combination may be substituted by a thyratron.

January 1970 7
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

B. Separate excitation

Recommended circuit for separate excitation

VRMs

. . I
* Indicate identical phase
Capacitor value 2 uF
Capacitor voltage 650 V + 10%
Peak value of closed circuit current 80 to 100 A

1) The thyristor may be substituted by a thyratron.

8 January 1970
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40 720743
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ZX1060

IGNITRON

Uprated A size ignitron intended for use in single-phase and three-phase resistance
welding control and similar A.C. control applications.

The tube has a plastic coated stainless steel watercooling jacket and quick change
water connections.

QUICK REFERENCE DATA
Maximum demand power (two tubes
in inverse parallel) at 600 VRMS 1200 kVA
Maximum average current 35 A
Ignitor voltage 150 v °
Ignitor current max. 12 A

MECHANICAL DATA

Dimensions and connections see page 2 e
il
A ez
Net weight 1250 g E
Shipping weight: 1800 g
Mounting position vertical anode connection up
Accessories
Ignitor cable type 55351
Water hose connections: hose nipple type TE1051c
coupling nut type TE1051b

January 1970 l | 1
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DIMENSIONS AND CONNECTIONS

Dimensions in mm

" 246
a! 226 1
983
I !
I
—»| 31max 38max
=
7=y
42
i’:lff 38
: G 3/8" {14
100 |
%—_ﬁ»———— Nl ( %g.g 196max
=L ! | R
| |- |
e 80 |

le—— 70max ——l 72099060
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TEMPERATURE LIMITS AND COOLING

TYPICAL CHARACTERISTICS
Pressure drop of cooling water (q = 2 1/min) Pi max. 0.1 kg/cm?
Temperature rise at max. average current

(@ =2 1/min) to-ti max. 5. 0@
LIMITING VALUES (Absolute max. rating system)

A.C. control service

Required water flow at max. average current q min. 3 1/min
(See also page 8)

min; -10:/9€

Inlet temperature 1) tj i, 40RO

Pulse service

Under conditions of pulse service with low average load (less than 1 A) continuous
cooling is normally not required. The cooling jacket can e.g. be permanently filled
with oil.

Care should be taken to prevent condensation of mercury at the anode or glass seal.
See also "Application directions ignitrons".

Recommended condensed mercury temperature tHg 25 to 30 0C
ELECTRICAL DATA (see page 4)

LIMITING VALUES (Absolute max. rating system)

The limiting values are based on full cycle conduction duty, withequally distributed
load on all ignitrons, regardless of whether phase control is used or not.
The load must be limited so that at zero phase delay no overload will result.

1y When a number of tubes is cooled in series, tj min refers to the coldest tube and
ti max to the hottest tube.

BT
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T

Single phase A.C. control, two tubes in inverse parallel connection

Table I. See also pages 9, 10 and 11

Mains frequency range f 25 to 60 Hz
Mains voltage v 2201)| 250| 380| 500| 600 VRms
Max. averaging time Tav max 18 18/ 11.8| 9.4 8| s
A. Max. demand power
Max. demand power Pmax 550| 630 850 1050 |1200| kVA
Corresponding
max. average current Iav 21 211 .21 21 21 A
Demand current IRMS 2500 | 2500(2250 | 2100 [ 2000| ARMS
Duty factor 6 L9 1.9 2.1 2.2| 2.31%
Number of cycles
within Tay max. 2) n(50 Hz) 16| 16| 12| 10 9| &/ Taviniax
Integrated RMS load
current I 345| 345| 325| 310 300| ARMS

B. Max. average current
Max. average current IAVmax 33 33| 33 33 33| A

Corresponding

max. demand power P 180 | 210f 280 | 350 | 400| kVA
Demand current IRMS 850 | 850| 750 | 700 | 660| ARMS
Duty factor 6 8.7 8.7| 9.9110.6|11.2| %
Number of cycles

within Tay max. 2) n (50 Hz) 78| 78| 58| 50| 45|c/Taymax
Integrated RMS load

current I 250 | 250 235| 230| 220| ARMS
Max. surge current Isurge 7000 | 70001 6300 | 5900 | 5600 | ARMS

(Trax,= 0:15:8)

Pulse service

Under certain conditions thisignitron may beused to switch aperiodic current pulses
to a very high value (up to 50 kA )and voltages up to 10 kV. The performance depends
on the circuit in which the tube is used. The manufacturer should be consulted.

1) For mains voltages below 250 VR)\s the max. demand current and max. aver-
aging time valid at 250 V shall not be exceeded.

2) This is the maximum integrated number of cycles a pair of tubes may conduct
with or without interruption during the maximum averaging time:
Nmax = duty factor X Tay max X mains frequency.

4 April 1970
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS
LIMITING VALUES (Absolute max. rating system)

Ignitor voltage, forward peak Vigp max. 2000 V

inverse peak (including any
transients) 'Vigp max. S V
Ignitor current, forward peak Iigp max. 100 A
inverse peak ‘Iigp max. 0 A
forward RMS ligRMS max. 10 A
forward average (Tay = max. 5s) lig max. 1. A

R, SHoDO SECHatoy
Ignitor characteristics

Firing voltage Vig 130 Vv
Firing current lig 6to8 A

max. 12 A

Ignition time at the above voltage
or current lig max. 50 wsl)

Ignition circuit requirements

Peak voltage required to fire Vp min. 200 V
Peak current required to fire Ip min. 12.¢A
Rate of rise of ignitor current di/dt min. 0.1 A/us

l)Ignition time is taken from the instant that the stated voltage and current are
reached.

LARRRRE
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS (continued)

Recommended circuits for anode excitation

? Vrms

VRMS
R

F; =
Fo =
Z =

Anode excitation with common thyristor

220
2

250 380 500 600 V
2 4 S 6 Q

2 A fast response time
10 A fast response time

zener voltage > 18 V

1) The thyristor-zener diode combination may be substituted by a thyratron.

(=)}
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS (continued)

B. Separate excitation

Recommended circuit for separate excitation

* Indicate identical phase

Capacitor value (& 2 8 WuF
Capacitor voltage Ve 650 400 V +10%
Peak value of closed circuit current 80to 100 A

1y The thyristor may be substituted by a thyratron.

M

January 1970 .
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T
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Minimum required continuous waterflow (two tubes cooled in series)
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ZX1061

IGNITRON

Uprated B size ignitron intended for use in single-phase and three-phase resistance
welding control and similar A.C. control applications.

The tube has a plastic coated stainless steel watercooling jacket, quick change
water connections and a temperature sensing pad for mounting of a thermostat.

QUICK REFERENCE DATA

Maximum demand power (two tubes
in inverse parallel) at 600 VRMS

Maximum average current
Ignitor voltage

Ignitor current

1200 kVA
70 A
150 Vv
max. 12 A

MECHANICAL DATA
Dimensions and connections
Net weight

Shipping weight

Mounting position

Accessories
Ignitor cable

Water hose connections: hose nipple
coupling nut

Overload protection thermostat

Water economy thermostat

see page 2
1660 g
2280 g

vertical, anode connection up

type 55351

type TE1051c

type TE1051b

type 55306
or 55318

type 55305
or 55317

L1l
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Hilll

DIMENSIONS AND CONNECTIONS Dimensions in mm

622112

Se 0

R~}

Ble

7208377.1
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TEMPERATURE LIMITS AND COOLING

TYPICAL CHARACTERISTICS
Pressure drop of cooling water (g = 3 1/min) Pi max. 0.1 kg/cm2

Temperature rise at max. average current
(g = 3 1/min) to T max. 5:5.2¢

LIMITING VALUES (Absolute max. rating system)

A.C. control service

Required water flow at max. average current q min. 3 1/min
(See also page 9)
min. 10 ©oC

Inlet temperature t T 40 0C

Temperature of thermostat mount 2) b max. 50 0C

Intermittent rectifier service or three-phase welding service

Required continuous water flow at

max. average current q min. 4 1/min
Inlet temperature 1) t; g - M
P L max. 32-.20 e
Temperature of thermostat mount 2) tm max. « 45  OC ——

Pulse service

Under conditions of pulse service with low average load (less than 1 A) continuous
cooling is normally not required. The cooling jacket can e.g. be permanently filled
with oil.

Care should be taken to prevent condensation of mercury at the anode or glass seal.
See also "Application directions ignitrons' .

Recommended condensed mercury temperature 'Hg 25 t0 30 OC

1) When a number of tubes is cooled in series, ti min refers to the coldest tube and
ti max to the hottest tube.

2) WARNING. The thermostat mount is at full line voltage.
When the cooling systems of a number of tubes are connected in series the over-
load protecting thermostat should be mounted on the last and the water economy
thermostat at the last but one tube.

November 1968 3
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ELECTRICAL DATA

LIMITING VALUES (Absolute max. rating system)

The limiting values are based on full cycle conduction duty, with equally distributed
load on all ignitrons, regardless of whether phase control is used or not.
The load must be limited so that at zero phase delay no overload will result.

Single phase A.C. control, two tubes in inverse parallel connection

Table I. See also pages 10 and 11

Mains frequency range f 25 to 60 Hz
Mains voltage \ 2201)| 250| 380 500| 600 |VRms
Max. averaging time Tav max 24 24(15.8 12 10 |s
A. Max. demand power
Max. demand power Pmax 550 | 630| 850 [1050 |1200 [kVA
Corresponding
max. average current [, 38 38 38 38 38 | A
Demand current IRMS 2500 | 2500 | 2250 | 2100 | 2000 | AR MS
Duty factor 6 3:3| 3:3| 3.8| 4.0 4.2|%
Number of cycles
within Tay max 2) n (50 Hz) 40| 40| 30| 24| 21|c/Tav max
Integrated RMS load
o current Ip 460 | 460| 440 | 420 | 410 [ARMS
m— B. Max. average current
S Max. average current IAVmax 70 70 70 70 70 A
Corresponding
max. demand power P 180 | 210| 280 | 350| 400 |kVA
Demand current IRMS 850 | 850| 750 | 700| 660 |ARMS
Duty factor 6 18.3(18.3(20.8(22.2(23.5|%
Number of cycles
within Tay mas. 2) n(50 Hz) 220| 220 164 134| 118 |c/Tav miax
Integrated RMS load
current Ip 360 | 360| 340 | 330 | 320 |ARMS
Max. surge current Isurge 7000 | 7000 | 6300 [ 5900 [ 5600 | AR MS
(Tmax =0.15 S)

1) For mains voltages below 250 VRMS the max. demand current and max. aver-
aging time valid at 250 V shall not be exceeded.
2) This is the maximum integrated number of cycles a pair of tubes may conduct
with or without interruption during the maximum averaging time:
Nmax = duty factor x Tay max X mains frequency.

April 1970
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LIMITING VALUES (Absolute max. rating system; continued)

Intermittent rectifier service or frequency changer resistance welding service

Mains frequency range f 50 to 60 Hz
Anode voltage, forward peak Va fwdp max 1200 | 1500
inverse peak Va invp max 1200 1500
A. Max. peak current
Anode current, peak Iap max 1500 1200 | A
Corresponding average current Iav 20 16 | A
B. Max. average current
Anode current, average Iav max 70 56 | A
Corresponding peak Iap 420 336 | A
Averaging time Tav max 6.251 6.25|s
Ratio Ia/lap (Tay = max. 0.5 s) Ia/Iap hax 1/6 1/6
Ratio Isurge/lap (Tmax = 0.15 s) Isurge/lap max 1245 12..5

Pulse service

Under certain conditions this ignitron may be used to switch aperiodic current
pulses to a very high value (up to 50 kA) and voltages up to 10 kV. The perform-
ance depends on the circuit in which the tube is used. The manufacturer should be

consulted.

{1111
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

LIMITING VALUES (Absolute max. rating system)

Ignitor voltage, forward peak Vigp
inverse peak (including any
transients) 'Vigp
Ignitor current, forward peak Iigp
inverse peak ‘Iigp
forward RMS ligRMS
forward average (Tay =max. 5s) lig
A. Anode excitation
Ignitor characteristics
Firing voltage Vig
Firing current lig

Ignition time at the above voltage
or current Tig

Ignition circuit requirements

Peak voltage required to fire Vp
Peak current required to fire Ip
Rate of rise of ignitor current di/dT

max.

max.
max.
max.
max.

max.

max.

max.

min.

min.

min.

2000 V
5 V
100 A
0 A
10 A
1 A
150 ~V
6to8 A
12. A
50 usl)
200 V
12 A
0.1 A/us

1) Ignition time is taken from the instant that the stated voltage and current are

reached.

March 1969
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

Recommended circuits for anode excitation

@ VRMs

=

{continued)

Anode excitation with individual thyristors

VrMs
L
Fz ® ®
B
7 7
Th
1)}
D

“JERTLT

 1oad

Anode excitation with common thyristor

VRMS
R

Fi1 =
Fa *=
D =

220
2

250 380 500 600 V
2 + 5 6 R

2 A fast response time
10 A fast response time

zener voltage > 18 V

1) The thyristor-zener diode combination may be substituted by a thyratron.

March 1969 “
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Hifll

IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

(continued)

B. Separate excitation

Recommended circuit for separate excitation

VRms

* Indicate identical phase x
Capacitor value C 2 8 MF
Capacitor voltage Ve 650 400 V +10%
Peak value of closed circuit current 80 to 100 A

1) The thyristor may be substituted by a thyratron.

8 March 1969
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40 7208375
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10000

Intermittent rectifier service

208335
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IGNITRON

Uprated C size ignitron intended for use in single-phase resistance welding
control and similar A.C. control applications.

The tube has a plastic coated stainless steel watercooling jacket, quick change
water connections and a temperature sensing pad for mounting of a thermostat.

QUICK REFERENCE DATA

Maximum demand power

Maximum average current
Ignitor voltage

Ignitor current

(two tubes in inverse parallel) at 600 VRMS 2300 kVA

180 A
150 “V
max. 12 A

MECHANICAL DATA
Dimensions and connections
Net weight

Shipping weight

Mounting position

Accessories
Ignitor cable

Water hose connections: hose nipple
coupling nut

Overload protection thermostat

Water economy thermostat

see page 2
2900 g
4160 g

vertical, anode connection up

type 55351
type TE105lc
type TE1051b

type 55306
or 55318

type 55305
or 55317
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DIMENSIONS AND CONNECTIONS

Dimensions in mm

| 4145102

min 280
[ &) s

295115

242110

oo

7207472 ]
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TEMPERATURE LIMITS AND COOLING
TYPICAL CHARACTERISTICS
Pressure drop of cooling water (q = 6 1/min) p; max. 0.2 kg/cm2

Temperature rise at max. average current
(q = 6 1/min) terity. nax. 6 °C

LIMITING VALUES (Absolute max. rating system)

A.C. control service

Required water flow at max. average current q min. 6 1/min
(See also page 10)
1 min. 10 °C
Inlet temperature *) t; e
Temperature of thermostat mount 2) tm maxi50 2@

Pulse service

Under conditions of pulse service with low average load (less than 1 A) contin-
uous cooling is normally not required. The cooling jacket can e.g. be perma-
nently filled with oil.

Care should be taken to prevent condensation of mercury at the anode or glass
seal. See also "Application directions ignitrons"

Recommended condensed mercury temperature tHg 25t030 °c

1y When a number of tubes is cooled in series, ti min refers to the coldest tube
and tj max. to the hottest tube.

2) WARNING: The thermostat mount is at full line voltage.
When the cooling systems of a number of tubes are connected in series the
overload protecting thermostat should be mounted on the last and the water
economy thermostat on the last but one tube.

February 1968 3
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ELECTRICAL DATA

LIMITING VALUES (Absolute max. rating system)

The limiting values are based on full cycle conduction duty, with equally dis-
tributed load on all ignitrons, regardless of whether phase control is used or

not.

The load must be limited so that at zero phase delay no overload will result.

Single phase A.C. control, two tubes in inverse parallel connection.

Table I. See also pages 8, 9 and 11.

Mains frequency range 25 to 60 Hz
Mains voltage \Y 2201)] 250| 380| 500| 600|VRrmS
Max. averaging time Tgaymax|(21.0 (21.0[13.8|10.5| 8.7|s
A. Max. demand power
Max. demand power Pmax 1100 {1250|1650|2000|2300|kVA
Corresponding
max. average current Iy 110 | 110 110| 110| 110{A
Demand current IrRMS 5000 [5000{4350{4000|3800|ARMS
Duty factor 6 4.9 |1 4.9] 5.6] 6.1 6.4|%
Number of cycles
within Tay max. 2) n(50Hz)| 51 | 51| 38| 32| 27|c/Taymax
Integrated RMS load
current IF 1100 |1100[1030| 990| 970|ARMS
B. Max. average current
Max. average current Igymax | 180 | 180| 180| 180| 180|A
Corresponding
max. demand power P 340 | 415| 550| 670| 760|kVA
Demand current IRMS 1650 |1650(1450| 13301270 | Ap g
Duty factor 24.2 |24.2(27.2|30.0|31.4|%
Number of cycles
within T, max. 2) n(50Hz)| 254 | 254| 190| 157| 136|c/Tyy max
Integrated RMS load
current Ig 810 | 810| 760 730| 710|Agms
Max. surge current Isurge |14.0]14.0/12.2|11.2{10.6 kA
(Tinax = 0.15 8)

1) For mains voltages below 250 VR)qs the max. demand current and max.
averaging time valid at 250 V shall not be exceeded.
2) This is the maximum integrated number of cycles a pair of tubes may con-
duct with or without interruption during the maximum averaging time:
nmax = duty factor x T,y max x mains frequency.
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ELECTRICAL DATA (continued)
Pulse service

Under certain conditions this ignitron may be used to switch aperiodic current
pulses to a very high value (up to 100 kA) and voltages up to 10 kV. The per-
formance depends on the circuit in which the tube is used. The manufacturer
should be consulted.

IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

LIMITING VALUES (Absolute max. rating system)

Ignitor voltage, forward peak Vigp max. 2000 V

inverse peak (including any
transients) "Vigp max. 5 5V
Ignitor current, forward peak Iigp max. 100 A
inverse peak ‘Iigp max. 0 A
forward RMS I-lg RMS max. 10 A
forward average (T, = max. 5 s) lig max. 1 A

Ay bnode exgltation,
Ignitor characteristics

Firing voltage Vig 150 V
Firing current lig 6to8 A

max. 12 A

Ignition time at the above voltage
or current Tig max. 50 us 1)

Ignition circuit requirements

Peak voltage required to fire Vp min. 200 V
Peak current required to fire Ip min. 12 A
Rate of rise of ignitor current di/dT min. 0.1 A/us

1y Ignition time is taken from the instant that the stated voltage and current
are reached.

March 1969 5
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS
(continued)

Recommended circuits for anode excitation
T VRMs

Anode excitation with individual thyristors

VRMS
VRMS 220 250 380 500 600 V
R 2 2 4 5 6 Q
F, = 2 A fast response time
F, = 10 A fast response time
D = zener voltage >18 V

TRIeINT
Anode excitation with common thyristor

1) The thyristor-zener diode combination may be substituted by a thyratron.

6 March 1969
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IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

(continued)
B. Separate excitation
Recommended circuit for separate excitation
VRms
1)
Th D
ko o g
[ 1Y/ YV
05N =C R,
@®
* 7432.2
) T
#* Indicate identical phase
Capacitor value C 2 8 uF
Capacitor voltage Vs 650 400 V £10%
Peak value of closed circuit current 80 to 100 A

1) The thyristor may be substituted by a thyratron.

[
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ZX1063

IGNITRON

D size ignitron intended foruse in single-phase resistance welding control and sim-
ilar A.C. control applications.

The tube has a stainless steel watercooling jacket, quick change water connections
and a temperature sensing pad for mounting of a thermostat.

QUICK REFERENCE DATA
Maximum demand power
(two tubes in inverse parallel) 3225 kVA
Maximum average current 400
Ignitor voltage 180
Ignitor current max. 12 A

MECHANICAL DATA

Dimensions and connections see page 2
Net weight 8.5 kg
Shipping weight ‘ 10.8 kg
Mounting position vertical, anode connection up
Accessories
Ignitor cable type 55351
Water hose connections: hose nipple . type TE1051c
coupling nut type TE1051b
Overload protection thermostat type 55306
or 55318
Water economy thermostat type 55305
Or 55317

111
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Dimensions in mm

DIMENSIONS AND CONNECTIONS
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ZX1063

TEMPERATURE LIMITS AND COOLING

TYPICAL CHARACTERISTICS

Pressure drop of cooling water (q = 9 1/min)

Tempcrature rise at max. average current

(@ = 9 1/min)

LIMITING VALUES

A.C. control service

Required water flow at max. average current
(See also page 8)
Inlet temperature )

Temperature of thermostat mount 2)

Pi

to 4

max.

min.

min.
max.

max.

0.35

10
40

50

kg/cm?2

o°c

1/min

2%
oE

%

1) When a number of tubes is cooled in series, tj min. refers to the coldest tube and

tji max. to the hottest tube.

2) WARNING. The thermostat mount is at full line voltage.

When the cooling systems of a number of tubes are connected in series the overload
protecting thermostat should be mounted on the last and the water economy ther-

mostat on the last but one tube.

[T}
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ZX1063

ELECTRICAL DATA

LIMITING VALUES (Absolute max. rating system)

The limiting values are based on full cycle conduction duty, with equally distributed
load on all ignitrons, regardless of whether phase control is used or not.
The load must be limited so that at zero phase delay no overload will result.

Single phase A.C. control, two tubes in inverse parallel connection

Table 1. See also pages 10, 11 and 12.

Mains frequency range f 25 to 60 Hz
Mains voltage Vv 220 )| 250| 380| 500 | 600 | VRMS
Max. averaging time Tgaymax | 12.5| 12.5| 8.4| 6.4 5.3|s

A. Max. demand power

Max. demand power Pmax 2200 [ 25002750 (3000 | 3225 | kVA
Corresponding average

current Iay 210 210| 210 210| 210 A
Demand current IRMS 10000 | 10000 | 7250 | 6000 | 5380 | ARMmS
Duty factor 5 4.7 4.7 6.5| 7.8| 8.7 %
Number of cycles within

Taymax. 2) n(50Hz)| 29| 29| 27| 25| 23|c¢/Taymax.
Integrated RMS load

current I 2160 | 2160|1850 (1670 | 1580 [ ARMS

B. Max. average current

Max. average current  Izymax 400 | 400| 400 | 400 | 400 | A
Corresponding demand

power P 735 835| 9151000 | 1075 | kVA
Demand current IRMS 3335| 3335(2415|2000 | 1795 | ARMS
Duty factor ) 26.6| 26.6[36.8(44.4[49.5|%
Number of cycles within

Taymax 2) n(50Hz)| 166| 166| 155| 142| 132|c/Taymax.
Integrated RMS load

current Ip 1720 | 1720 1465|1330 | 1260 | ARMS
Max. surge current

Tonax. =0:15 8 Isurge 28 28| 21| 17| 15|kA

1y For mains voltage below 250 VRjs the max. demand current and max. averaging
time valid at 250 V shall not be exceeded.

2) This is the maximum integrated number of cycles a pair of tubes may conduct
with or without interruption during the maximum averaging time:
nmax = duty factor x Taymax. X mains frequency.

4 April 1970




ZX1063

IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

LIMITING VALUES (Absolute max. rating system)

Ignitor voltage, forward peak Vigp
inverse peak (including any

transients) ‘Vigp

Ignitor current, forward peak Iigp

inverse peak ‘Ijgp

forward RMS IigR\/IS

forward average (Tgqy = max. 5 s) lig
A. Anode excitation

Ignitor characteristics
Firing voltage Vig
Firing current Iig
Ignition time at the above voltage or current Tig
Ignition circuit requirements
Peak voltage required to fire Vp
Peak current required for anode take over Ip
Rate of rise of ignitor current di/gT

max.

max.
max.
max.
max.

max.

max.

min.

min.

2000

100

10

180

6to 8
12

50

200
12

<

e <

A/us

l)Ignition time is taken from the instant that the stated voltage and current are

reached.

AFFFE
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ZX1063

IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

Recommended circuits for anode excitation

9 VRms

Anode excitation with individual thyristors

VRMS 220 250 380 500 600 V

R 2 2 4 5 69
By = 2 A fast response time
Fo = 10 A fast response time
D = zener voltage > 18 V

TE0IR 361

Anode excitation with common thyristor

1y The thyristor-zener diode combination may be substituted by a thyratron.

6 January 1970



ZX1063

i ] IR

IGNITOR CHARACTERISTICS AND IGNITION CIRCUIT REQUIREMENTS

Recommended circuit for separate excitation

VRms o

v
=max02 p:
0503

F Dz@
==

P T
* Indicate identical phase
Capacitor value 2 uF
Capacitor voltage 650 V + 10%
Peak value of closed circuit current 80to 100 A

l) The thyristor may be substituted by a thyratron.
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High-voltage rectifying tubes
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DCG4/1000
DCG6/18
DCG7/100
DCG7/100B
DCX4/1000

DCX4/5000
ZT1000
ZT1001
ZY1000
ZY1001

7Y1002

RECOMMENDED TYPES FOR NEW EQUIPMENT

High-voltage rectifying tubes




HIGH-VOLTAGE RECTIFYING TUBES

LIST OF SYMBOLS

Remarks

a. In the case of indirectly heated tubes the voltages on the various electrodes
are with respect tothe cathode, in the case of a.c. fed, directly heated tubes
with respect to the electrical centre of the filament, unless otherwise stated.

b. The symbols for voltages and currents quoted below represent the average
values of the concerning voltages and currents, unless otherwise stated.

c. The positive electrical current is directed opposite to the direction of the
electron current

Anode a

Capacitance between anode and grid (the other elements
being earthed) Cag

Capacitance between grid and all other elements except anode Cg
Frequency f
Filament or heater f
Grid g
Anode current Ia
Filament or heater current If
Grid current Ig
D.C. output current of a rectifying tube Io
Peak value of a current Ip
Fault current Isurge
Cathode k
Resistance in grid lead Rg
Ambient temperature tamb
Averaging time Tay
Deionisation time Tdion
Temperature of condensed mercury tHg
Ionisation time Tion

11if1
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Waiting time (= time which has to pass between switching on of the
filament or heater voltage and switching on of the other voltages)

Anode voltage
Arc voltage
Heater voltage
Grid voltage

Inverse voltage
D.C. voltage supplied by a rectifying tube
Secondary transformer voltage

Output power

February 1968




GENERAL OPERATIONAL RECOMMENDATIONS
HIGH-VOLTAGE RECTIFYING TUBES

The following instructions apply in general to all types of high-voltage rectifying
tubes. If there are additional instructions for any type of tube it will be indi-
cated on the technical data sheets of the concerning type.

MOUNTING

The mercury-vapour filled types must be mounted vertically with the base or
filament strips at the lower end. The mounting position of the gas-filled types
is in general arbitrary.

The tubes must be mounted so that air can circulate freely around them. There-
fore the clearance between the tubes and other components of the circuitand
between the tubes and the cabinet walls should be at least half the maximum
bulb diameter. The minimum clearance between tubes should be 3/4 the maxi-
mum bulb diameter.

It should be realised that a minimum clearance is also required for reasons of
high voltage insulation.

When a tube is operating and the cooling is only obtained by natural convection
the temperature distribution along the bulb will be such that the lowest temper -
ature occurs at the bottom. This distribution is of special importance in the
case of mercury-vapour filled types in order to condense the mercury-vapour
in the lower part of the tube. Where additional cooling is necessary this cooling
should not disturb this normal temperature distribution along the bulb.

Generally if shock or vibration exceeds 0.5 g a shock absorbing device should
be used.

The electrode connections, except those of the tube socket, must be flexible.
The nuts (e.g. of the anode connections) should be well tightened but care must
be taken to ensure that no undue forces are exerted on the tube. The contacts
must be checked at regular intervals and their surfaces kept clean in order to
avoid excessive heating of the glass-metal seals. The cross section of the con-
ductors should be sufficient to avoid overheating by the current. However, to
maintain the normal temperature distribution along the bulb the conductors
should not conduct too much heat away from the tube. (It should be noted that in
rectifier circuits the r.m.s. value of the anode current may reach 2.5 times
the average value.)

HHffl
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FILAMENT SUPPLY

In order to obtain the maximum life of a directly heated cathode, a filament
transformer with centre-tap and a phase shift of 900 + 30° between V, and V¢
is recommended. Series connection of filaments is not allowable.

The filament voltage at nominal mains voltage must be measured at the ter-
minals of the tube. Permanent deviations up to 2.5% from the published value
can be accepted. It is therefore recommended that the filament transformer be
equipped with suitable tappings. Temporary variations should not exceed 5%.

However to ensure maximum life it is important to keep the filament voltage
as near as possible to the nominal value.

In calculating the rating of the filament transformer a spread in the filament
current of + 10% form tube to tube should be taken into account, whilst for
directly heated tubes the d.c. current flowing through the heater winding should
alsobe considered. It is recommended to furnish the filament transformer with
several taps on the primary especially in case of h.t.-insulated high magnetic
leakage transformers.

TEMPERATURE

1. Tubes filled with mercury vapour

In the technical data of these tube types temperature limits for the condensed
mercury are given. During operation the condensed mercury should only be
visible in the neighbourhood of the socket or the lowest part of the bulb. Care
should be takento ensure that the condensed mercury temperature during oper -
ation is between the published temperature limits. Toolow a temperature gives
low gas pressure which results in a low current carrying capability, high arc
drop and consequently shortening of life. Too high a temperature gives high
gas pressure which results in a reduction of the permissible peak inverse and
forward voltage.

Accurate values of the condensed mercury temperature can be measured by
means of a thermocouple placed against the envelope, but good technique and
instruments are necessary for this measurement. In general temperature val-
ues of sufficient accuracy can be obtained by using a normal mercury thermom-
eter the mercury vessel of which is wrapped in staniol strips and that can be
fixed against the bulb by means of a cotton thread.

The temperature measurements should be made at the coldest part of the bulb
where the mercury vapour condenses which in general will be just above the
base or the lower connections.

In addition to the temperature limits for the condensed mercury sometimes
limits for the ambient temperature are given. For each type there is a specific
difference between ambient and condensed mercury temperature. High ambient
temperature can make it desirable to decrease this difference, which can be

2 February 1968




obtained by directing a low velocity air flow of ambient temperature or less to
the glass just above the base.

The ambient temperature can be measured by a thermometer which has been
screened against direct heat radiation. The measurement should be carried out
at a distance of max. once and min. half the tube diameter from the tube at the
same height as the condensed mercury or just above the base.

2. Tubes with inert gas filling.

For these tubes only the limits of the ambient temperature are given. These
limits are in general minimum -55 °C and maximum +75 °C.

SWITCHING ON

If switching on of the rectifier takes place twice a day or less the allowable
peak anode current when switching on may amount up to twice the maximum
published value for Iap-

1. Tubes filled with mercury vapour.

It is necessary to allow time for the cathode to reach its operating temperature
before drawing anode current. Therefore the minimum cathode heating time is
given in the published data sheets of each type. After the cathode heating time
the high voltage may be switched on provided the temperature of the condensed
mercury is not too low and all the condensed mercury is confined to the lower
part of the bulb.

Sometimes a heat conserving hood is prescribed for the tube. The purpose of
this hood is to avoid condensation of the mercury vapour on the electrodes and
upper part of the bulb whilst the tube is cooling.

Switching on (not after transport) may be done at a condensed mercury tem-
perature which lies 5 to 10 °C below the published minimum temperature (mini-
mum waiting time required). However, it is good practice to switch on after
the temperature has reached its minimum published value (recommended wait-
ing time).

The waiting times, the minimum required and the recommended one can be
read from the curve representing the condensed mercury temperature rise as
a function of time with only the filament voltage applied to the tube.

Switching on after transport or after a considerable interruption of operation
should be done according to the instructions on the published data sheets.

In order to avoid long preheating times it is recommended to leave the fila-
ment supply on during standby periods (e.g. overnight) at 60to 80% of the nom-
inal value.

February 1968 3
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Standby position for mercury vapour filled tubes.

In order to have a spare tube always ready for immediate operation it is re-
commended tohave a spare positionwhere a tube stands with continuously a fil -
ament voltage of 60-80% of the nominal voltage applied.

When for a certain type a heat conserving hood is prescribed this hood should
be fitted on the tube.

2. Tubes with inert gas-filling

It is necessary to allow the cathode to reach operating temperature before
drawing anode current. The relevant minimum cathode heating time is given
in the technical data sheets of each type. After warming up the anode voltage
may be applied provided that the ambient temperature is not below the minimum
published value.

No other delays apart from the cathode heating delay are required.

LIMITING VALUES

The limiting values should be used in accordance with the "Absolute maximum
rating system" as defined by IEC publication 134.

Absolute maximum rating system. Absolute maximum ratings are limiting val-
ues of operating and environmental conditions applicable to any electronic de-
vice of a specified type as defined by its published data, and should not be ex-
ceeded under the worst probable conditions.

These values are chosen by the device manufacturer to provide acceptable
serviceability of the device, taking no responsibility for equipment variations,
environmental variations, and the effects of changes in operating conditions due
to variations in the characteristics of the device under consideration and of all
other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout
life, no absolute-maximum value for the intended service is exceeded with any
device under the worst probable operating conditions with respect to supply
voltage variation, equipment components variation, equipment control adjust-
ment, load variations, signal variation, environmental conditions, and varia-
tions in characteristics of the device under consideration and of all other elec-
tronic devices in the equipment.

For some ratings of average current a maximum averaging time is quoted.
This is to ensure that an anode current greater than the maximum continuously
permissible average value is not drawn for such a length of time as would give
rise to an excessive temperature within the tube.

The maximum peak anode current is determined by the available safe cathode
emission whereas the average current is limited by its heating effects. During
normal operation or frequent switching the peak current should not exceed its

4 February 1968




maximum published value.

For the determination of the actual value of the peak inverse voltage and the
peak anode current, the measured values with an oscilloscope or otherwise are
decisive.

The Isurge is the maximum fault current which should ever be allowed to pass
through the tube. (See section "Short circuit protection'.)

DESIGN VALUES
The value published for Varc applies to average operating conditions.
2. Frequency

Unless otherwise stated the maximum frequency at which the tubes may run
under full load is 150 Hz. Under special conditions (derating of voltage and
current) higher frequencies may be used; details should be obtained from the
manufacturer.

TYPICAL OPERATING CONDITIONS

Sometimes 2 columns of operating conditions are given viz. one giving theo-
retical values based on the absolute maxima and one giving more practical
values in which mains fluctuations of max. 10% and a voltage drop in tube,
transformer, filter etc. of max. 8% are incorporated.

SHORT CIRCUIT PROTECTION

In order to prevent the tube from being damaged by passing too high a fault
current a value for the maximum permissible surge current is given.

The figure given for the maximum surge current is intended as a guide to equip-
ment designers. It indicates the maximum value of a transient current resulting
froma sudden overload or short circuit which the rectifier can pass for a peri-
od not exceeding 0.1 second without resulting in its immediate destruction.
Several overloads of this nature will, however, considerably reduce the life of
the tube.

The equipment designer has to take into account this maximum surge current
rating when calculating the short-circuit impedance of the equipment.

This surge current value is not intended as a peak current that may occur dur-
ing switching-on or during operation.

A simple method to limit the surge current to the maximum rating is to put a
series resistance in the anode circuit which in most cases will also be neces-
sary because the relation between the ohmic and the inductive resistance of the
short circuit path should be at least 0.3.

February 1968 5



SCREENING AND INTERFERENCE

In order to prevent unwanted ionisation of the gas filling (and consequent flash
over) due to strong r.f. fields, it may be necessary to enclose the rectifier in
a separate earthed screening box. Of course r.f. should be prevented from
reaching the rectifier by r.f. chokes and condensers.

In circuits with gas filled tubes oscillation in the transformer windings can oc-
cur especially in grid controlled circuits. These oscillations should be reduced
by suitable circuits as excessive peak inverse voltages may occur, causing arc
back. The use of two parallel RC circuits is advisable.

An air choke in the order of 100 uH should be connected in series with and close
to the anode connection. This choke can advantageously be wound from resist-
ance wire in order to help short circuit protection.

SMOOTHING CIRCUITS

In order to limit the peak anode current in a rectifying tube it is necessary to
use a choke-input filter.

If switching on of the rectifier takes place twice a day or less the allowable
peak anode current when switching on may reach a value of twice the published
max. value for Iap-

To ensure good voltage regulation on fluctuating loads the inductance value of
the choke should be large enough to give uninterrupted current at minimum
load. The choke and capacitor must not resonate at the supply or ripple fre-
quency. Damping of this choke will be necessary.

In grid controlled rectifier circuits under "phased back' conditions the har-
monic content of the d.c. output will be large unless the inductance is adequate.

PARALLEL OPERATION OF MERCURY -VAPOUR OF GAS-FILLED TUBES

As individual gas or mercury-vapour filled tubes may have slightly different
characteristics two or more tubes must not be connected directly in parallel.

Parallel operation is permissible when series resistances are used and the
peak voltage drop over this series resistance is at least the ignition voltage.
Coupling transformers in the anode leads of parallel connected tubes can serve
the same purpose.

GRID CONTROLLED RECTIFIERS

When a thyratron is conducting, a positive ion current of a magnitude propor -
tional to the cathode current is generated. This current will, in general, flow
to that electrode which is at the most negative potential during conduction (e.g.
the grid). In order to prevent damage to the tube it is necessary to ensure that
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the voltage of this electrode is less negative than -10 volts during this phase.
This precaution will prevent an increase inelectrode emission dueto excessive
electrode dissipation, sputtering of electrode material, changes in the control
characteristics caused by shift in contact potential and, in the case of inert
gas-filled tubes, a rapid gas clean-up. The minimum allowable value of the
grid resistor is 0.1 x the recommended one.

Incircuits where the anode potential changes from a positive to anegative value
and the control grid is at a positive potential, thereby drawing grid current, a
small positive ion current flows to the anode. At high negative anode voltages
it is therefore essential to limit the magnitude of the positive ion current by
severely restricting the current flowing from cathode to grid.

This may be effected by using fixed negative grid bias and narrow positive
firing pulses.

However, for bridge circuits the minimum width of these pulses should be suf-
ficiently large to secure safe "take-over" of the discharge.

In thosecircuits where the anode potential changes very rapidly from a positive
to a high negative value, such as with inductive loads fed from polyphase sup-
plies, there will be residual positive ions within the tube which will be drawn
towards the anode with considerable energy. In the case of an inert gas-filled
tube this would result in excessive gas clean-up and it is therefore necessary
to observe the limitations imposed by the commutation factor.

CONTROL CHARACTERISTICS

In most cases the control characteristic given on the data sheets is shown by
upper and lower boundary curves within which all tubes may be expected to
remain at all temperatures of the published range and during life.

In multitube circuits where the tubes are operating uhder the same conditions
the spread will in general be smaller.

The published boundaries are therefore to be considered as extreme limits.
This should be taken intoconsideration when designing grid excitation circuits.

GRID EXCITATION CIRCUITS

To keep the instant of ignition as constant as possible a large value of excita-
tion voltage is recommended.

The use of a negative grid bias (50 to 120 volts) and a sharp positive grid pulse
is recommended. The magnitude of the grid pulse should be 100 to 200 volts
with a grid series resistor of 10 k§2 and a maximum impedance of the peaking
transformer of 10 k2. If a sinusoidal grid voltage is used r.m.s. values of 50
to 120 volts in combination with a negative grid bias of 50 to 120 volts are re-
commended.
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_ BRIDGE CIRCUITS (diagrams b, d and g)

For output voltages of more than 6 kV bridge circuits are recommended be-
cause of the lower peak inverse anode voltage and the larger range of applicable
ambient temperatures.

The current angle of the grid should be for 2 phase bridge circuits > 900, for
3 phase > 600, and for 4 phase > 45°.

H

lQ

_ﬁ:f$
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5869 AGR9950

GRID-CONTROLLED HIGH-VOLTAGE
MERCURY-VAPOUR RECTIFYING TUBE

QUICK REFERENCE DATA

Peak inverse voltage Va mVp max. 13 kV

Peak forward voltage Vap max. 13 kV
Output current I max. 1 A
Peak anode current Iap max. 4 A
Negative grid voltage —Vg max. 300 V
Peak grid current ‘ Igp max. 50 mA

MECHANICAL DATA (Dimensions in mm)
Base : Jumbo 4 p,with bayonet
Socket 1 2422 511 02001

Anode cap : 40616

This cap must always be mounted on

the tube, thus also during preheating
Net weight: 240 g
! ‘\‘ 79}
L] L3 18R
iR
NE
U o
7

Mounting position: vertical with base down
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MAINTENANCE TYPE

DCG1/250

HIGH-VOLTAGE

MERCURY-VAPOUR RECTIFYING TUBE

QUICK REFERENCE DATA
Peak inverse voltage V, invp, = max. 3000 V
Output current I = max. 250 mA
Peak anode current Iap = max. 1250 mA
HEATING: direct; filament oxide-coated
Filament voltage Ve = 4 VvV
Filament current I = 25 A

In order to ameliorate the life of the tube a preheating time of the filament of

at least 15 sec. is recommended

Phase shift of 90° + 30° between V, and V¢ and use of a centre-tapped fila-

ment transformer are recommended

TYPICAL CHARACTERISTICS

Arc voltage Varc (I; =250 mA) = 12V 1
LIMITING VALUES (Absolute limits) g
Frequency £ = max. 500 Hz

Peak inverse voltage up to 150-Hz Va invp = max. 3000 V

Peak inverse voltage up to 500 Hz Va invp = max. 2550 V

Output current Io = max. 250 mA

Peak anode current Iap = max. 1250 mA

Ambient temperature tamb 10 to 40 ©C
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DCG1/250

T

MECHANICAL DATA Dimensions in mm

Base A

Socket

Net weight: 45 g

1 2422 512 02001

Mounting position: vertical with base down

OPERATING CONDITIONS

max 48

max 98
max 115

PO+

Transformer regulation and voltage drops in the tubes are neglected

Peak inverse voltage V, invp =3 kV

Transformer Output Output Power

Circuit 1) voltage voltage current output
Ver (VRMS) Vo (V) I, (A) W, (kW)

a 1060 950 0.5 0.48

b 2120 1910 0.5 0.95

c 1220 1430 0+75 1.07

d 2120 2870 0.75 2..18

e 1060 1240 1.3 1.86

f 1060 1350 1.0 1.35

g 2120 2700 1.0 2.70

1y For circuits see page 8 in front of this section.

[AN]
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(866A) DCG4/1000
HIGH-VOLTAGE
MERCURY-VAPOUR RECTIFYING TUBE

QUICK REFERENCE DATA
Peak inverse voltage Vainvp = max. 10 kV max. 2 kV
Output current Iy = max. 0.25 max. 0.5 A
Peak anode current Iap = max. 1 max. 2 A
HEATING: direct; filament oxide-coated

Filament voltage Ve 2.5

Filament current If 4.8 A

Cathode heating time Ty min. 30 s

Phase shift of 90° + 30° between V, and Vyand use of a centre-tapped filament

transformer is recommended

After transport and after a long interruption of service a waiting time of at
least 30 minutes between the switching on of the filament voltage and the

switching on of the anode voltage should be observed

TYPICAL CHARACTERISTICS

Arc voltage Vare I3 = 0.25 A) = 12 V =
LIMITING VALUES (Absolute limits)
Output current Io = max.0.25 A max. 0.5
Peak anode current Iap = max. 1 max. 2
Peak inverse voltage Vainvp = max. 10 kV max. 2 kV

(Frequency f = max. 150 Hz max. 150 Hz)
Condensed mercury

temperature 1) tHg = 25to 60 °C 25t 70 °C
Ambient temperature 2) tamb = 15to 40 °C 15t030 °C
l) If the equipment is started not more than twice daily it is permitted to apply
the high tension at a condensed mercury temperature of 20 pe
2) With convection cooling only
April 1970 1



DCG4/1000

(866A)

MECHANICAL DATA

Mounting position: vertical with base down
DCG4/1000 ED

Base : Edison

Socket : E3 000 22

Anode connector : 40619

Net weight :65¢g a

DCG4/1000 G = 866A

Dimensions in mm

S

148-160

7208331

Base : Medium 4p with bayonet
Socket 1 2422 511 04001
Anode connector : 40619 ‘-T
Net weight : 80¢g
e~
s 0|0
e WL
: (@11}
E= ek
y
00+
7208332
l) At voltages above 2 kV the socket must be insulated from the chassis.
2 April 1970




DCG4/1000

OPERATING CONDITIONS

Transformer regulation and voltage drops in the tubes are neglected

Peak inverse voltage V4, invp = 10 kV
Transformer Output Output Power
Circuit l) voltage voltage current output
Vir (KVRMS) Vo (kV) I, (A) W, (W)
a 30 32 0.5 1590
b Tl 6.4 0.5 3180
¢ 4.1 4.8 0.75 3600
d 7.1 9.6 0,73 7200
e 3.5 4.1 L5 6200
f 8.5 4.5 1 4500
g Tl 9.0 1 9000
Peak inverse voltage VainvP = 2-kV
Transformer Output Output Power
Circuit 1) voltage voltage current output
Vir (KVRMS) V, (kV) I, (A) W, (W)
a Qie 71 0.63 1 630
b 1.41 1:27 1 1270
c 0.82 0.96 L5 1430
d 1.41 1:91 1.5 2870
e 0.71 0.83 3 2480
f 0..71 0.90 2 1800
g 1.41 1.80 2 3600

l) For circuits see page 8 in front of this section.
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DCG4/1000
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DCG4/5000

HIGH-VOLTAGE
MERCURY-VAPOUR RECTIFYING TUBE

QUICK REFERENCE DATA
Peak inverse voltage Va invp = max. 13 kV
Output current Io = max. 1.25 A
Peak anode current Iap = max. 5 A

HEATING: direct; filament oxide-coated

Filament voltage Vg = 4 Vv
Filament current Ip - = 7 A
Cathode heating time Ty min. 30 s

Phase shift of 90° + 30° between Vg, and V¢ and/or use of a centre-tapped fila-
ment transformer are recommended.

After transport and after a long interruption of service a waiting time of at
least 30 minutes between the switching on of the filament voltage and the
switching on of the anode voltage should be observed.

TYPICAL CHARACTERISTICS
Arc voltage Vare (I, =1.254) = 12 V

LIMITING VALUES (Absolute limits)

Peak inverse voltage Vainvp = max. 13 kV max. 10 kV
(Frequency f = max. 150 Hz max. 150 Hz)
Output current Io = max. 1.25 A max.1.25 A
(Averaging time Tav = max. 10 s max. 10 s)
Peak anode current Iap = max. 5 A max. 5 A
Surge current Isurge = max. 40 A max. 40 A
(Duration I = max. 0.1 s max. 0.1 )

Condensed mercury
temperature 1) tHg = 25to 55 °C 25to 60 °C

10te 35 °C 10to 40 ©°C

Ambient temperature 2) tamb

l)2) See page 2

!
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DCG4/5000

I

MECHANICAL DATA (Dimensions in mm)

Base : Goliath
Socket : 65909BG/01
Anode connector: 40619
Net weight : 200 g
a x
B
3
o
f f f
Mounting position: vertical with base down § 1
7208336

OPERATING CONDITIONS

Transformer regulation and voltage drops in the tubes are neglected.

Peak inverse voltage VainvP = 13 kV
Transformer Output Output Power
Circuit 3) voltage voltage current output
Vir (KVRMS) Vo (kV) Ip (A) W, (kW)
a 4.6 4.1 2:5 10.3
b 9.2 8.3 2.5 20.7
c 5.3 6.2 3.75 23.3
d 9.2 12.4 3.75 46.6
e 4.6 5.4 79 40.4
f 4.6 5.8 5.0 29
g 9.2 11.6 5.0 58

l) If the equipment is started not more than twice daily it is permitted to apply
the high tension at a condensed mercury temperature of 20 %¢.

2) With natural cooling.

3) For circuit see page 8 in front of this section.
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DCG5/5000

HIGH-VOLTAGE

MERCURY-VAPOUR RECTIFYING TUBE

DCG5/5000GB  replaced by type ZY1000
DCG5/5000GS  replaced by type ZY1001
DCG5/5000EG replaced by type ZY1002

September 1967 'I
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DCG6/18

6693
HIGH-VOLTAGE
MERCURY-VAPOUR RECTIFYING TUBE
QUICK REFERENCE DATA
Peak inverse voltage Vg invp = max. 15 kV max. 2.5 kV
Output current I0 = max. 3 A max. S5 A
Peak anode current Iap = max. 12 A max. 20 A

HEATING: direct; filament oxide-coated

Filament voltage Vel = 5 'V
Filament current Lpos = 11.5 A
Cathode heating time T, = min. 60 s

Phase shift of 90° + 30° between V, and V¢ and use of a centre-tapped fila-
ment transformer is recommended.

After transport and after a long interruption of service a waiting time of at
least 30 minutes between the switching on of the filament voltage and the
switching on of the anode voltage should be observed.

TYPICAL CHARACTERISTICS

Arc voltage Vare (I =34) = 12V

Equilibrium condensed mercury

temperature rise over ambient no load 1'9. 0@
temperature full load 21 °¢

LIMITING VALUES (Absolute limits)

Peak inverse voltage Va vy = MAK. 15 kV  max. 2.5 kV
(Frequency f = max. 150 Hz max. 150 Hz)
Output current I, = max. 3 A max. S5 A
(Averaging time Tavy = max. 10 s max. 10 s)
Peak anode current Iap = max. 12 A max. 20- A
Surge current Isurge = max. 120 A max. 200
(Duration T = max. 0.1 s max. 0.1 s)

110
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DCG6/18

LIMITING VALUES (Absolute limits) (continued)

Peak inverse voltage Va invp 15 10 2.5 kV
Condensed mercury

temperature tHg Iy 25-55 25-60 25-75 ©°C
Ambient temperature tamb 2) 15-35 15-40 15-55 ©C

MECHANICAL DATA (Dimensions in mm)

Base : Super Jumbo with bayonet max 72
Anode connector : 40619 143:_0_7
. Y
Socket : 2422 511 01001 M6
Net weight :450¢g =
©
A1
Nig
]K(8
(-]
[Ij! 11

Mounting position: vertical with base down

1y 1f the equipment is started not more than twice daily, it is permitted to apply
high tension at a condensed mercury temperature of 20 °C

2) With natural cooling

2 February 1968
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DCG6/18

MAXIMUM OPERATING CONDITIONS

Transformer regulation and voltage drops in the tubes are neglected.

Peak inverse voltage V, invp, = 15 kV

Transformer Output Output Power

Circuit 1) voltage voltage current output
Vir (KVRMS) Vo (kV) Ip (A) Wo (kW)

a 5.3 4.8 6 28.8

b 10.6 9.6 6 57.6

c 6.1 T 9 64.8

d 10.6 14.4 9 130

e 5.3 6.2 18 112

f 5.3 6.7 12 80.4

g 10.6 13.5 12 162

Peak inverse voltage Vy invp = 2.5 kV

Transformer Output Output Power

Circuit l) voltage voltage current output
Vir (KVRMS) Vo (kV) I, (A) W, (kW)

a 0.88 0.79 10 7:9

b 1.76 1.58 10 158

c 1.02 1.19 15 17.9

d 1.76 2.38 15 35.8

e 0.88 1.03 30 30.9

f 0.88 1.13 20 22.6

g 1.76 2.26 20 45.2

1) For circuits see page 8 in front of this section.
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DCG6/18

]

TYPICAL OPERATING CHARACTERISTICS

Peak inverse voltage V, invp, = max. 15 kV 2)
Transformer Output 3) Output Power
Circuit l) voltage voltage current output
Vir (KVRMS) Vo (kV) I, (A) Wo (kW)
a 4.8 4.0 6 24
b 9.6 8.0 6 48
e 5.55 6.0 2 54
d 9.5 12,0 9 108
e 4.8 5.15 18 93
f 4.8 5.6 12 67
g 9.6 LL.2 12 134

l) For circuits see page 8 in front of this section

2) This value corresponds to a nominal peak inverse anode voltage of 13.6 kV,
allowing a mains voltage fluctuation of + 10 %

3) Tube voltage drop and losses in transformer, filter, etc., amounting to 8%
of the output voltage across the load, have already been deducted

g February 1968
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DCG6/18GB

HIGH-VOLTAGE

MERCURY-VAPOUR RECTIFYING TUBE

MECHANICAL DATA

Base : Jumbo 4p with bayonet

Socket  : 2422 511 02001

Anode
connector : 40619

max 72

1/%10.1

Dimensions in mm

For further data and curves of this type

please refer to type DCG6/18

297+4
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MAINTENANCE TYPE DCG6/6000

GRID-CONTROLLED HIGH-VOLTAGE
MERCURY-VAPOUR RECTIFYING TUBE

QUICK REFERENCE DATA
Peak inverse voltage Vi invp = max. ' I3 'kV
Peak forward voltage Vap = max. 13 'kV
Output current I, = max. L A
Peak anode current Iap = max. 4 A
Negative grid voltage —Vg = max. 300 V
Peak grid current Igp = max. 50 mA

HEATING : direct; filament oxide-coated

Filament voltage Vg = 5 V
Filament current Ig- = 6.5 A
Cathode heating time Ty = min. 60 s

Phase shift of 90° + 30° between V, and Vf and use of a centre-tapped fila-
ment transformer are recommended.

After transport and after a long interruption of service a waiting time of at
least 60 minutes between the switching on of the filament voltage and the
switching on of the anode voltage should be observed.

CAPACITANCES

Anode to grid Cagl = 8. pF
Grid to cathode Cg = 8 pF
TYPICAL CHARACTERISTICS

Arc voltage Vare (Ia =1A) = 12 V

Ionization time Tion = 10 mus
Deionization time Tdion = 250 mus

February 1968 “ “ 1
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DCG6/6000

LI

LIMITING VALUES (Absolute limits)

When the anode voltage V, is negative,
the grid voltage must never be positive

Peak inverse voltage Viiny, = max. 13 kV
(Frequency £ P max. 150 Hz)
Peak anode voltage Vap = max. 13 kV
Output current Io = max. 1 A
(Averaging time Tow = max. 10 s)
Peak anode current Iap = max. 4 A
Surge current Isurge = max. 40 A
(Duration i = max. 0.1 s)
Negative grid voltage 1) -Vg = max. 300 V
Grid current I = max. 10 mA
(Averaging time "lgav = max. 10 8)
Peak grid current Igp = max. S50 mA
Peak inverse voltage Va invp = 13 kV
Condensed mercury temperature 2) tHg = 25t6 55 °C
Ambient temperature 3) tamb . =, . 1St0.30  9C
Peak inverse voltage Va invp = 10 kV
Condensed mercury temperature 2) tHg = 25to 60 ©C
Ambient temperature 3) Eamnb = 15t0 35 ©C

l) Before conduction

2) If the equipment is started not more than twice daily it is permitted to apply
high tension at a condensed mercury temperature of 20°C

B s .
) With natural cooling 772 2460

2 l l MAINTENANCE TYPE February 1968



DCG6/76000

MECHANICAL DATA (Dimensions in mm)

Base : Special Jumbo with bayonet

Socket 1 2422 511 01001
Anode cap : 40616 1)

Net weight: 240 g

90

215110
max 242

7208329

Mounting position: vertical with base down

1) This cap must always be mounted on the tube, thus also during preheating

T
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DCG6/6000

OPERATING CONDITIONS

Transformer regulation and voltage drops in the tubes are neglected.

Grid voltage Vg (Va invp = 13kV) = =100 V
Grid voltage Vg (Va invp = 10kV) = =50 V
Grid current Ig = 1 mA
Peak inverse voltage Vg, invp =13 kV
Transformer Output Output Power
Circuit l) voltage voltage current output
Vir (KVRMS) Vo (kV) I, (A) Wo (kW)
a 4.6 4.1 2 8.3
b 9.2 8.3 2 16.6
s 5.3 6.2 3 18.6
d 9:2 12.4 3 37.2
e 4.6 5.4 6 32.4
f 4.6 5.8 4 23.4
g 92 11,7 4 46.8
Peak inverse voltage Vg4 invp = 10 kV
Transformer Output Output Power
Circuit l) voltage voltage current output
Vir (KVRMS) | Vo (kV) I, (A) W (kW)
a 3.5 3.2 2 6.4
b 7 6.4 2 12:8
c 4.1 4.8 3 14.4
d 7 9.6 3 28.8
e 3.5 4.1 6 24.8
f 3.5 4.5 4 18
g 7 9 4 36

Ly For circuits see page 8 in front of this section

4 MAINTENANCE TYPE February 1968
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DCG6/6000
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: DCG7/100
6786 DCG7/100B

GRID-CONTROLLED HIGH-VOLTAGE
MERCURY-VAPOUR RECTIFYING TUBE

QUICK REFERENCE DATA
Peak inverse voltage Va invp = mage-TilE kv
Peak forward voltage Vap = max. 15 kV
Output current Iy = max. 10 A
Peak anode current Iap = max. 45 A
Peak grid voltage Vgp = max. 600 V

CATHODE : oxide-coated

HEATING: indirect, cathode connected to heater

Heater voltage V¢ = 5 'V
Heater current L = 14 A
Cathode heating time Tw = min. 10 min.

After transport and after a long interruption of service a waiting time of at
least 45 minutes betweenthe switching on of the heater voltage and the switch-
ing on of the anode voltage should be observed. Moreover, 10 minutes after
having switched onthe heater voltage, preheating of the anode must be started
by connecting the anode to a supply voltage Vph = max. 500 V via a resistor
limiting the current I to 6 A.

TYPICAL CHARACTERISTICS

Arc voltage Varc (I =15A) = 12 V

Equilibrium condensed mercury

temperature rise over ambient no load 27 0OC
temperature full load 30 ©C

April 1970 1
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DCG7/100
DCG7/100B

LI

LIMITING VALUES (Absolute limits)

Peak inverse voltage Va invp = max. 15 kV
(Frequency f = max. 150 Hz)
Peak anode voltage Vap = max. 15 kV
Output current for continuous
operation Iy = max. 10 A
(Averaging time Tav = max. - 10 s)
Output current for intermittent
operation Io = max. 15 A
(Averaging time Tav = max. 10 s)
Peak anode current Iap = max. 45 A
Surge current Isurge = max. 600 A
(Duration T = max. 0.1 s)
Peak grid voltage Vgp = max. 600 V
Grid resistor Rg = max. 20 k2
Peak inverse voltage Va invp = 15 10 kV
Condensed mercury temperature 1) tHg = 25to 60 25to65 ©C
Ambient temperature 2) tambp = 10to30 10to35 °C

l) If the equipment is started not more than twice daily it is permitted to apply
high tension at a condensed mercury temperature of 20 °C.

2) With natural cooling. The tube can be operated at higher ambient tempera-
tures than the stated maxima, when the difference between the ambient and
the condensed mercury temperature (30 °C with natural cooling) is reduced
by an air flow directed at the bulb just above the base. A reduction to less
than 10 OC can easily be obtained with a simple airjet.

2 February 1968




DCG7/100
DCG7/100B

MECHANICAL DATA Dimensions in mm

g

max 415

4

170

DCG7 /1008
DCG7 /100 /

Socket : 40409
Anode connector: 40620

Mounting position: vertical with anode terminal up

Net weight: 1200 g

February 1968 “ 3
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DCG7/100
DCG7/100B

T

MAXIMUM OPERATING CONDITIONS

Peak inverse voltage V, invp = 15 kV 2)
Transformer Output Output Power
Circuit l) voltage voltage current output

Vir (KVRMS) Vo (kV) I, (A) W, (kW)
a 5.3 4.8 20 96
b 10.6 9.6 20 192
c 6.1 7.2 30 216
d 10.6 14.4 30 432
e 9238 652 60 372
£ 5.3 6.7 40 268
g 10.6 13.5 40 540

TYPICAL OPERATING CONDITIONS

Peak inverse voltage Vg4 invp = 15 kV 3)
Transformer Output 4) Output Power
Circuit l) voltage voltage current output

Ver (KVRMS) Vo (kV) I, (A) Wo (kW)
a 4.8 4 20 80
b 9.6 8 20 160
& 5.55 6 30 180
d 9.6 12 30 360
e 4.8 5:15 60 309
f 4.8 5.6 40 224
g 9.6 11:.2 40 448

1) For circuits see page 8 in front of this section
2) Transformer regulation and voltage drops in the tubes are neglected

3) This value corresponds to a nominal peak inverse anode voltage of 13.6kV,
allowance being made for mains voltage fluctuations of + 10 %

4) Tube voltage drop and losses in transformer, filter, etc., amounting to 8%
of the output voltage across the load, have already been deducted

4 February 1968
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6508 MAINTENANCE TYPE

DCG9/20

o

HIGH-VOLTAGE

MERCURY-VAPOUR RECTIFYING TUBE

QUICK REFERENCE DATA
Peak inverse voltage Va inv, = max. 21 kV
Output current Iy = max. 2.5 A
Peak anode current Iap = max. 10 A
HEATING: direct; filament oxide-coated

Filament voltage Vg = Sy

Filament current I /= 135, A

Cathode heating time Ty = 'min." . 9079

Phase shift of 900 + 30° between V, and Vf and/or use of a centre-tapped

filament transformer are recommended

After transport and after a long interruption of service a waiting time of at
least 60 minutes between the switching on of the filament voltage and the

switching on of the anode voltage should be observed

LIMITING VALUES (Absolute limits)

Peak inverse voltage Va invp, 5. MaX.. - 21
(Frequency f = max. 150
Output current Iy = max. 2.5
(Averaging time Tav = max. 30
Peak anode current Iap = max. 10
Surge current Isurge = max. 100
(Duration T = max. 0.1

Condensed mercury

temperature 1) tHg 25-45

2) tamp =  15-30

Ambient temperature

1S
150

2.3
30

10

100
0.1

25-50
15-35

10
150

2.5
30

10

100
0.5

25-60
15-45

kV
Hz)

A
s)
A

A
s)

@
oC

l) If the equipment is started not more than twice daily it is permitted to apply
high tension at a condensed mercury temperature of 20°C.

2) With natural cooling
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DCG9/20

TYPICAL CHARACTERISTICS

Deionization time Tdion

Ionization time

Arc voltage

MECHANICAL DATA Dimensions in mm
Anode connector: 40620

Anode cap 1 40616
Net weight :0.75 g
35 a
]
g2 [t | of f f
g '
4?8

Mounting position: vertical with base down

A

500 wus
10 wus
12V

327-355

3gymax

Tid

T & v

The anode cap 40616 must always be mounted on the tube, thus also during pre-

heating

OPERATING CONDITIONS

Transformer regulation and voltage drops in the tubes are neglected

Peak inverse voltage V4 invy, =21 kV

Transformer Output Output Power

Circuit l) voltage voltage current output
Ver (KVRMS) V, (kV) I, (A) Wo (kW)

a 7.4 6.7 S 385

b 14.8 13.4 5 67

c 8.6 10 7.5 75

d 14.8 20 7.5 150

e 7.4 8.7 kS 130

f 7.4 9:9 10 95

g 14.8 19 10 190

1) For circuits see page 8 in front of this section

2 MAINTENANCE TYPE
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5870 MAINTENANCE TYPE

DCG12/30

GRID-CONTROLLED HIGH-VOLTAGE
MERCURY-VAPOUR RECTIFYING TUBE

QUICK REFERENCE DATA

Peak inverse voltage Vy invp, max: .27 KV
Peak forward voltage V(lep max. 27 kV
Output current I max. 2.5
Peak anode current Iap max. 10
Negative grid voltage —Vg max. 300 V
Peak grid current Igp max. 125 mA
HEATING: direct; filament oxide-coated
Filament voltage Vg 5 W
Filament current If 13.5 A
Cathode heating time Ty min. 90 s

Phase shift of 90° + 30° between V, and Vf and use of a centre-tapped filament

transformer are recommended

After transportand after a long interruption of service a waiting time of at least
60 minutes between the switching on of the filament voltage and the switching on

of the anode voltage should be observed

CAPACITANCES

Anode to grid Cag pF

Grid to cathode Cg 13 pF

TYPICAL CHARACTERISTICS

Deionization time Tdion < 500 wus

Ionization time Tion < 10 wus

Arc voltage Varc (Ia = 2.5 A) 12V
April 1970 ” H 1



DCG12/30

LIMITING VALUES (Absolute limits)

When the anode voltage V, is negative, the grid voltage must never be positive

Peak inverse voltage
(Frequency

Peak anode voltage

Output current
(Averaging time

Peak anode current

Surge current
(Duration

Negative grid voltage

Grid current
(Averaging time

Peak grid current

V, invp 27 21
tHg 2) 30-40  30-45

tamb 5)  20-25  20-30

l) Direct voltage; before conduction

Va invp max.
f max.
Vv max.
4p
108 max.
Tav max.
Iap max.
ISurge max.
max.
—Vg max.
Ig max.
Tav max.
Igp max.
15 13
25-50 25-55
15-35 15-40

27 kV
150 Hz)
27 kV
2.5 A
30 s)
10
100 A
0.1 s)
300 vl
25 mA
30 s)
125 mA
10 kV
25-60 ©C
15-45 ©C

2) If the equipment is started not more than twice daily it is permitted to apply
high tension at a condensed mercury temperature which is 5 OC less than the

values mentioned in the table

3) With natural cooling

2 MAINTENANCE TYPE
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DCG12/30

MECHANICAL DATA (Dimensions in mm)

Anode connector: 40620

Anode cap : 40616 ;
This cap must always be mounted on
the tube, thus also during preheating
Net weight: 0.75 kg
8=
™2
i~
23
™
11T
[Te]
[{a}
Uil_&l
208338
Mounting position: vertical with base down
OPERATING CONDITIONS
Transformer regulation and voltage drops in the tubes are neglected
Grid voltage Vg (Va invp, = 27 kV) -100 V
Grid voltage Vg (Va invp = 10 kV) =50 V
Grid current Ig 2 mA jro—
Peak inverse voltage Vj, invp = 27 kV
Transformer Output Output Power
Gircuit 1) voltage voltage current output
Vir (kVRMS) Vo (kV) Ip (A) W, (kW)
a 9.5 8.6 5 43
b 19.4 172 5 86
¢ 11 12..9 7.5 97
d 19.1 25.8 Tid 194
e 9.5 112 15 168
f 9 121 10 121
g 19 24.3 10 243
]) For circuits see page 8 in front of this section
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3B28

DCX4/1000

HIGH-VOLTAGE
XENON-FILLED RECTIFYING TUBE

QUICK REFERENCE DATA

Peak inverse voltage Va inv, max. 10 kV  max. 5 kV
Output current s max. 0.25 A max. 0.5 A
Peak anode current Iap max. I A max. 2 A
HEATING : direct; filament oxide-coated
Filament voltage Vi 2:8 .V
Filament current I 5

Cathode heating time

Ty min. 10

Phase shift of 90° + 30° between V, and Vi and use of a centre-tapped fila-
ment transformer are recommended. In order to obtain a low ignitionvoltage
the voltage on pin 4 should be positive with respect to pin 1 at the moment of

ignition.

TYPICAL CHARACTERISTICS

Arc voltage Varc (I; =0.5 A) 12 ¥ IR
LIMITING VALUES (Absolute limits) =
Peak inverse voltage Vainy max. 10 kV max. S -k
(Frequency £ P max. 150 Hz max. 500 Hz )
Output current Ip max. 0.25 A max. 0.5 A
(Averaging time Tav max. 15 s max. 15 s)
Peak anode current Iap max. 1 A max. 2 A
Surge current Isurge max. 20 A max. 20 A
(Duration T max. 0.1 s max. 0.1 s)
Ambient temperature [ -55t0+75 °C -55to+75 ©C
April 1970 il



DCX4/1000

MECHANICAL DATA (Dimensions in mm)

Base : medium 4p with bayonet
Socket : 2422 511 04001 1)
Anode

connector : 40619

Net weight: 100 g

Mounting position: arbitrary

max147
149-156

U

1) At voltages above 2 kV the socket must be insulated from the chassis.

February 1968




DCX4/1000

OPERATING CONDITIONS

Transformer regulation and voltage drops in the tubes are neglected.

Peak inverse voltage Vj ian =10 kV
Transformer Output Output Power
Circuit l) voltage voltage current output
Vir (KVRMS) Vo (kV) I,(A) W, (kW)
a 845 3.2 0.5 1.6
b 7| 6.4 0.5 3
o 4.1 4.8 0.75 3.6
d Ful 9.6 0.75 752
e 3.5 4.1 1.5 6.2
B 3.5 4.5 1.0 4.5
g 7.1 9.0 1.0 9.0
Peak inverse voltage Vj invp =35 kV
) Transformer Output Output Power
Circuit ) voltage voltage current output ‘
Vir (KVRMS) Vo (kV) I, (A) Wo (kW) i
a 1.8 1.6 1.0 1.6 _E_‘
b 3.5 3.2 1.0 3.2 -
c 2.0 2.4 1.5 3.6
d 3.5 4.8 1.5 2
e 1.8 2.1 3.0 6.2
f 1.8 2.2 2.0 4.5
g 3.5 4.5 2.0 9.0

1y For circuits see page 8 in front of this section

February 1968 3
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4B32 DCX4/5000

HIGH-VOLTAGE
XENON-FILLED RECTIFYING TUBE

QUICK REFERENCE DATA
Peak inverse voltage Va invp max. 10 kV
Output current s max. 1.25'7A
Peak anode current Iap max. 5 A

HEATING: direct; filament oxide-coated

Filament voltage Vi 5V
Filament current If oA
Cathode heating time Tw min. 30 s

Phase shift of 90° + 30° between V, and V¢ and use of a centre-tapped fila-
ment transformer are recommended. In order to obtain a low ignition voltage
the voltage on pin 4 should be positive with respect to pin 2 at the moment of
ignition.

TYPICAL CHARACTERISTICS

Arc voltage Varc (I =1.25 A) 120 -V

LIMITING VALUES (Absolute limits)

Peak inverse voltage Va invp, max. 10 kV
(Frequency f max. 150 Hz)
Output current I, max, 1.25:A
(Averaging time Tav max. 15 s)
Peak anode current Iap max. S A
Surge current Isurge max. S0 A
(Duration T max. 0.1 s)

Ambient temperature -55to +70 °C

I
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DCX4/5000

MECHANICAL DATA (Dimensions in mm) 5gmax
Base : Jumbo 4p
WY
Socket 1 2422 511 02001 i
Anode connector : 40619 '
Net weight : 190 g i
x | ©
gl
&
Q|
Mounting position: arbitrary e

OPERATING CONDITIONS

Transformer regulation and voltage drops in the tubes are neglected.

Peak inverse voltage V, invp =10 kV
Transformer Output Output Power
Circuit l) voltage voltage current output
p—— Vir (KVRMS) Vo (kV) I (A) Wo (kW)
— a 3.5 3.2 2.5 8
b 7ol 6.4 2.5 16
c 4.1 4.8 3.75 18
d 7al 9.6 3.75 36
e 3.5 4.1 7.5 31
f 3.5 4.5 5.0 229
g 7l 9.0 5.0 45

1) For circuits see page 8 in front of this section

2 February 1968




8270 ZT1000
8482 ZT1001

GRID-CONTROLLED HIGH-VOLTAGE
MERCURY-VAPOUR RECTIFYING TUBES

QUICK REFERENCE DATA
Peak inverse voltage Va invp max. 21 15 2.5 kV
Peak forward voltage Vap max. 21 15 2.5 kV
Output current I max. 2.5 3 5 A
Peak anode current Iap max. 10 12 20 A
HEATING : direct; filament oxide coated
Filament voltage Vg 5 v b
Filament current If 13 A
Waiting time Tw min. 90 s 2
TYPICAL CHARACTERISTICS
Deionization time Tdion < 500 wus
Ionization time Tion < 10 wus
Arc voltage Varc (o = 3 A) 12 v =
e
LIMITING VALUES (Absolute limits) e
Peak inverse voltage V, invp max. 21 15 2.5 kv 3)
Peak forward voltage Vap max. 21 15 2.5 kv
OQutput current Iy max.2.5 max. 3 max. 5 A 4)
Peak anode current Iap max. 10 smax. 12 imax. 20<A
Surge current Isurge max.100 max.120 max.200 A )
Negative grid voltage —Vg max.300 max.300 max.300 V 6)
Grid circuit resistance R min. 10 min. 10 min. 10 k27
g max.100 max.100 max.100 k2

1234567 see page 2
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ZT1000
ZT1001

[HHFHII

TEMPERATURE LIMITS (Absolute limits)

Peak inverse voltage Va invy, 21 15 10 2.5 kv
Condensed mercury _

temperature tHg 25-45 25-55 25-60 25-75 ©C 8)
Ambient temperature  tamb 15-30 15-35 15-40 15-55 ©C 9

1) Phase shift of 90° + 30° between V, and V; and/or use of a centre-tapped
filament transformer are recommended.

2) For average conditions, i.e. temperature within limits and proper distri-
bution of mercury (see page5).
After transport and also after a long interruption of service alonger waiting
time is required before anode voltageis applied to ensure proper distribution
of the mercury. In general, a time of 60 minutes will be sufficient.

3) f max. 150 Hz

4 T,y max. 30s

5) (i max. 0.1's

6') Direct voltage; before conduction
7) Recommended value 33 k2

8) If the equipment is started not more than twice daily it is permitted to apply
high tension at a condensed mercury temperature of 20 °C.

9) Approximate values with natural cooling.

The ambient temperature is defined as the temperature of the surrounding

air and should be measured under the following conditions:

a. normal atmospheric pressure

b. the tube should be adjusted to the worst probable operating conditions

c. thetemperature should be measured when thermal equilibrium has been
reached

d. the distance of the thermometer from the envelope shall be 75 mm
(measured in the plane perpendicular tothe main axis of the tube at the
height of the condensed mercury boundary)

e. the thermometer shall be shielded to avoid direct heat radiation.

2 February 1968



ZT1000

ZT1001
MECHANICAL DATA Dimensions in mm
Net weight: 0.75 kg
ZT 1000 ZT 1001
209 R 20 X
o M .
s ] 3 [
17 \! f 7 Ny
/ \ / \
/ ) & / \ &
I/ \ / \\
AL TR 1 2l T il
1206 | = 120° "
max 7. NI ] <
S8 max75 ')
) |
‘U__—’E“”J T V—WE‘L ‘
e
—
T
orr——
—_—
Base: Super Jumbo with bayonet Base: Jumbo 4p with bayonet
Socket : 2422 511 01001 Socket 1 2422 511 02001
Anode connector: 40620 Anode connector: 40620
Anode cap 1 40616 Anode cap 1 40616

Mounting position: vertical with base down

The anode cap 40616 is not delivered with the tube but must always be mounted on
the tube, thus also during preheating.
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ZT1000
ZT1001

T

OPERATING CONDITIONS

Transformer regulation and voltage drop in the tubes have been neglected

Grid voltage Vg Va invp = 21 kV) -100 V
Grid voltage Vg Vy invp =10 kV) -50 V
Grid current Ig 2 mA
Peak anode inverse voltage Vg invp = 21 kV
Transformer Output Output Output
Cizduitly voltage voltage current power
Vir KVRMS) Vo (kV) I &) Wo (kW)
a 7.4 6.7 5 33.5
b 14.8 13.4 5 67
o 8.9 10 7:5 75
d 14.8 20 ) 150
Peak anode inverse voltage V, invp ~ 15 kV
Transformer Output Output Output
Circuit 1) voltage voltage current power
Vir kVRMS) Vo (kV) I (A) Wo (kW)
a 5.3 4.8 6 28.8
b 10.6 9.6 6 5746
(&5 6.1 7.2 9 64.8
d 10.6 14.4 9 130

1y See page 8 in front of this section
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872A Z2Y1000
8008 2Y1001
= 2Y1002

HIGH-VOLTAGE
MERCURY-VAPOUR RECTIFYING TUBES

QUICK REFERENCE DATA
Peak inverse voltage Va invp max. 13.5 7 kv
Output current I max: 1.5 1785 A
Peak anode current Iap max. 6 7 A

HEATING : direct; filament oxide coated

Filament voltage Vs S5 V
Filament current If 7 A
Waiting time (tgg > 25 °C) Tw min. 30 s

A phase shift of 90° + 30° between V, and V¢ and the use of a centre-tapped
filament transformer are recommended.

When the condensed mercury temperature tHg < 25 OC the waiting time can be
found with the aid of the curve on page A.

2
After transport or after long interruptions of operation the waiting time need
not be prolonged.

TYPICAL CHARACTERISTICS
Arc voltage Varc (Ip = 1.5 A) 12 .Y

April 1970 1



[ ZY1000
ZY1001
ZY1002

LIMITING VALUES (Absolute limits)

Mains frequency
Peak inverse anode voltage

Output current
(Averaging time

Peak anode current

Peak surge current
(Duration

Condensed mercury temperature

Ambient temperature

I

f
Va invp

IO
Tav

Iap
Isurge

p
T

tHg

tamb

up to 150
max.13.5
max. 1.5
max. 10
max. 6
max. 50
max. 0.1

25 to 55

10 to 30

150

~

=~
~ o w

30
051
25 to 70

10 to 45

Hz
kv

A
s)

s)
OC 1)
OC 2)

l) If the equipment is started not more than twice daily, it is permitted to apply
the high tension at a condensed mercury temperature of 20 °C.

2) Approximate values with natural cooling. The tube may be operated at higher
ambient temperatures than the stated maxima, provided the difference be-
tween ambient and condensed mercury temperature (approximately 25 °C
with natural cooling) is reduced by an air flow directed to the bulb just above
the base. A reduction of the difference to less than 10 °C can easily be ob-
tained with a simple air jet. Maximum life and best performance will be ob-
tained when the condensed mercury temperature is kept at approx. 35 ©C.
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ZY1000 ’
ZY1001
ZY1002

MECHANICAL DATA
Net weight: 200 g

ZY1000

L

—

max206
max215

Base : Jumbo 4p with
bayonet

Socket: 2422 511 02001

Anode
connector: 40619

ZY1001

_max58.7
max525

max204
max 222

Base : Super Jumbo
with bayonet

Socket: 2422 511 01001

Anode
connector: 40619

Mounting position: vertical with base down

Dimensions in mm !

ZY1002

max58.7
max525,

0 e
N
M4 ﬂ
~ *l
™
& i
R ‘
o |
S |
i
f
f - T
a |
|
i 5
& e
fl e |

Base : Goliath

Socket: 65909 BG/01

Anode
connector: 40619

February 1968 l I



ZY1000
ZY1001
ZY1002

I

OPERATING CONDITIONS

Rectifier circuits

AAAMAAAAAAA,
Vv

o Rk

-
|

)

(D)

(D)

i

(&)

-+

Maximum operating conditions

Transformer losses and voltage drops in the tubes have been neglected.

Peak inverse voltage Vg3 invp * 183.5kV
Transformer Output Output QOutput
Clrcuit voltage voltage current power
Vir kV, RMS) Vo (kV) Ip A) Wo (kW)
a 4.75 4.3 3.0 12.9
b 9.55 8.6 3.0 25.8
& 5.50 6.45 4.5 29
d 9,55 12.9 4.5 58

4 February 1968



ZY1000
ZY1001
ZY1002

OPERATING CONDITIONS (continued)

Typical operating conditions

Peak inverse voltage Va invp = 12.3 kV (max.13.5 kV 1) )

. . Transformer Output Output Output
Oieutt voltage voltage ) current power
Vir (kV, RMS) Vo (kV) I (A) Wo (kW)

a 4.35 3.6 3.0 10.8

b 8.7 P2 3.0 216

c 5.0 5.4 4.5 24.3

d 8.7 10.8 4.5 48.6

1y Corresponding with mains voltage fluctuations of 10%

2) Tube voltage drops and losses in transformer, filter, etc., amounting to
8% of the voltage across the load, have already been deducted.

February 1968
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ZY1000
ZY1001
ZY1002
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MAINTENANCE TYPES 4349 to
4397

SURGE ARRESTORS

EXPLANATION OF PUBLISHED DATA

1. Starting voltage (Ignition voltage; Vign)

The specified minimum and maximum starting voltage values indicate the
voltage limits below which no ignition will take place and above which all
tubes will ignite.

2. Extinguishing voltage (Vext)

At voltages equal to or lower than the voltage specified, the discharge is
extinguished.

3. Line voltage (Viine)

Surge arresters can be used for the protection of lines, the maximum oper-
ating voltage of which does not exceed the value specified. It is clear that
surge arresters can also be used for the protection of lines and apparatus to
which under normal conditions no voltage is applied.

4. Surge current (Isyrge)

The values specified for the maximum temporary current and the appartain-
ing period of time should be regarded asdesign values and are a measure for
the ability to discharge large quantities of electrical energy during a brief
period.

Heavy discharges (within the time specified) resulting in currents that are
about equal to the maximum surge current can be drawn off several times.

Moderate discharges can take place many times before the surge arrester
will fail. Failure will generally be due to too large deviations from the pub-
lished starting and extinguishing voltages.

If there is a great change of heavy continuous discharges, it is recommended
to insert a series resistor, e.g. a voltage dependent resistor. In doing so the
surge arrester will be protected against too large energies, whilst a voltage
dependent resistor (exponent at least 4 to 5) will ensure extinguishing when
discharge has taken place, also in the case of power lines.

February 1968 1



4349 to

4397

5. Fuse in series

In the case of discharges of long duration e.g. as a result of direct contact be-
tween low and high-tension lines, care should be taken that the lines to be pro-
tected are disconnected, since otherwise damage will be caused to the surge
arrester. A series-connected fuse may serve this purpose. The value published
applies to a normal fuse type.

. Capacitive discharge

Like the surge current value the value (expressed in watt seconds) given under
this heading is a measure for the power of the surge arrester. For this value it
also holds that energies equal to the value published canbe drawn off a few times,
and that energies that are several times smaller can be drawn off many times
before the surge arrester will be unserviceable.

RARE GAS CARTRIDGES

Type 4349(4369(4370|4371 (4372|4378 (4379 4383* 4390 14397
- L, v 130-(150-| 80-|150-|280-| 80-({280-|280-|700- (400-
e e 180| 200| 120| 200| 350| 120| 350| 350| 910 500
Min. extinguishing
voltage A% 110| 110 60| 110| 250 60| 130| 130| 200 | 200
Su " 5 s A 5 10 10 S 2.9 10 10 ) 25 5
i 3] 3| 3|~ 3| 1| 3| 3| 3] 3] 1
Fuse in series mi"‘ 6| 10| 10| ‘6| 6| 10| 10| 6| 25| 6
Capacitive discharge | Wg 10( 10| 10 10( 10| 10( 10| 10| 500 10
Wiy fine viltske V= 70 70 36 70| 200 36 50 50( 175 150
— i g Va 75 75 50 75| 180 50| 180| 180| 300| 230
R
e Dimensions, see fig.| No. I IV [ IV II IV | III | IV 1I A% v
ewaans
*Obsolescent type
2 MAINTENANCE TYPES April 1970




4349 to

4397

max 1275 max 4.5
12 1.9
s
i~ =
I 5 1I ?,
|
2 R

7203670

J2.5
max 19.5
" [
s
¥
i
2
v A%
LL
7203672

max 10

max 19.5

III

max 26.5

16.5
: ~

15

M4

74.5-78
92.5-98

720367

60—-65
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CURRENT

REGULATORS
329 1904 1927
1908 1928
1909 1941
1910
f! f f
3 3
f,f! KQ:: 10 % 04
2 2
7 F 7
Base 3-p 3-p A
Socket 2422 512 02001
340 1918-01
1905
1913
1923
1941
—
7203955
Base EDISON EDISON MIGNON

(V]
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Associated accessories






TE1051b
TE1051 c

COOLING WATER CONNECTION
FOR IGNITRONS

TE 1051b Cap Nut (Thread 3/8" gas)

TE 1051c Connection for 9 mm Hose

Material: brass

March 1969






4152/02

BIMETAL RELAY

Bimetal relay

QUICK REFERENCE DATA

Heater current I 85 to 115 mA
Timing 150 to 30 s
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: A
( Y 4
RS
2 Y
5
( g 3
R@) 0 (Di.c. S
Y
% U 0]
S 72063 max 32_ 7203639
HEATING
Heater current Ir 85to 115 mA

At tamb < 25 °C the recommended min. value is 95 mA

Resistance of the heating element R R 370 @

OPERATING CHARACTERISTICS at tamp = 25 °C

Heater current Iy 85 95 115 mA

Timing max. 150 55 to 85 min.30 s

HifLl
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4152/02

LIMITING VALUES (Absolute max. rating system)

Heater current Iy max. 125 mA
Ambient temperature tamb max. 460 ©°C
Current tymp  min. -10 °c
Maximum current
When switching on When switching off
Mains voltage

220 V= 1.5 A 250 mA

220 Vo 1.5 A 250 mA

380 Va 0.7 A 75 mA
ACCESSORIES
Socket type 40465

il
February 1968



40409

TUBE SOCKET

595

63

136

.
.
I

s

00

2 _—:@Z:é@_: g

?m | M

'98

52 |

1 130
b
160

e 7708908 ™

Material: Pertinax Insulating Material

February 1968



40616

I

Material: Phenolic

ANODE CAP

7206504

February 1968




40619

TOP CAP CONNECTOR

FOR TOP CAPS WITH 14.38 mm @ (IEC 67-III-1b, type 3).

Material: brass, nickel plated

I

February 1968 H “



40620 H

TOP CAP CONNECTOR

FOR TOP CAPS WITH 20.32 mm @ (IEC 67-III-1b, type 4).

Material: brass, nickel plated

1 l ( February 1968




40713

STRAP FOR THERMOSTAT

| = f
' :
EIRER } i [
39 | ~— <
x| C
O_ T - T
EE )\ ==
y ! == ' e —
12, min 318
M4 |
@
=@
4 @
Te]
x
o ; / > {
E
~ max4.2 )
S ! |
Jl 4l 1 [T =
rg 3 F 7J
max 75.2 7207244
—
—“
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| 40714

STRAP FOR THERMOSTAT

|
| >
| ] !
1 E |
| '
! 12 in
|
4 | | f
b 4 /]
x| <f- ,]*___,*,é}___*,@,
g 7 ; i
62 J
max 75.2

7207245

Y
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55305

WATER SAVING THERMOSTAT

80

52
%\|@
2l

_¢_

57

Lt

315

|
|
J—r—[ ]23—'—7EWE“J=?=

"

The thermostat has a normally open contact which closes at a typical plate
temperature of 35 +3 °C and reopens at 30 +3 °C

Contact ratings

30 Ve 10 A
15"V aia 10 A
250 Vims 8 A
600 Vems 0.5 A

Max. voltage between ignitron and thermostat 600 V... ¢

i
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55306

I

PROTECTING THERMOSTAT

52
@
oo
+
|
P
i &
5
L
80 o

57 | 112
] ]
1 : 1
['s] | :
- J =
} | 72076 )
23

The thermostat has a normally closed contact which opens at a typical plate
temperature of 52 +3 °C and recloses at 41 +3 OC

Contact ratings

30 Vge 10 A
125 Vg 10 A
250 Vo 8 A
600 V..o 0.5 A

Max. voltage between ignitronand thermostat 600 V.

1 February 1968



55317

WATER SAVING THERMOSTAT

800

— " '
(42] Jy
s 7207118

The thermostat has a normally open contact which closes at a typical plate
temperature of 35 + 3 °C and reopens at 30 +3 OC

Contact ratings

30 Vge 10 A
125 Vs 10 A
250 Vims 8 A
600 Vyms 0.5 A

Max. voltage between ignitron and thermostat 600 Vyms

i1
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55318

PROTECTING THERMOSTAT

—»

800

"
7207119

" '

The thermostat has a normally closed contact which opens at a typical plate
temperature of 52 +3 OC and recloses at 41 +3 °C

Contact ratings

30 Vg 10 A
1% Vipss 10 A
350 Vyms 8 A
600 Vims 0.5 A

Il

Max. voltage between ignitron and thermostat 600 Vymg

1 February 1968




55351

IGNITOR CABLE

330

April 1970






55357

IGNITOR CONNECTOR

721248

May 1970 ” ”
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55701

PRINTED WIRING BOARD

for supporting the tube ZM1000

Mounting board to which the ZM1000 can be soldered after which the combination
can be connected to a vertical printed wiring board which contains, e.g., the drive
unit.

DIMENSIONS in mm
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0 5 10 15 20 25 320 35 7208858
Material phenol paper 0.8 mm
Holes 0.8 mm P on 2.54 (0.1 in) pitch

for soldering the ZM1000,
soldering islands 2-0.1 mm f

1.1 mm @ on 5.08 (0.2 in) pitch
for connections,
soldering islands 34+0.1 mm @

Creepage distance min. 0.35 mm

Track width min. 0.35 mm

March 1969
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55702

14 PIN TUBE SOCKET

Socket for over chassis mounting and mounting on a printed wiring board with ref-

erence grid according to IEC publication 97.

The socket is compatible with 14 pin base (e.g. ZM1000).

MECHANICAL DATA
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Material: Phenolic

Contacts: Fork shaped, silver plated

Dimensions in mm
Hole pattern in printed

wiring board
(for bottom view of socket)

e=2.546mm
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=i
HE

7208383

March 1969






55703
55704

SNAP-FIT INDICATOR-TUBE ASSEMBLY

A snap-fit indicator-tube assembly consists of a left-hand end piece @ , anumber
of snap-fit tube holders @, as many as there are indicator tubes to be fitted side
by side, a right-hand end piece @ , and a filter plate @ , which forms the front
panel. The filter plate is preferably of the blue-light absorbing type made of, for

instance, circular- polarized material.
7208622

O @ @06

The various items can be fitted easily into a rectangular window cut in the frontplate
of a piece of equipment; no tools are needed for mounting and this can take place

from the front.
A snap-fit indicator-tube assembly can be used with front plates 1.640.2mm thick.

DIMENSIONS in mm Material: gray plastic.

Left-hand end piece
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Right-hand end piece

7 ’3 /

55704 R \

54

These two items are supplied together under type number 55704

Snap-fit tube holder Type number 55703

holes eg for mounting
a printed wiring board
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55703
55704

i

Window to be cut in the front plate

e n
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n = number of tube holders type 55703.

plate thickness 1.6 +0.2 mm
Filter plate (not included in the delivery)

18.8n+1

3805
="

? % 7208620

n = number of tube holders 55703

MOUNTING INSTRUCTIONS

1. Slide one of the end pieces into position in the window cut in the front plate;
Figs. la and 1b show this for the left-hand end piece.

Fig.la

Fig.1b

I

February 1968



55703
55704

LI

2. Slide the snap-fit tube holders into position one by one, see Fig.2a and 2b.

Fig.2b

Fig.2a
3. After the last tube holder has been moved to its place, slide the filter plate into
the grooves provided for the purpose, see Fig.3. Slide the other end piece into
position in the manner explained for the first end piece.

Removal of the various items takes place in the reversed order.

7200829

Fig.3

February 1968



55705

14—PIN TUBE SOCKET

14-pin socket, intended for use with close mounted rectangular envelope indicator
tubes.

MECHANICAL DATA Dimensions in mm
.
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| 56022

MOUNTING BRACKET FOR INDICATOR TUBES

This bracket provides a simple means of mounting an indicator tube of dimensions
similar to the ZM1080 series directly to the edge of a printed circuit board.

Dimensions in mm

213
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Material: plastic

March 1969 1
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INDEX OF TYPENUMBERS

Type No. Section Type No. Section Type No. Section
AGR9950 HVs PL5551A Ign. ZM1005R €S 1.
DCG1/250 H.V. PL.5552A Ign. ZM1020 C.S. LT,
DCG4/1000 | H.V. PL.5553B Ign. ZM1021 CsSuls T,
DCG4/5000 | H.V. PL.5555 Ign. ZM1022 C.8. LT
DCG5/30 H.V. PL.5557 Thyr. ZM1023 C.S.LT%
DCG5/5000 | H.V. PL5559 Thyr. ZM1024 C.S.L.T.
DCG6/18 H.V. PL.5632/C3J Thyr. ZM1025 Gadald T
DCG6/18GB | H.V. PL5684/C3JA | Thyr. ZM1030 C.8.I.T.
DCG6/6000 | H.V. PL.5727 Thyr. ZM1031/01 | C.S.I.T.
DCG7/100 HaN PL6574 Thyr ZM1032 C.5. L.
DCG7/100B | H.V. PL6755A Thyr. ZM1033/01 | C.S.I.T.
DCG9/20 EL.XF . TE1051b Ace, ZM1040 CS:L. T,
DCG12/30 H.V. TE1051c ACC; ZM1041 C .S
DCX4/1000 | H.V. Z70U TE.T. ZM1042 (@I 0 e L
DCX4/5000 | H.V. 7710 TE. L. ZM1043 QST
OA2 V.5.R.T 7.504S C.S.I.T. || ZM1050 C.8.1. T
OA2WA V.5.R.T 75058 C.S.I.T. || ZM1080 Cab:L: T
0B2 V.5.R.T 7803U o il 8 ZM1081 C.S.I.Tx
OB2WA VSR T ZA1001 Tr:T . ZM1082 C.:8.1.°T:
PL2D21 Thyr. ZA1002 Tr..T: ZM1083 C.5.1.T.
PL3C23A Thyr. ZA1004 Tr.T. ZM1162 C.5.1.T.
PL10 Thyr. ZA1005 TE.T . ZM1170 C.8.1.F;
PL105 Thyr. 7ZC1040 TreLs ZM1172 CaSalv s
PL106 Thyr. ZC1050 Tx T ZM1174 G.5. 1T,
PL150 Thyr. ZC1060 TE.TE. ZM1175 €.5.1.T;
PL255 Thyr. ZM1000 C.S.I.T. || ZM1176 €.5.1.T,
PL260 Thyr. ZM1000R C.S.I.T. || ZM1177 G.5.1.T.
PL1607 Thyr. ZM1001 C.S.I.T. || ZM1200 C.5.1.T.
PL5544 Thyr. ZM1001IR C.S.I.T. || ZM1i230 G5 T
PL5545 Thyr. ZM1005 C.8.1.T. || ZM1232 C.8.1.T.

Acc. = Accessories Thyr. = Thyratrons
C.S.I.T. = Counter-, selector and in- Tr.T. = Trigger tubes and switching
dicator tubes diodes

H.N.. = High-voltage rectifyingtubes V.S.R.T. = Voltage stabilizing and ref-
Ign. = Ignitrons erence tubes

I.R.T. = Industrial rectifiying tubes

Misc. = Miscellaneous




Type No. Section Type No. Section Type No. Section
ZT1000 H: V. 1039 L.RT 1928 Misc.
ZT1001 H.¥. 1049 LR .. 1941 Misc.
ZT1011 Thyr. 1054 I.R.T. 4152/02 Acc.
ZX1051 Ign. 1069K I.R.T. 4349 to Misc.
7X1052 Ign. 1110 I.R.T. 4397
ZX1053 Ign. 1119 I:R:T= 4662 C.S:L.T.
ZX1060 Ign. 1138 I.R.T. 5643 Thyr.
7X1061 Ign. 1163 R T 5696 Thyr.
2X1062 Ign. 1164 LR T 5949 Thyr.
7ZX1063 Ign. 1173 I.R.T. 40409 Acc.
ZY 1000 H. V. 1174 I.R.T. 40616 Acc.
ZY 1001 H.V. 1176 L.R..T. 40619 Aeei,
7Y 1002 H.V. 1177 L:R.T 40620 Actcs
771000 V.S.R.T 1710 I.R.T. 40713 Acc.
3C45 Thyr 1725A LR:T: 40714 Acc.,
4C35A Thyr 1738 I N 55305 Acc.
5C22 Thyr. 1749A LR,T. 55306 Acc.
75C1 V.S.R.T 1788 I.R.T. 55317 Acc
83A1 V.S.R.T 1838 I.R.T. 55318 Acc.
85A2 V:S.R.T 1849 L.R.T, 55351 Acc.
90C1 VSR T 1859 I.R.T. 55357 Acc.
150B2 V5. R T 1904 Misc. 55701 Acc.
328 I.R.T: 1905 Misc. 55702 Acc
329 Misc 1908 Misc. 55703 Acc.
340 Misc 1909 Misc. 55704 Acc.
354 LR,T 1910 Misc. 55705 Ace,
367 I.R.T 1913 Misc. 56022 Acc.
451 I.R:T 1918-01 Misc. 56062 Ace.
1010 I.R.T 1923 Misc.

1037 L.R.T 1927 Misc.
Acc. = Accessories
C.S.I.T. = Counter-, selector and indicator tubes
H.V. = High-voltage rectifying tubes
Ign. = Ignitrons
I.R.T. = Industrial rectifying tubes
Misc. = Miscellaneous
Thyr. = Thyratrons
Tr.T. = Trigger tubes and switching diodes
V.S.R.T. = Voltage stabilizing and reference tubes
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. Voltage stabilizing - and reference tubes

Counter-, selector - and indicator tubes

Trigger tubes and switching diodes

Thyratrons

Industrial rectifying tubes

Ignitrons

High - voltage rectifiying tubes

Miscellaneous
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Associated accessories










