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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.

March 1969



o
e B R
e e




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
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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

6 March 1969



ZM1000

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.

2 MAINTENANCE TYPE April 1970




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

100

500

[ )
o
QS

BT
\Job///

S
S
\

wn
S

\

3

Ignition delay time (ms)

»n

1 2 5 10 20 30 4050 60 70 80 90 95 98 99
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
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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.

[

February 1968



PL5557

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

March 1969 1
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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



AT

PL5727

-y

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.
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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
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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



3C45

|

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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4C35A

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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5C22

(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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5C22

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

March 1969 3






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 -k<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>