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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: 

Ei.ECTRON TUBES (9 parts) BLUE 

SEMICONDUCTOR$ AND INTEGRATED CIRCUITS (6 parts) RED 

COMPONENTS AND MATERIALS (7 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 quoted differ from those published in 
the preceding edition theywill be pointed out by arrows. You will understand that we 
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 published data about any of our 
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 January 1972 
Transmitting tubes (Tetrodes, Pentodes) Amplifier circuit assemblies 

Part 2 
Tubes for microwave equipment 

Part 3 
Special Quality tubes 

Part 4 
Receiving tubes 

Part 5 
Cathode-ray tubes 
Photo tubes 
Camera tubes 

February 1972 

March 1972 
Miscellaneous devices 

April 1971 

May 1971 

Associated accessories 

Port 6 June 1971 
Photomultipliers tubes Radiation counter tubes 
Channel electron multipliers Semiconductor radiation detectors 
Scintillators Neutron generator tubes 
Photoscintillators Plioto diodes 

Associated accessories 

Part 7 July 1971 
Voltage stabilizing and reference tubes Thyratrons 

Counter, selector, and indicator tubes Ignitrons 
Trigger tubes Industrial rectifying tubes 
Switching diodes High -voltage rectifying tubes 

Part 8 
T.V. Picture tubes 

Part 9 
Transmitting tubes (Triodes) 
Tubes for R. F. heating (Triodes) 

March 1972 

August 1971 

December 1971 
Associated accessories 



SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES; 

This series consists of the following parts, 

Part 1 Diodes and Thyristors 

General 
Signal diodes 
Variable capacitance diodes 
Voltage regulator diodes 
Rectifier 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 
Microwave devices 
Field effect transistors 
Dual transistors 
Microminiature devices for 
thick- and thin-film circuits 

Part 5 

General 

Part b 

Linear Integrated Circuits 

Digital integrated circuits 

General 
DTL (FC family) 
TTL (FJ family) 
TTL (GJ family) 

issued on the dates indicated. 

September 1971 

Thyristors, diacs, triacs 
Rectifier stacks 
Accessories 
Heatsinks 

Deflection transistors 
Accessories 

Switching transistors 
Accessories 

October 1971 

November 1971 

December 1971 

Photoconductive devices 
Photodiodes 
Phototransistors 
Light emitting diodes 
Tnfra-red sensitive devices 
Accessories 

February 197:2 

Linear integrated circuits 

March 1972 

MOS (FD family) 
HNIL (FZ family) 
CML (GH family) 

February 1972 



COMPONENTS AND MATERIALS (GREEN SERIES) 

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

Part 1 Circuit Blocks, Input/Output Devices, October 1971 

Electro-mechanical Components •), Peripheral Devices 

Circuit blocks 40-Series 
Counter modules 50-Series 
Norbits 60-Series, 61-Series 
Circuit blocks 90-Series 

Input/output devices 
Electro-mechanical components 
Peripheral devices 

^` ) 

Part 2 Resistors, Capacitors December 1971 

Fixed resistors 
Variable resistors 
Non-linear resistors 
Ceramic capacitors 

Paper capacitors and film capacitors 
Electrolytic capacitors 
Variable capacitors 

Part 3 Radio, Audio, Television February 1972 

FM tuners 
Coil assemblies 
Piezoelectric ceramic resonators 

and filters 
Loudspeakers 

Audio and mains transformers 
Television tuner s, aerial input assemblies 
Components for black and white television 
Components for colour television 
Deflection assemblies for camera tubes 

Part 4 Magnetie Materials, Piezoelectric Ceramics April 1971 

Ferrites for radio, audio 
and television 

Small coils, assemblies and 
assembling parts 

Ferroxcube potcores and square cores 
Ferroxcube transformer cores 
Piezoxide 
Permanent magnet materials 

Part 5 Memory Products, Magnetic Heads, Quartz Crystals, June 1971 
Microwave Devices, Variable Transformers 

Ferrite memory cores 
Matrix planes, matrix stacks 
Complete memories 
Magnetic heads 

Quartz crystal units, crystal filters 
Isolators, circulators 
Variable mains transformers 

Part 6 Electric Motors and Accessories, August 1971 

Timing and Control Devices 

Stepper motors 
Small synchronous motors 
Asynchronous motors 

Part 7 Circuit Blocks 

Circuit blocks 100kHz Series 
Circuit blocks 1-Series 
Circuit blocks 10-Series 

Small d. c. motors 
Tachogenerators and servomotors 
Indicators for built-in test equipment 

September 1971 

Circuit blocks for ferrite core 
memory drive 

y~) From October 1971 published in Part 1 instead of Part 5. 
February 1972 
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GENERAL OPERATIONAL 
RECOMMENDATIONS SPECIAL QUALITY TUBES 

1. GENERAL 

Deviations from these directives will be stated on the individual data sheets. 
If applications are considered not referred to in the data of the relevant tube 
type extra care should be taken with circuit design to avoid that the tube is 
overloaded due to unfavourable operating conditions. 
Also in the circuit design use might be made of tube characteristics not con-
trolled by the manufacturer. When at a later date batches of tubes are deliv-
ered which show different values for these characteristics this may result in 
unsatisfactory performance of the equipment. 

2. NONIINAL AND SPREAD VALUES OF TUBE CHARACTERISTICS 

Tube data not stated as maximum or minimum values apply to a nominal tube. 
Equipment design should be based on the characteristics as stated in the data 
sheets. 
With measurements carried out witha small number of tubes and in particular 
with new tube types it should be taken into account that average and spread 
values may differ from those obtained at larger quantities. 

3. SPREAD AND VARIATION OF OPERATING CONDITIONS 

Parameter values which define the operating conditions may be subject to 
spread and/or variation. 

3.1 Spread. Spread of a parameter value will result in individual values perma-
nently deviatingfrom the average value. The nominal value is the average of 
such a number of individual values taken at random that an increase of the 
number will have a negligeable influence on the average value. 

3.2 Variation. Variation of a parameter value is the change of value occurring 
as a function of time. 
The nominal value is the average value calculated over a period such that a 
prolongation of [hat period will have a negligible influence on the average 
value. 
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4. LIMITING VALUES 

Limiting values should be used in accordance with the applicable rating sys-
tem as defined by I.E.C. publication 134. 
Reference may be made to one of the following 3 rating systems. 

4.1 Absolute maximum rating system. Absolute maximum ratings are limiting 
values of operating and environmental conditions applicable to any elec-
tronic device of a specified type as defined by its published data, and should 
not be exceeded under the worst probable conditions. 

These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking no responsibility for equipment varia-
tions, environmental variations, and the effects of changes in operating 
conditions due to variations in the characteristics of the device under con-
sideration and of all other electronic devices in the equipment. 

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

4.2 Design-maximum rating system. Design -maximum ratings are limiting 
values of operating and environmentalconditions applicable to a bogey elec-
tronicdevice of a specified type as defined by its published data, and should 
not be exceeded under the words probable conditions. 

These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking responsibility for the effects of changes 
in operating conditions due to variations in the characteristics of the elec-
tronic device under consideration. 

The equipment manufacturer should design so that, initially and throughout 

life, no design-maximum value for the intended service is exceeded with a 
bogey device under the worst probable operating conditions with respect to 
supply-voltage variation, equipment component variation, variation inchar-
acteristics of all other devices in the equipment, equipment control adjust-
ment, load variation, signal variation and environmental conditions. 

4.3 Design-centre rating system. Design-centre ratings are limiting values of 
operating and environmental conditions applicable to a bogey electronicde-
vice of a specified type as defined by its published data, and should not be 
exceeded under normal conditions. 
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These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device in average applications, taking responsibility for 
normal changes in operating conditions due to rated supply -voltage variation, 
equipment component variation, equipment control adjustment, load varia-
tion, signal variation, environmental conditions, and variations in the char-
acteristics of all electronic devices. 

The equipment manufacturer should design so that, initially, no design-

centre value for the intended service is exceeded with a bogey electronic 

device in equipment operating at the stated normal supply -voltage. 

4.4 In addition to the limiting values given in the individual data sheets the di-
rectives in the following paragraphes should be observed. 

5. ELECTRODE VOLTAGE 

Two limiting values of electrode voltage are given 
a) Vao, Vg2o etc. 

These values are continuously permitted at zero anode current and with 

cold cathode. They are also permitted as peak voltage during operation 
when a D.C. voltage in combination with a superimposed A.C. voltage are 
present at the electrode provided that the peak value coincides with approx. 
zero electrode current. 

b) Va, Vg2 etc. 
These values are D.C. components of the electrode voltages and are con-
tinuously permitted. 
In circuits with automatic gain control the D.C, component may exceed the 
published limiting value with 20~ provided that the increase of voltage is 
solely resulting from the gain control and that the maximum voltage coin-

cides with approximately zero electrode current. 

6. ELECTRODE CURRENT 

The limiting values Ia, Ig2 etc. are the D.C. components of the electrode 
currents calculated over 20 ms. 
If no specific pulse ratings apply a peak value 2xIa, Ig2 etc. is permitted for 
10 ms maximum. 

7. ELECTRODE DISSIPATION 

The limiting values Wa, Wg2 etc. are the average values at an averaging time 
of 1 s. If for audio output tubes a limiting value Wg2p is given this value 
applies to operation with speech and music excitation and should not be ex-
ceeded if measured with a sinusoidal signal and at maximum output. If load 
values vary during operation care should be taken not to exceed the limiting 
values of Wa and Wg2 . 
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8. HEATER VOLTAGE 

The average heater voltage should be the specified nominal value. Variation 
of the heater voltage exceeding the range of Vf nom. ± 5~ will shorten the 
tube life. 

9. SUPPLY VOLTAGE 

If design centre ratings apply the variation of supply voltage should not ex-
teed the range of the nominal value ± 10~. 

10. RESISTANCE VALUES 

If design centre ratings apply the spread of resistance values should be lim-

ited such that with all other conditions nominal no electrode voltages orcur-
rents will exceed the range of their nominal values ± 5~. 

11. HEATER CATHODE CIRCUIT 

Limiting values of Vkf apply to the positive and negative D.C. component of 
the voltage between the cathode and any of the heater terminals. 
The limiting peak value is 2 times the rated D.C. value with a maxiniu:~i of 
315 V. 
At the published values only the risk of breakdown is considered. No con-
clusions with respect to hum should be drawn from this figure. 
To minimise the influence of variation and spread of the leakage current 

between heater and cathode the resistance of the external heater to cathode 
circuit should not exceed 20 kS2 in R.F. circuits where frequency stability 
or preservation of wave form is required and in A.F. circuits with low sig-
nal level. 
However, when the D.C, value of Vkf is at least 3 times the RMS value of 
the heater voltage an external resistance between heater and cathode of max-
imum 220 kS2 can be used provided that the hum voltage which may then occur 
across the cathode resistor can be accepted for the application considered. 

12. SUPPRESSOR GRID CIRCUIT 

The voltage of the suppressor grid with respect to the cathode should not be 
positive and should not exceed 35 V. 
The external resistance in the suppressor grid circuit should not exceed 
5 kS2. 
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13. CONTROL GRID CIRCUIT 

In the interest of low hum and noise the resistance in the control grid circuit 
should be as low as possible. 
The limiting value of the grid resistance given in the data sheets is chosen 
so that the negative grid current which may occur during life will not result 

in unacceptable tube operation. 

If only the limiting value of the resistance for fixed bias operation is given 

and stabilizing elements are used in the circuit, this limiting value may be 
multiplied by the D.C. feedback factor obtained by these stabilizing elements 

to a maximum of 20 MSl. 

14. SHOCK AND VIBRATION 

The conditions specified under "shock and vibration resistance" are test 

conditions applied to assess the mechanical quality of the tube. 
These conditions are not intended to be used as normal operating conditions. 

15. LIFE 

In the interest of a satisfactory life performance and especially where long 

life is required the tube should be operated under the conditions quoted un-

der "operating conditions" . Spread and variation of operating conditions 

should be limited as much as possible. In this respect the operation with 
high cathode resistor values and positive grid bias is to be preferred. 
Variation of heater voltage should not exceed the limits indicated in item 8 
or if applicable, the limiting values specified in the individual tube data 
sheets. 

16. HUM 

A.F. application. If in the data an equivalent hum voltage on the control grid 

is given this value applies to the following conditions: 
1. The frequency of the heater voltage is 50 c/s + 3°~o harmonics 500 c/s. 

2. The hum voltage is measured as the equivalent RMS value with a filter of 

45-550 c/s with a straight response curve. 
3. The value of the impedance in the control grid circuit (Zgl ) does not ex-

ceed the value published with respect to hum. 
4. The impedance in the cathode circuit is as specified with respect to hum. 

If no value is given the hum voltage across the cathode resistor is con-
sidered to be negligible. 

5. The heater terminals and supply leads are screened with respect to the 
other electrode terminals unto the tube bottom, 

6. The A.C. voltage between cathode and heater does not exceed the value 
corresponding with the method of earthing of the heater circuit specified 
with respect to hum. 
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17. MICROPHONY 

The performance of an equipment with respect to microphony is defined by 
the following conditions: 
1. The microphony performance of the relevant tube type. 
2. The acceleration applied to the tube during operation. 
3. The A. F . a.nplification between the input of the tube and the output of the 

applied circuit. 

In many applications a tube, is subject to accelerations applied via the tube 
socket or, however to a less extend, via the surrounding air. 
The acceleration may be produced by a loudspeaker or by the operation of 
a motor or of a switch. 
Measurements to reduce the acceleration should be directed to mechanical 
or acoustical isolation of the tube. 
If mechanical isolation is required the application of a flexible tube holder 
is advised. 

18. ENVIRONMENTAL CONDITIONS 

18.1 Atmospheric pressure. Ratings apply to operation at normal atmospheric 
pressure at altitudes below 3000 m. 
In order to avoid the risk of external flashovers it is advised to consult us 
if tubes have to be operated at lower pressures. 

18.2 Bulb and base temperature. The bulb and the base temperature are defined 
as the highest temperature at any place on the bulb or the base. 
The base temperature should not exceed 165 oC. 
If the maximum permitted base or bulb temperature is exceeded life per-
formance may deteriorate. Adequate cooling should therefore be observed 
and may be obtained by convection, radiation or conduction. 
A tube mounted in free air may be cooled by convection and by radiation. 
In order to obtain the most efficient cooling a free circulation of air should 
be assured around the tube and neighbouring bodies should be maintained at 
low temperature. 
These neighbouring bodies should preferably approach the condition of a 
perfect black body. 
With the design of screening- or retaining devices free circulation of cool-
ing air should be permitted and reflection of heat back on to the bulb must 
be avoided. 
Where the forementioned requirements cannot be met due to mechanical 
limitation or high altitude or where the temperature of the air available for 
circulation is too high, forced air cooling or conduction can be adopted. In 
some cases it may be necessary to reduce the electrode dissipation. 
If a good thermal contact can be maintained between the glass surface of the 
tube and the heat conducting mass on which it is mounted and if this mass 
is at a sufficiently low temperature, cooling by air circulation may not be 
necessary. This method is particularly suitable for tubes with flying leads 
when the mechanical arrangements are not likely to allow free air cooling. 
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18.3 Flashover.' To avoid insulation breakdown due to ionization or tracking at 
high electrode voltages adequate ventilation is required. 
High voltage terminals should not have sharp or pointed edges. 

19. MOUNTING AND WIRING 

19.1 Mounting position. A tube may be mounted in any position. The vertical 
position however, is recommended. 

19.2 Pins and sockets. Subminiature tubes employ semi-rigid pins. 
To ensure that these pins are straight before insertion into the tube socket 
use may be made of a pin straightening tool. It is recommended both in 
wired and in printed circuits to use sockets with floating contacts. The 
connections to these floating contacts should be as flexible as possible. 
Where the floating contacts are rigidly attached to the contact tags, a wir-
ing jig should be used to ensure that the socket contacts are in the correct 
position to receive a •tube after the socket has been wired. The use of too 
stiff wiring will destroy the advantage provided by the float of the contacts 
and may hold the contact so far out of position as to result in damage of the 
tube base. 
No connections should be made to a pin marked i.c. 

19.3 Flexible leads. Where tubes with flexible leads are employed without plug 
in sockets and are held in position by means of the envelope, such support 
should not cause undue stress on the leads. 

19.4 Soldering. Where the leads are connected by soldering they should not be 
sharply bent close to the glass. It should also be avoided that the glass to 
metal seal is overheated. 
The leads therefore should not be soldered nearer than 5 mm to the glass 
and use may be made of a thermal shunt between the glass and the soldering 
point. 

19.5 Magnetic and electrostatic fields. To avoid unwanted effects of magnetic or 
electrostatic fields a tube should be positioned or shielded as to reduce such 
effects to a minimum. 

19.6 Retaining devices. If measures are required to prevent a tube being shaken 
out of the holder a retaining device may be used. 
Care should then be taken not to exceed the maximum permitted bulb tem-
perature. 

19.7 Floating electrodes. All tube electrodes should have a D.C. connection to 
the cathode. An interruption of Che D.C. connection between cathode and 

earth or heater and earth may introduce heater -cathode breakdown and 
should be avoided. 
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Cam 

S.Q. TUBE 

Special quality pentode designed for use as A.F. and R.F. amplifier, output 

tube, oscillator a.o. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Base Loctal 

Heating Indirect 
A.C. or D.C. 
Series or parallel supply 

Heater voltage V f 20 V 

Heater current If 125 mA 

Anode current Ia 16 mA 

Mutual conductance S 6.5 mA/V 

Equivalent noise resistance Req 1200 S2 

Hum voltage Vgeq 10 µVR MS 

DIMENSIONS AND CONNECTIONS 

Base: Loctal 

max 32 
~ ~ 

~. 

u~ 
x 0 
E 

uy~u  

~o
k 0 
E 

1204339 

Dimensions in mm 

December 1968 



Cam 

CHARACTERISTICS 

Column I 
II 
III 

Nominal value or setting of the tube 
Range values for equipment design: Initial spread 
Range values for equipment design: End of life 

I II III 

Heater voltage Vf 

Heater current If 

20 

125 120 - 130 

V 

mA 

Anode supply voltage Vba 225 V 

Grid No.2 supply voltage Vbg2 155 V 

Grid No.3 voltage Vg3 0 V 

Cathode resistor Rk 250 S2 

Anode current Ia 16 13.5 - 19 min. 11. 5 mA 

Grid No.2 current Ig2 3 2 - 4 mA 

Mutual conductance S 6.5 5.5 - 7.8 min. 4. 5 mA/~ 

Internal resistance Ri 250 min. 200 kS2 

Amplification factor µg2g1 
19 

Negative grid current —Ig max. 0.5 max. 1.0 µA 

Output power Wo 1.5 W 

Anode load resistance Ra ti  10 kSt 

Total distortion dtot - 10 °~o 

Cathode heating time 26 19 - 33 sec 

Anode current Ia = 4 mA 

Equivalent noise resistance 

R. F . ReQ 1200 max.2000 ~ 2 

R.F. connected as triode Req 650 `-~ 

A.F. (500 - 3000 Hz) Req 5000 S2 
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Cam 

CHARACTERISTICS (continued) II III 

Insulation between cathode 
max. 0. 5 max. 1.0 µA and heater Ikf 

Voltage bet~~~een cathode and 
heater V~ = 50 V (cathode positive) 

Insulation between two electrodes Rins min. 1000 min. 300 MS2 

Voltage between electrodes 

V=50V 

Hum voltage Vgeq max. 10 µVRMS 

Grid No.l resistor Rgl = 500 kS2 

Cathode by-pass capacitor Ck=100µF 

Heater centre earthed 

CAPACITANCES II 

Grid No. 1 to grid No.2, grid No.3, 

cathode, heater and screen 
Cgl/g2g3kfs

8.5 7.5 - 9.5 pF 

Grid No.l to grid No.2, grid No.3, 

cathode, heater and screen Cgl/g2g3kfs 10.5 pF 

Cathode current Ik = 19 mA 

Anode to grid iVo.2, grid No.3, 
cathode, heater and screen Ca/g2g3kfs 6.0 4.5 - 7.7 pF 

Grid No. l and anode to grid No.3, 
grid No.2, cathode, heater 

and screen Cgla/g3g2kfs max. 16 pF 

Anode to grid No . 1 
Cagl 

14 max. 18 mpF 

Grid No.l to grid No.2 
Cglg2 

3 pF 

Grid No.2 to grid No.3 
Cg2g3 

2.2 pF 

Grid No. 1 to cathode and screen Cgl/ks 4.5 pF 

Anode to grid No . 3 
Cag3 

]. . 2 pF 

Grid No.l to heater Cgl f 20 max . 40 mpF 

Anode to heater Caf 120 mpF 

Cathode and screen to heater Cks/f 7 pF 
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Cam 

CAPACITANCES (continued) 

As triode (Grid No.2 and grid No.3 connected to anode) 

Grid No.l to heater 
I II 

cathode, and 
screen Cgl~kfs 5 max. 6 pF 

Anode, grid No. 2 and grid No. 3 to 
cathode, heater and screen Cag2g3~kfs 7.5 max . 9 pF 

Anode, grid No. 2 and grid No.3 to 
grid No.l Cag~g3~g1 

3.2 max.4 pF 

LIFE 

Production samples are tested to be ~a~ithin the end of life values (column III) 
under the following conditions during 10000 hours. 

Heater voltage Vf 20 V 

Anode supply voltage Vba 225 V 

Grid No.2 supply voltage Vbg~ 155 V 

Grid No.3 voltage 
Vg3_ 

0 V 

Cathode resistor R k 250 S2 

LIMITING VALUES Design centre rating system. 

Anode voltage Vao max. 550 V 

Va max. 300 V 

Anode dissipation Wa max. 4 W 

Grid No.3 voltage Vg3o max. 550 V 

Vg3 max. 300 V 

Grid No.3 dissipation Wg.3 max. 1 W 

Grid No.2 voltage Vg ~o max. 550 V 

Vg,~ max. 300 V 

Grid No.2 dissipation Wg2 max. 1 W 

Dissipation of anode, grid No.2 and grid No.3 
(triode connected) Wa~.g2+g3 max. 5 W 

Grid No.l voltage -Vgl max. 100 V 

Grid No.l dissipation Wgl max. 50 mW 

Cathode: current Ik max. 30 mA 

4 December 1968 



Cam 

LIMITING VALUES (continued) 

Grid No. 1 resistor Rgl max. 0.5 MSt 

Anode dissipation > 1. 5 W 

Grid No.l resistor Rgl max. 3 MS2 

Anode dissipation < 1.5 W 

Voltage between cathode and heater `~kf max. 120 V 

Bulb temperature tbu~ max. 120 ° C 
(Metal envelope) 

Beater voltage: The average heater. voltage should be ZO V . 
Variations of the heater voltage exceeding the range of 19 V to 

21 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 
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;;21 D3a 

S.Q. TUBE 

Special quality pentode designed for use as wide band amplifier 

QUICK REFERENCE DATA 

Life test 

Low interface resistance 

Base 

Heating 

10000 hours 

Noval. Gold plated pins 

Indirect 
A.C. or D.C.; Parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 315 mA 

Anode current Ia 22 mA 

Mutual conductance S 35 mA/V 

Equivalent noise resistance R eq 150 SZ 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

Dimensions in mm 

max22 

4,e.1. 

December 1968 1 



D3a 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 

III Range values for equipment design: End of life 

I II III 

Heater voltage Vf 

Heater current If

6.3 

315 299 331 

V 

mA 

Anode supply voltage Vba 190 V 

Grid No.2 supply voltage Vbg2 160 V 

Grid No.3 voltage Vg3 0 V 

Grid No.l supply voltage +Vogl 10 V 

Cathode resistor R k 400 S2 

Anode current Ia 22 21 - 23 min. 20 mA 

Grid No.2 current Ig2 6.0 5.4 - 6.6 mA 

Internal resistance Ri 120 kS? 

Mutual conductance S 35 30 - 40 min.24.5 mA/V 

Amplification factor 
µg2gl 

80 , 

Negative grid current —Igl max.0.3 max. 1 .0 µA 

Equivalent noise resistance R eq 150 S2 

Input resistance Rgl 1 kSl 

Frequency = 100 MHz 
pin No.l connected to pin No.3 

S 1 
230 y1Hz 

2 TC Cgl(hot) + Ca + 5 pF 

Noise factor F 7 dB 

Frequency = 100 1~IHz 

(Adapted to minimum noise) 

Phase angle of slope ~s 22 ° 

Frequency = 100 MHz 
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D3a 

CHARACTERISTICS (continued) 

As triode (grid No.2 connected to anode) 

Anode supply voltage 

Grid No.3 voltage 

Grid No.l supply voltage 

Cathode resistor 

Anode current 

Mutual conductance 

Amplification factor 

Internal resistance 

Equivalent noise resistance 

I II 

Vba 

Vg3 
+ Vbg 1

Rk 

Ia

S 

µ 

Ri 

R eq 

160 

0 

10 

470 

24 

41 

77 

1.9 

65 

V 

V 

V 

mA 

mA/V 

kS2 

Insulation resistance between 
anode and other electrodes 

Voltage between electrodes = 300 V 

Insulation resistance between 
grid No.l and other electrodes 

Voltage between electrodes = 50 V 

Rins 

R ins 

min. 500 

min . 200 

MS2 

MS2 

Leakage current between cathode 

and heater 

Voltage between cathode and heater 
=100V 

CAPACITANCES 

Without external shield. 

Grid No.l to grid No.2, grid No.3, 
cathode, heater and screen 

Grid No.l to grid No.2, grid No. 3, 
cathode, heater and screen 
Cathode current = 28 mA 

Anode to grid No.2, grid No.3, 
cathode, heater and screen 

I~j 

Cgl/g2g3kfs

Cgi/g2g3kfs

Ca/g2g3kfs 

IU 

~. l 

max. 5 µA 

li 

l.b- 3.-1 

Pr 

pF 
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D3a 

CAPACITANCES (continued) I II 

Anode to grid No.l 
Cagl 

max. 40 mpF 

Anode to cathode Cak max. 50 mpF 

Anode to cathode and grid No.2 Ca/kg2

Anode to cathode, grid No.2 and 
grid No.3 C

a/kg2g3 

0.32 

2.0 

0.28-0.36 

1.7- 2.3 

pF 

pF 

Anode to heater Caf max . 100 mpF 

Grid No.l to cathode 
Cglk 

6.8 6.1- 7.5 pF 

Grid No.l to cathode and grid No.2 Cgl/kg2 9.5 8.5-10.5 pF 

Grid No.l to cathode, grid No.2 
and grid No.3 

Cgl/ kg2g3 
10 9- 11 pF 

With external shield 

Grid No.l to grid No.2, grid No.3, 
cathode, heater and screen 

Cgl/g2g3kfs
10.1 9.1-11.1 pF 

Grid No.l to grid No.2, grid No.3, 
cathode, heater and screen Cgl/g2g3kfs 17.1 pF 

Cathode current = 28 mA 

Anode to grid No.2 > grid No.3, 
cathode, heater and screen Ca/g2g3kfs 3.3 2.9- 3.7 pF 

Anode to grid No.l 
Cagl 

max . 35 mpF 

As triode. Without external shield. 
Grid No.3 connected to cathode 

Grid No.l to grid No.3, cathode, 
heater and screen Cgl /g3kfs ~.3 pF 

Anode and grid No.2 to grid No.3, 
cathode, heater and screen Cag2/g3kfs 3.1 pF 

Anode and grid No.Z to grid No.l 
Cag2/gl 

2.~ pF 

As triode. Without external shield 
Grid No.3 connected to anode 

Grid No.l to cathode, heater 
and screen Cgl/kfs 

Anode, grid No.2 and grid No.3 

6.. pF 

to cathode, heater and screen Cag2g3/kfs 

Anode, grid No.2 and grid No.3 

1.0 pF 

to grid No.l Cag2g3/gl 3.3 pF 
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D3a 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10000 hours. 

LIMITING VALUES (Design centre rating system, if not otherwise specified) 

Anode voltage Vao max. 400 V 

Va max. 220 V 

Anode dissipation Des. centre Wa max. 4.2 W 

Abs. max. Wa max. 4.5 W 

Grid No.2 voltage Vg2o max. 400 V 

Vg2 max. 180 V 

Grid No.2 dissipation Des. centre Wg2 max. 1.0 W 1) 

Abs. max. 

Anode plus grid No.2 dissipation 

Wg2 max. 1.1 W 1) 

(triode connected) 
Wa+g2 max. 4.5 W 

Grid No.l voltage -Vgl max. 30 V 

+Vgl max. 0 V 

cathode current Des. centre Ik max. 30 mA 

Abs. max. Ik max. 33 mA 

Grid resistor (Automatic bias) Rgl max. 0.5 MS2 

Voltage between cathode and heater 

cathode positive Vkf max. 120 V 

cathode negative Vkf max. 60 V 

Bulb temperature Abs. max. tbulb max. 190 °C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V 
to 6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 

1) Care should be taken not to exceed the rated Wg2 values due to switching of 
positive supply voltages. 
If the cathode is shunted by a capacitance > 10 µF a series resistor of mini-
mum 1 kS2 should be inserted in the grid No. i lead. 

December 1968 



D3a 

1 

O 

 `'  
._. 

G 
O 

I 

~' 

~a 

-~ 
Q O 

m 
O O 

N O 

\~
O 

n 
I 

6 December 1968 



D3a 

100 
to

(mA) 

BO 

60 

40 

20 

~~: 

■ 
 

~N■■■~~■ ■  ■■_ VgZ=150V  ' _■■ 
 Vg3 = OV 

„ ,-

w■  _. I~u■.-
'.N■■N■  

 ,Y~ ■■■ 

i 

/~■..-__
 uNr■=o■= 

 r■i~_ 
~~■■rr  

il~~ ~iw  i ii u■ .w■ 
 '1/ ■I I■~/NN/~~/~ 
 V '.1 
 li■'I 

~~  
 q ■11 
 I ■'/I 
 ~ ■ 111 _ - ~~~~. 

 '0111 
 I; I■'III 
 ~ ~ II'I 

■■■ri 
N►- c•. v.~ /% •i - _-

00

100 

Ip 

(m A) 

80 

W 

~/ 

20 

0 

._er 

50 100 150 200 

i ` /iirL■ ■ ~ u ~i~l■■r1.■ ■■r.■:ff.::~' ■ J:: 
 'nr■r.■■■..■■.■■■ n u 

 f.■■■L■■■I. 'I ,■ 
 U■■■~I 

250 300 Vo (V)350 

920148. 4 1 

II■■■~I 

■■■■'~ un.n■uun. 
I.■■■I 

I 

II 
I■ 

r~ 
 'N■■/• 

■■■■■■■■■■■■■■■~'\■■■~1■■■'I ■■■'Ir■r~1■■■I 
 .\ I 

1 

 uor.■n■~ 'I■/■U//■R~//~./■■■'I 
I.■■■I. 

'I■■■►i 'I■■■~I■ 

I 

I.■■■171■■I. 
~ I.■■■/I 

►. 
I ■■■Ii 

I■■■11: 

I■■ 
 I.■■■'I ~ 'I■■■'I■■■1. ~/ 

I.■■■' .I■■■~) 
I~ 

 L■■■L■■ 
~~~Ir ~ 'i 

q1■■■L■■■.■ 

I 

■N' ~ '/ G■■■ i 
Ii■■■'I 
~~~ _  'I  i I •    _~ 

~~[~■■i 

i■■I.~■■■■\  ; ~. ~. 

■~ i■■~ ~ I  '/■P:/~~ Nei/~.Avit/~~~~!~ 

0 50 100 150 200 2so 300 Va (V) 350 

Vg1
OV 

-0.25V 

-O.SV 

-0.75V 

—iV 

—i.ZSV 

—1.SV 

-1.75V 
-2V 

December 1968 ii 7 



D3a 

100 ~Zo~~ao-4r~

ao 

60 

40 

20 

l0 50 
Vo =150V 

L~ 

Io

f0 20 Fo (mA) .?0 

  S 
 (mA/V) 

B 40 

s 30 

4 20 

2 f0 

0 0 

8 December 196$ 



OBSOLESCENT TYPE DL68 

POWER PENTt)DE 

Pentode intended for use as power amplifier. 

QUICK REFERENCE DATA 

Life test 500 hours 

Base Subminiature 

Heating Direct 
Battery supply 

Heater voltage 

Heater current 

Vf

If

1.25 V 

25 mA 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

red 
dot 

max61 ~~~ 

0.375 

Dimensions in mm 

~„—max8.5 
~,i,   4 

m ~~ 
mm 

N x x 

o a~ 4 
E 

4 ~fM ~, ~ 
c ~~ 
~s 
~zo~aaz 

Leads should not be soldered nearer than 5 mm to the seal 
Leads should not be bent nearer than 1.5 mm to the seal. 
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DL68 

CHARACTERISTICS 

Anode voltage Va 22.5 V 

Grid No.2 voltage Vg2 22.5 V 

Anode current Ia 600 µA 

Grid No.2 current Ig2 150 µA 

Grid No.l voltage -Vgl 2.2 V 

Mutual conductance S 430 µA/V 

Internal resistance R i 100 kS2 

Amplification factor µg2g1 5 

CAPACITANCE 

Anode to grid No.l 
Cagl 

max. 0.15 pF 

LIMITING VALUES (Design centre rating system) 

Anode voltage Va max. 45 V 

Grid No.2 voltage Vg2 max. 45 V 

Anode dissipation Wa max. 100 mW 

Grid No.2 dissipation Wg~ max. 25 mW 

Cathode current Ik max. 2.3 mA 

OPERATING CHARACTERISTICS 

As class A amplifier (one tube) 

Anode voltage Va 22.5 V 

Grid No. 'L voltage Vg2 22.5 V 

Grid No.l voltage -Vgl 2.2 V 

Anode resistance Ra ~ 37.5 kS2 

Anode current (Vi =zero) Ia 600 µA 

Grid No.l current (Vi =zero) Ig2 150 µA 

Input voltage Vi 1.3 VRMS 

Output power Wo 5 mW 

Distortion d 10 ~, 

2 OSSOLESCENT TYPE December 1968 



S.4?. INDICATOR TUBE 

DM16C 

High -input impedance, special -quality indicator tube for indication of the output lev-

el of flip flops in computer circuits etc. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Mechanical quality Shock and vibration resistant 

Base Subminiature 

Heating Direct 

Filament voltage 

Filament current 

"On" -"off" control voltage 

A.C. or D.C.; parallel supply 

Vf 1.0 V 

If 30 mA 

~ V min. 1.4 V 

DIMENSIONS AND CONNECTIONS 

!sector of light 
output 

7203864 

max 5,5 

0.4~2~ 

Dimensions in mm 

l` 

of 
M 
.c 
E 

7203729 

Connections should not be soldered nearer than 5 mm from the seal. 

Leads should not be bent nearer than 1. 5 mm from the seal. 

1) Length of the light bar. 

2 ) Leads without letter indication are cut at the outer surface of the seal. 
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DM160 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

Filament voltage 

Filament current 

Anode voltage 

Grid resistor 

Grid supply voltage 1) 
(maximum light output) 

Anode current 

Zero light output is ensured 
when grid supply voltage 1) 2) 

is below 

Anode current 

at Vbg = -3 V 2) 

Insulation resistance 
between two electrodes 
Voltage between two 

electrodes = 50 V 

SHOCK RESISTANCE 

I II III 

Vf 1.0 V 

If 30 24-36 mA 

Va 50 V 

Rg 100 kS2 

Vbg 0 V 

Ia 585 430-740 min. 250 µA 

Vbg -3 -3 -3 V 

Ia max. ~ max. 5 µA 

Rins min.100 MS2 

The tube has been subjected 5 timesin each of 4positions to an acceleration of 50U g 
in an NRL shock machine with the hammer lifted over an angle of 300. 
These test conditions should not be considered as normal operating conditions. 

LIFE 

Production samples are checked for the end of life values (column III) under the 
following conditions during 10 000 hours: 

Filament voltage Vf 1.0 VRMS 

Anode voltage Va 50 V 

Grid supply voltage Vb 
g 

0 V 1) 

Grid resistor Rg 100 kS2 

1) Voltage with respect to the midtap of the filament transformer. 
2) The residual electron current may be concentrated on one spot which then may be 

visible in dark surroundings. This effect cannot be mistaken for the indicator 
being in the "on" condition. 
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DM16Q 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage 

Anode current 

Grid supply voltage, Rg = 100 k52 ±10/0

Rg = 1 MSl±lOjo 

Grid voltage 

Grid resistor 

Vao max. 100 V 

Va max. 65 V 

Ia max. 850 µA 

Vb max. 0 V 
g 

Vbg max. 6 V 

-Vg max. 50 V 

max. 1.1 MS2 
Rg 

min. 0.09 MS2 

Filament voltage: The average filament voltage should be 1.0 V. 
Variations exceeding 0 or - 10 ~ from nominal will shorten tube 
life. 

APPLICATION NOTE 

The visibility of the phosphorescent light produced by the anode when the indicator 
tube is "on" depends on the grid voltage prevailing in that condition and the illumi-

nation level of the surroundings. With Vg = -3 V for zero light output ("off" condi-
tion of the tube), the visibility is best when OV = 3 V (OV is the difference between 
the "high" and "lo~v" voltages of the flip-flop) but an unambiguous indication is still 

obtained at OV = 1.4 V under nominal conditions and a low level of ambient light. 

With still smaller values of drive voltage apre-amplifier is required. 
Figs.l and2 show typical arrangements for negative and positive logic, respectively. 

Fig.l Digital read-out circuit with DM160 connected to negative logic circuit which 
uses flip-flops equipped with p-n-p transistors. This circuit can be used for 
all types of flip-flops with p-n-p transistors with the "high" level near zero 
volt and a "low" level below-3 volt. 

January 1970 3 



DM1~0 

Rg=1M,f1 
DM160~  o+ 

N 

7209D91.1 

Fig.2 Digital read-out circuit with DM160 connected to positive logic circuit which 
usesa type of flip-flops equipped withn-p-n transistors and ofwhich the"high" 
output level maybe above +7.5 V and the "low" level near 0 V. Rg protects the 
tube against too large anode currents and too large positive grid currents when 
the grid supply voltage exceeds the cathode potentional. 

When the minimum of D V lies below 3 V the spread in the "high" level of the flip-
flop will give rise to an extra spread in the brightness of the phosphorescent light. 
When undesirable this spread may be reduced by clamping the grid voltage, see 
Fig.3. 

Fig.3 As Fig.2; but for a type of flip-flop with a "high" voltage level between +2.0 V 
and +7.0 V and "low" level between 0 V and ~-0.5 V; with clamping of the grid 
voltage. 
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6370 E1T 

S.Q. TUBE 

Special quality decade counter tube. 

QUICK REFERENCE DATA 

Life test 

Base 

Heating 

Heater voltage 

Heater current 

10 000 hours 

Duodecal(12 pins) 

Indirect 

A.C. or D.C.; 
Series or parallel supply 

Vf

If

6.3 V 

300 mA 

DIMENSIONS AND CONNECTIONS 

Base: Duodecal 

D 

93.95.k 

9t 

f r  i.c. 

13°±5° 

a~ 

D 

92 

Dimensions in mm 

APPLICATION DIRECTIONS 

Mounting 

Any mounting position, except horizontal with screen down, is permitted. 

Sensitivity to magnetic fields 

To prevent interference by magnetic fields the flux density of these fields should 
not exceed 2x10_4 Wb/m2 (= 2 Gauss) in any direction. 
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E1T 

APPLICATION DIRECTIONS 

Ambient illumination 

To obtain a Clair reading the ambient illumination should range from 40-400 lux 
measured with an illumination-meter placed in vertical position. This illumi-
nation range incorporates the best compromise between the visibility of thefig-
ures of the mask and the luminescent picture. 

CHARACTERISTICS 

Heater voltage Vf 6.3 V 

Heater current If 300 mA 

CAPACITANCES 

Anode No.2 to all other electrodes Ca2~R 10.5 pF 

Deflection plate to all other electrodes CDR 3.5 pF 

Deflection plate to all other electrodes CD~~ R 3.8 pF 

Anode No.l to all other electrodes Ca1~R 4.9 pF 

Grid No.l to all other electrodes CgI~R 6.8 pF 

Grid No.4 to all other electrodes Cg4~R 7.7 pF 

OPERATING CHARACTERISTICS 

Column I Nominal value 
II Permitted values of spread and variation 

I II 

Supply voltage Vb 300 V 

Grid No.l supply voltage Vbgl 11.9 ± 0.15 V 

Grid No.2 supply voltage Vbg2 300 V 

Deflection plate supply voltage VD 156 ± 1.5 V 

Luminescent screen voltage V~ 300 V 

Cathode current Ik 0.95 mA 

Grid No.2 current Ig2 0.1 mA 

Cathode resistor Rk 15 ± 1~ kS2 

Grid No.4 resistor Rg4 47 ± 5~ kS2 

Anode No.l resistor Ral 39 ±10% kS2 

Anode No.2 resistor Rat 1 ± 1~ MS2 
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E1T 

OPERATING CHARACTERISTICS (continued) 

Note 

The tube should be used in the circuit of fig.2. 
Provided the ratio of the supply voltages Vbgl and VD is strictly maintained the 

supply voltage Vb is allowed to vary within the range of Vb nom. +10°/0. 

This condition can be realised by using a voltage divider R1, R2 > R3 with 1°Jo

precision resistors as indicated in the diagram fig.2. 

A max. counting speed of 30000 count/s can be obtained with this circuit. 

The input pulse at D should have a positive value of 13.6 V +15/0 . The slope of 
the leading edge should be at least 20 x 106 V/s. The slope of the trailing edge 
should not exceed 1.2 x 106 V/s. 

Fig.l 

tan a > 20 x 106 V/s 
tan (3 < 1 .2 x 10.6 V/ s 

~°""~~ 
C~ 

R 

E1T 

3 

 o +Vb=300V 

December 1968 3 



E1T 

R 1 68 kS2 ± 1 ~o R10 0.56 MS2 ±10~ cl 1) 

R2 68 kSt ± l~o R 11 5.6 kS2 ±10% C2 0.39 µF ±20~ 
R 3 5.6 kS2 ± 1 °Jo R12 39 kSl ± 2~ C3 0.15 µF ±20~ 
R 4 15 kSl ± 2°Jo Rlg 4.7 kSt ± 2~ C4 6800 pF ±10°Jo
R5 39 kS2 ±10°Jo R 14 2.7 kSZ ± 2~ C5 220 pF ±10°Jo
R6 15 kSl ± 1°Jo R15 1 kSt ± 1~ C6 68 pF ± 2~ 
R7 0.33 MS2 ±10°Jo R 16 3.3 kS2 t 2°Jo C7 680 pF ± 5~ 
Rg 47 kS2 ± 5~ R17 0.15 MS2± 2~ Cg 68 pF ± 2% 
Rg 1 MS2 ± 1~ 

1. Connected to the preceeding E90CC pulse shaper (C1 = 6800pF ±10%) or the 
preceeding E90CC interstage pulse shaper (C1 = 680 pF ±5%). 

2. Connected to deflection plate D of next counter tube. 

3. This parasitic capacitance should be reduced to the minimum by keeping the 
wiring as short as possible. 

LIMITING VALUE of supply voltage Vb (See operating characteristics): 
Vb =max. 400 V 
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8233 E55L 

S.Q. TUBE 

Special quality pentode designed for use as wide band output tube. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Magnoval. Gold plated pins 

Heating Indirect 
A.C. or D.C.; Parallel supply 

Heater voltage Vf 6.3 V±S~o

Heater current If 600 mA 

Anode current Ia 50 mA 

Mutual conductance S 45 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Magnoval 

Dimensions in mm 

max30.2 
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E55L 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

Heater voltage 

Heater current 

I II III 

Vf

If

6.3~ 

600 

V 

mA 

Anode voltage Va 125 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 125 V 

Grid No.l voltage -Vgl 3 V 

Anode current Ia 50 mA 

Grid No.2 current Ig2 5.5 mA 

Mutual conductance S 45 mA/V 

Internal resistance Ri 20 kS2 

Amplification factor 
µg2g1 

30 

Input resistance 
Rgl 

1 kS2 

Frequency = 50 MHz 

Anode supply voltage Vba 140 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 supply voltage Vbg2 140 V 

Grid No.l supply voltage +Vo
gl

12 V 

Cathode resistor R k 270 S2 

Anode current Ia 50 48 - 52 mA 

Grid No.2 current Ig2 5.5 4.5 -6.5 mA 

Grid No.l to cathode voltage 
-Vglk 

3.0 2.3-3.7 1.8 V 

OS = 
Mutual conductance S 45 38 - 52 

max. 25% 
mA/ V 

Negative grid current -Ig 2 µA 
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E55L 

CHARACTERISTICS (continued) 

As triode (grid No.2 connected to anode) 

Anode voltage 

Grid No.l voltage 

Anode current 

Mutual conductance 

Internal resistance 

Amplification factor 

CAPACITANCES 

I 

Va

-Vgl

Ia

S 

Ri

µ 

125 V 

3 V 

55.5 mA 

50 mA/ V 

600 SZ 

30 

Pentode connected I II I ~ II 

Anode to grid No.3, 
grid No.2, cathode 
and heater Ca/g3g2kf 

With shield Without shield 

6.5 5.8- 7.2 4.0 3.6- 4. -1 pF 

Grid No~. l to grid No.3, 
grid No.2, cathode 
and heater Cgl /g3g2kf 18 15- 21 18 15- 20 pF 

Grid No.l to grid No.3, 
grid No.2, cathode 
and heater Cgl/g3g2kr 28 2b pF 
Cathode current 

Ik=55.5mA 

Anode to grid No.l 
Cagl 

80 max. 120 110 max. 150 mpF 

Triode connected (grid No.2 connected to anode) 

Anode to grid No.3, 
cathode and heater Ca/g3kf 10.5 9.4-11.6 7.8 7.0- 8.6 pF 

Grid No.l to grid No.3, 
cathode and heater Cgl/g3kf 11.8 10-13.6 11.8 10-13.6 pF 

Anode to grid No.l C
agl

6.2 5.5- 6.9 6.3 5.6- 7.0 pF 

Cathode to heater C~ 6.0 6.0 pF 
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E55L 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage V
ao

max . 400 V 

Va max . 200 V 

Anode dissipation Wa max . 10 W 

Grid No.2 voltage V
g2o 

max . 350 V 

Vg2 
max. 175 V 

Grid No.2 dissipation Wg2 max. 1.5 W 

Grid No.l voltage, negative —Vgl max. 55 V 

positive Vgl max. 0 V 

Cathode current Ik max. 75 mA 

Grid No.l resistor Rgl max. 125 kSl 

Voltage between cathode and heater Vkf max. 200 V 

Bulb temperature tbulb max . 180 0C 

In applications where a long life is not required, Ik max. can be increased to 
100 mA and tbulb max. to 220 0C 
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E55L 

OPERATING CONDITIONS 

Anode supply voltage Vba 140 V 

Grid No.2 supply voltage Vbg2 140 V 

Grid No.3 voltage Vg3 0 V 

Grid No.l supply voltage +Vogl 12 V 

Cathode resistor R k 270 SZ 

Anode current Ia 50 mA 

Grid No.2 current Ig2 5.5 mA 

Mutual conductance S 45 mA/ V 
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boss E80CC 

S.Q. TUBE 

Special quality double triode designed for use as A.F. and D.C. amplifier. 

Life test 

Mechanical quality 

Base 

Heating 

Heater voltage 

Heater current 

Anode voltage 

Grid voltage 

Mutual conductance 

QUICK REFERENCE DATA 

10 000 hours 

Low interface resistance after 

long periods of operation under 

cut-off conditions 

Shock and vibration resistant 

Noval. Gold plated pins 

Indirect 

A.C. or D.C. 

Series or parallel supply 

Vf 12.6 6.3 V 

i f 0.3 0.6 A 

Va 250 V 

Vg -5.5 V 

S 2.7 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

]Z03950 

V, 

Dimensions in mm 

0.O1~eF ~~ 0.O1~eF 

'lZ03951 
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E8ACC 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 

III Range values for equipment design: End of life 

I II III 

Heater voltage Vf 

Heater current If

12.6 

300 285 - 315 

~' 

m:1 

Anode voltage Va 250 V 

Cathode resistor Rk 920 S2 

Anode current Ia 6.0 5.4 - 6.6 min. 4.3 mA 

Transconductance S 2.7 2.2 - 3.2 min. 1 .8 mA/V 

Amplification factor µ 27 

Internal resistance Ri 10 min. 7 kS2 

Negative grid current -Ig max.0.5 max.l .0 µA 

Difference in anode current 
max.3.0 mA of two sections IIa -Ia ~l 

Anode voltage Va 250 V 

\egative grid voltage -Vg 5.5 V 

Cut-off voltage -Vg 17 V 

Anode voltage Va 250 V 

Anode resistor Ra 1 MS2 

Anode current Ia max. 15 µA 

Hum voltage Vg max. 75 µVRMS 

Grid resistor Rg = 0.5 MS2 

Leakage current between 
max. 12 µA cathode and heater I~; 

Voltage between cathode and 

heater Vkf = 120 V 

Cathode heating time 16 max. 23 sec 

Cathode cooling time min. 13 sec 
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E80CC 

CAPACITANCES 

Anode to cathode and heater 

Grid to cathode and heater 

Anode to grid 

Grid to heater 

Cathode to heater 

Anode to cathode and heater 

Grid to cathode and heater 

Anode to grid 

Grid to heater 

Cathode to heater 

Anode to anode other section 

Grid to grid other section 

Anode to grid other section 

Grid to anode other section 

External screen Without external 
screen 

I II I II 

Ca/kf 3.5 2.8 - 4.2 0.45 pF 

Cg/kf 2.6 1 .9 - 3.3 2.4 pF 

Cag 3.0 2.4 - 3.6 3.1 pF 

Cgf max.0.23 max.0.23 pF 

Ckf 4.8 4.8 pF 

Ca'/k'f 3.0 2.3 - 3.7 0.55 pF 

Cg`/k'f 2.6 1.9 - 3.3 2.4 pF 

Ca'g' 3.0 2.4 - 3.6 3.0 pF 

Cg'f max.0.23 max.0.23 pF 

Ck~f 4.8 4.8 pF 

Caa~ 1.3 0.9 - 1.7 1.45 pF 

Cgg~ max . 13 max . 13 mp 

Cagy max. 0.1 max. 0.1 pF 

Cga ~ max. 65 max. 65 mp 

SHOCK AND VIBRATION RESISTANCE 

F 

The following test conditions are applied to assess the mechanical quality of the 

tube .These conditions are not intended to be used as normal operating conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 

supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-

quency of 50 Hz with an acceleration of 2.5 g. 
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E80CC 

LIFE 

Production samples are tested to be within the end of Life values (column III) 
under the following conditions during 10000 hours. 

Heater voltage Vf 6.3 V 

Anode voltage Va 250 V 

Cathode resistor R k 920 S2 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao 

Anode dissipation 

Cathode current 

Cathode current peak value 

Grid current peak value max. 30 mA 

Duty factor max. 0.005 

Pulse duration max. 10 µs 

Va

Wa 

Ik

IkP 

max . 

max . 

max . 

rnax . 

max . 

600 V 

300 V 

2 W 

12 mA 

150 mA 

Cathode current peak value Ikp max. 30 mA 

Grid current peak value max. 2 mA 

Duty factor max. 0.2 

Pulse duration max. 400 µs 

Grid voltage -Vg max. 

Grid current, average value Ig max. 

peak value Igp max. 

Voltage between cathode and heater Vkf max. 

Bulb temperature tbulb max. 

Grid resistor (automatic bias) Rg max. 

Grid resistor (fixed bias) Rg max, 

Heater voltage. The average heater voltage should be 6.3 V or 12.6 V. 
Variations of the 
6.6.Vor12.Oto 
The tolerance of 
account. 

200 V 

0.3 mA 

30 mA 

120 V 

170 ° C 

1 MS2 

0.5 MSt 

heater voltage exceeding the range of 6.0 V to 
13.2 V will shorten the tube life. 
heater current (column II) should be taken into 
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E80CC 

OPERATING CHARACTERISTICS 

Resistance coupled A.F. amplifier. Fig.l page 1 

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 47 47 47- 47 47 kSl 

Cathode resistor Rk 1.2 1.2 1.2 1.2 1.2 kS2 

Grid resistor Rg~ 0.15 0.15 0.15 0.15 0.15 MS2 

Anode current Ia 1.86 2.45 3.15 3.80 4.40 mA 

Voltage gain Vo/ Vi 18.5 18.5 18.5 18.5 18.5 

Output voltage at +Ig = 0.3µA Vo 20 30 40 50 60 VRMS 

Total distortion 1) dtot 3.3 3.8 4.0 4.1 4.2 ~/o

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 100 100 100 100 100 kS2 

Cathode resistor Rk 2.2 2.2 2.2 2.2 2.2 kS2 

Grid resistor Rg' 0.33 0.33 0.33 0.33 0.33 MS2 

Anode current Ia 1.00 1.30 1.65 1.95 2.30 mA 

Voltage gain Vo/Vi 20 20 20 20 20 

Output voltage at +Ig = 0.3µA Vo 22 32 42 52 63 VRMS 

Total distortion 1) dtot 3.1 3.4 3.5 3.6 3.7 °Jo

Anode supply voltage Vb 
a 

200 250 300 350 400 V 

Anode resistor Ra 220 220 220 220 220 kSl 

Cathode resistor Rk 3.9 3.9 3.9 3.9 3.9 kS2 

Grid resistor Rg~ 0.68 0.68 0.68 0.68 0.68 MS2 

Anode current Ia 0.52 0.67 0.83 0.99 1.15 mA 

Voltage gain Vo/Vi 21 21 21 21 21 

Output voltage at +Ig = 0.3µA Vo 19 29 38 47 58 VRMS 

Total distortion 1) dtot 2.3 2.6 3.0 3.1 3.2 °Jo

1) At lower output voltages the distortion is proportionally lower. 
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7643 E80CF 

S.Q. TUBE 

Special quality triode-pentode 
The pentode section is designed for use as mixer and R.F. or A.F. amplifier. 
The triode section is designed for use as oscillator (max. freq. 300 MHz) mul-
tivibrator or blocking oscillator. 

QUICK REFEREA'CE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval. Gold plated pins 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 330 mA 

Pentode: Anode current Ia 10 mA 

Mutual conductance S 6.2 mA/V 

Amplification factor µ 40 

Triode: Anode current Ia 14 mA 

Mutual conductance S 5 mA/V 

Amplification factor µ 18 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

Dimensions in mm 
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E80CF 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

330 313 - 347 

V 

mA 

Pentode section 

Anode supply voltage Vba 170 \' 

Grid No.2 supply voltage Vbg2 170 V 

Cathode resistor R k 155 S2 

Anode current Ia 10 7.5 - 12.5 min. 6 mA 

Grid No.2 current Ig2 2.8 1.55 -4.05 mA 

Mutual conductance S 6.2 5.2 - 7.2 min. 4.3 mA/V 

Amplification factor 
grid No.2to grid No.l 

µg2gl 
40 

Internal resistance Ri 0.4 min. 0.26 MSZ 

Negative grid No. 1 current -Igl max. 0.5 max. 1.0 µA 

Triode section 

Anode supply voltage Vba 100 V 

Cathode resistor Rk 120 52 

Anode current Ia 14 10 - 18 min. 8.4 mA 

Mutual conductance S 5.0 4 - 6 min. 3.5 mA/V 

Amplification factor µ 18 

Negative grid current -IS max. 0.5 max. 1.0 uA 
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E80CF 

CAPACITANCES Without external shield 

Pentode I II 

Grid No.l to grid No.2, grid No.3 
cathode, heater and screen 

Cgl/g2g3kfs 
5.6 5.2 - 6 pF 

Anode to grid No.2, grid No.3 

cathode, heater and screen C
a/g2g3~s 

3.4 3 -3.8 pF 

Anode to grid No.l C
agl

max. 25 mpF 

Grid No.l to heater Cglf max.0.16 pF 

Triode 

Grid to cathode (triode), cathode (pentode) 
grid No.3, heater and screen Cg/kTkpg3fs 2.5 2.2 -2.8 pF 

Anode to cathode (triode), cathode (pentode) 
grid No.3, heater and screen Ca/k.I.kPg3fs 1.5 1.2 - 1.8 pF 

Anode to grid 
Cag 

1.5 1.2 - 1.8 pF 

Grid to heater Cgf max.0.22 pF 

Pentode to triode 

Anode (pentode) to anode (triode) CaP-aT max.0.07 pF 

Anode (pentode) to grid (triode) CaP-gT max.0.02 pF 

Grid No.l (pernode) to anode (triode) Cg1P-aT max.0.16 i3F 

MICROPHONY 

The pentode section can be used without special precautions against microphony 
in circuits where an input voltage of more than 50 mV is required for an output 
of 50 mW . 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating con-
ditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 
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E80CF 

LIFE 

Production samples are tested to be within the end of life values (column IlI) 
under the following conditions during 10000 hours. 

Pentode section 

Vba = 170 V 

Vbg2 
= 170 V 

R k = 155 S2 

Triode section 

Vba = 100 V 

R k = 120 Sl 

LIMITING VALUES (Absolute max. rating system) 

Pentode section 

Anode voltage Vao max. 550 V 

Va max. 275 V 

Anode dissipation Wa max. 2.15 W 

Grid No.2 voltage Vg2o max. 550 V 

Grid No.2 voltage: 

Cathode current > 10 mA Vg2 max. 200 V 

Cathode current < 10 mA Vg2 max. 225 V 

Grid No.2 dissipation: 

Anode dissipation > 1.2 W Wg2 max. 0.7 W 

Anode dissipation < 1.2 W Wg2 max. 0.8 W 

Urid No.l dissipation Wgl max. 0.1 W 

Negative grid No.l voltage -Vgl max. 100 V 

Cathode current Ik max. 18 mA 

Voltage between cathode and heater Vkf max. 100 V 

Grid resistor (fixed bias) Rgl max. 0.5 MSZ 
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E80CF 

LIMITING VALUES (Absolute max. rating system) (continued) 

Triode section 

Anode voltage 
Vao
Va

max. 
max. 

550 
275 

V 
V 

Anode dissipation Wa max. 1.75 W 

Grid dissipation Wg max. 0.1 W 

Grid, voltage, peak value Vgp max. 30 V 

Duty factor max. 0.04 

Pulse duration max. 0.8 ms 

Grid voltage -Vg max. 100 V 

Cathode current Ik max. 18 mA 

Cathode current peak value Ikp max. 100 mA 

Duty factor max. 0.04 

Pulse duration max. 0.8 ms 

Voltage between cathode and heater Vkf max. 100 V 

Grid resistor (fixed bias) Rg max. 0.5 MS2 

Bulb temperature tbulb max. 170 ° C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variation of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 
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OPERATING CHARACTERISTICS 

Pentode section as R.F. amplifier 

Anode supply voltage Vba 170 V 

Grid No.2 supply voltage Vbg2 170 V 

Cathode resistor Rk 155 S2 

Anode current Ia 10 mA 

Grid No.2 current Ig2 2.8 mA 

Mutual conductance S 6.2 mA/V 

Amplification factor 
~o,rid No.2 to grid No.l 

µg2g1 
40 

Internal resistance Ri 0.4 NISI 

Input resistance at 50 MHz rgl 10 k52 

Equivalent noise resistance Req 1.5 kSl 

Pentode section as mixer 

Anode supply voltage Vba 170 V 

Grid No.2 supply voltage Vbg2 170 V 

Grid No.l resistor Rgl 0.1 Ng2 

Cathode resistor Rk 330 S2 

Oscillator voltage Vosc 3.5 VR~ 

Anode current Ia 8 mA 

Grid No.2 current Ig2 2.5 mA 

Grid No.l current Igl 12 µA 

Conversion conductance Sc 2.4 mA/V 

Internal resistance R i 0.5 MS2 

Triode as oscillator 

Operation in Colpitts circuit is recommended. 

Operation in Hartley circuit is not recommended. 

6 December 1968 



E80CF 

25 

A~ 

2a 

15 

u91=oV_ 

~1
~' 
~i 
~~~ 
~ 

~'.

~ ~~ ~rra.m:z=mom++.+.~ ~~ 2.5V 
___ ~ i _=  _r  --  -- ~._ _ ~~ 

r '~ '~ _ i   i 35V 

'203938-5. h.~. 3.6 

~rrr~~~ 
~i~ 

~__::_: 

i
t
'Ia 

 "I92 
V92=170V 
: 1 

—1V 

~ 1.5V ~ ~i 

—2V 

0 
0 

Io 
(mA) 

30 

20 

1= 

:_ 

50 / 100 
-4V 

150 200 250 300 Va (V) 350 

7203936-Sh j.3.6 

10 

0 

Triode 
,~ 

t  +oJ~ I fi ~ L 
  ii — .~ _+~J ~J 

 JA ~ / __—/ 
O~j  / ~i " ~  -.I~ 
 s~~ ~~ 

■■►  
i~ii~ 

  _i.~  ~ 
  —12V 

~ ~~~' .~~~ .. ~_.~ 1. . 
_, ~/r_,_J_  ~-- _~_ 

50 100 150 200 Vo (V) 250 

0 

/h'— V~~~ 
/~J 

~7~ 
K 

—BV 

—9V 

0 

—fOV 

—14 V 

—16V 

December 1968 7 



E80CF 

t 

T 
rn
0 

~ NQ Oi 

n cow 
Eti°i E~ j. 

- t -- t . 
~__~_~ 

M N 
t 

I 
r 

- t 

+cn 

N~~ 
O 

U ~ 
d O 

r 

~o 

~o 
O 

--r1 

,N '

.his 

~~w 
~~~~ 

  ~ ~--  » — ~ ~  ~~~n~~ 

o — 

+- _t __ + 
T 

I~-

V 

v 
O 

~~

N 

N 
O 

■ 

i ■ 

0 0 
N 

a 

~o 

Q 

ti

v 

N 

a~ 

O ~ 

Q 

~O 

o~ 

8 December 1968 



E80CF 

v 

C 

s 
U 

O 

N 

0 

■■q■■■~ ~ ~ ~~1 
■q■■q ~ Q 

~~~~~ ~ N~ 

p~~ I 
■■qq■ 

r

■■q■ 

b 

G 

N 

i N~: 

,~ 
._ t

\gall qq■■■

■`~!~ ~~■ i~~. ~~ ~■ 
t 

~qq■■q 

_ N

■■q 
1 ~ ■■, ' + ~ ■■ 

~■ , ~~■  ~ 
qq 

, , _ ■q■■ ■ ■■— 

_ 
~j 

~~~~~~N N~~ q■ N~ ~~~ 

o E p ~~ 

■■ uVj 
>o 

~o 

U 

O 

tiN°' Q 
~o 

o IM11 
'p : ■■ 

q

t 

9 £'~'4'S - Lf6£OZL 

December 1968 9 



E80CF 

7203940-5 h.j36 

14 

S 12 

(mA/v) 
R; 

(k.(Z) 
-u 
(V) 

':In.. 
..N~ 1111• 

N.N 

Y  A
  Triode 

Vo=l00V 

a. 

NI~M   ..NNW~.NN. 
N~ N..... 

uiiii~wi   ......__~_   . 
1:1ll:alll.... ~C uM ___ 
IlClluwmll Illlluul ~~ 
1111 luulluul nllluu! 
.N...NNN.N.NNN...NN..NN 
.... \..N.N.N.NNN.........~ 
N..1I.N.....Nq.NN.N......NN~~NN ~N 
....U.......NIuY1.~.p1.~11.NN11.N i~i~~.~i~niiie~nni~iin~unin~_. 
111111111111111111111~~::.:NlI~NI ~ _..... .\~  

N.!'~N~~~ N..N........N.~~ 

11►7111r•::11i111111u1u~11u1nN.ii 
....\.~i~..~..NNN....NN. 

iN~lll►ii111lIi:~INlli~!ii'NmN.~.N.N.u_ ~ iwl• _.' R,

 tl .N~B 

Illlllllllllh!ilullWlu 
11111111111I:IIi. ~11uNluu~ 

NA~N...NN. 
N......N.%.~.N

N.
.

N
N~N 

NN.~ 
...N.~ ~~III.N.NN~ ► N.N...N~N 

.NON ~ ~ n:~. ~~ N~~ 

NIIIIIIII ~ IIIulllu~ui~1®~ ~iii~n~n~uivaNu~iti~nu~mii~~ 

35 

30 

25 

20 

15 

)0 

0 
10 15 20 I a (mA) 25 

10 December 1968 



bobs E80F 

S.G. TUBE 

Special quality pentode designed for use as amplifier. 

QUICK REFERENCE DATA 

Life test 10 000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval. Gold. plated pins 

Heating Indirect 
A.C. or D.C. 
Series or parallel supply 

Heater voltage 

Heater current 

Anode current 

Mutual conductance 

Equivalent noise resistance (A.F.) 

Hum voltage 

Vf 

If

Ia

S 

R eq 

Vgl 

6.3 V 

300 mA 

3 mA 

1.85 mA/V 

40 kS2 

max. 5 µVR ~ 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

Dimensions in mm 
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E80F 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage V f 

Heater current If 

6.3 

300 285- 315 

~' 

mA 

Anode voltage Va 250 V 

Grid.No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 100 V 

Cathode resistor Rk 550 Sl 

Anode current Ia 3 2.5- 3.5 min. 2.0 mA 

Grid No.2 current Ig2 0.65 0.45-0.85 i~.~n.0.35 mA 

Mutual conductance S 1.85 1.5- 2.2 min. 1.2 mA/V 

Internal resistance Ri 1.5 min. 1.0 MSZ 

Amplification factor 
grid No.2 to grid No.l 

µg2g1 
25 

Equivalent noise resistance R eq max. 40 I:S2 

Frequency 0-10 kHz 

Grid No.l resistor Rgl = 0 S2 

Negative grid No.l current -Igl max. 0.1 max. 0.2 µA 

Cut off voltage -Vgl 7.5 V 

Anode voltage Va 250 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 100 V 

Anode current Ia max. 20 µA 

Hum voltage Vgl max. 5 µ~'RMS 
Grid resistor Rgl = 1 MS2 

Cathode resistor bypassed 

Leakage current between 
max. 12 µP, cathode and heater 

Voltage between cathode and 
heater Vk{ = 120 V 
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E80F 

CAPACITANCES With external shield 

I II 

Anode to grid No.2, grid No.3, 
cathode and heater Ca/g2g3kf 7.3 6.8-7.8 pF 

Grid No.l to grid No.2, grid No.3, 
cathode and heater Cgl /g2g3kf 5.0 4.5-5.5 pF 

Anode to grid No.l 
Cagl 

max. 25 mpF 

Grid No.l to heater Cglf max. 2 mpF 

Cathode to heater Ckf 3.7 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating con-
ditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30° . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 10000 hours. 

Anode voltage Va 250 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 100 V 

Cathode resistor R k 550 S2 
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E80F 

LIMITING VALUES (Absolute max. rating system) 

Vao max. 600 V 
Anode voltage 

Va max. 300 V 

Anode dissipation Wa max. 1.3 W 

Grid No.2 voltage 
Vg2o max. 600 V 
Vg2 max. 200 V 

Grid No.2 dissipation Wg2 max. 0.4 W 

Negative grid No.3 voltage -Vg3 max. 100 V 

Negative grid No.l voltage -Vgl max. 100 V 

Cathode current Ik max. 9 mA 

Voltage between cathode and heater 

Cathode positive Vkf (k pos) max. 120 V 

Cathode negative Vkf (k neg) max. 60 V 

Grid No.l resistor Rgl See curve on page G 

Bulb temperature max. 170 ° C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of heater current (columnII) should be taken into 
account . 

December 1968 



E80F 

OPERATING CHARACTERISTICS 

Resistance coupled A.F. amplifier 

Anode supply voltage Vba 100 200 250 300 400 V 

Grid No.2 supply voltage Vbg2 100 200 250 300 400 V 

Anode resistor Ra 0.22 0.22 0.22 0.22 0.22 MS2 

Grid No.2 resistor Rg2 1.0 1.2 1.2 1.2 1.2 MS2 

Cathode resistor R k 3.3 1.8 1.5 1.2 1.0 kS2 

Grid No.l resistor Rgl 1 1 1 1 1 MS2 

Grid resistor next stage Rgl, 0.68 0.68 0.68 0.68 0.68 MS2 

Anode current Ia 0.29 0.61 0.80 0.98 1.37 mA 

Grid No.2 current Ig2 0.07 0.13 0.17 0.20 0.28 mA 

Gain Vo/Vi 120 165 175 190 200 

Output voltage at +Ig = 0.3 µA Vo 8 20 25 30 40 VR~ 

Total distortion dtot 1.7 1.6 1 .4 1 .1 0.9 °Jo

Electrometer pentode 

Heater voltage V f 4.5 V 

Anode voltage Va 40 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 40 V 

Negative grid No.l voltage -Vgl 2.15 V 

Anode current Ia 40 µA 

Grid No.2 current Ig2 9 µA 

Negative grid No.l current -Igl max. 10-10 A 
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6227 E80L 

S.Q. TUBE 

Special quality output pentode 

QUICK REFERENCE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval. Gold plated pins 

Heating Indirect 
A.C. or D.C. 
Series or parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 700 mA 

Anode current Ia 30 mA 

Output power, one tube Wo 2.7 W 

two tubes class AB Wo 5.7 W 

DIMENSIONS AND CONNECTIONS 

Base: Noval 
max 22 

N 
n 
k 
b 

0 

X 
D 

~zoaew 

Dimensions in mm 
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E80L 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

Heater voltage 

Heater current 

Anode voltage 

Grid No.3 voltage 

Grid No.2 voltage 

Cathode resistor 

Anode current 

Grid No.2 current 

Mutual conductance 

Amplification factor 
grid No.2 to grid No. l 

Negative grid No.l current 

Anode voltage 

Grid No.3 voltage 

Grid No.2 voltage 

Anode current 

Load resistance 

Output power 

Cut-off voltage 

Anode voltage 

Grid No. 3 voltage 

Grid No.2 voltage 

Anode current 

I II III 

Vf 6.3 V 

If 700 665 - 735 mA 

Va 200 V 

Vg3 0 V 

Vg2 200 V 

Rk 130 S2 

Ia 30 26.5 - 33.5 min. 21 mA 

Ig2 4.1 2.7 - 5.5 min. 2.0 mA 

S 9.0 7.4 - 10.6 min. 6.0 mA/V 

µg281 
21.5 

-Igl max. 0.5 max.1.0 µA 

Va 200 V 

Vg3 0 V 

Vg2 200 V 

Ia 30 mA 

Ra 7 kS2 

W o 2.7 min. 2.0 W 

-Vgl 14 V 

Va 200 V 

Vg3 0 V 

Vg2 200 V 

Ia max. 0.2 mA 
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E80L 

CHARACTERISTICS (continued) 

Hum voltage 

Grid No.l resistor Rgl = 0.5 MS2 

Cathode resistor by-passed 

Leakage current between 
cathode and heater 

Voltage between cathode 
and heater Vkp = 120 V 

Insulation resistance  between 

two electrodes 

Voltage between electrodes = 300 V 

CAPACITANCES 

Grid No.l to grid No.3, grid No.2, 
cathode heater and screen 

Anode to grid No.3, grid No.2, 
cathode heater and screen 

Anode to grid No.l 

Grid No.l to heater 

Cathode to heater 

I II III 

V~10 

I kf

R 

max.0.25 

max . 15 

min. 50 

max . 20 

min. LO 

mVgM<, 

µA 

MS2 

SHOCK AND VIBRATION RESISTANCE 

I II 

Cgl/g3g2kfs 10 9.2 - 10.8 pF 

Ca/g3g2kfs 6.8 6.3 - 7.3 pF 

Cagl 
max.0.15 pF 

Cglf max.0.25 pF 

C kf 7.0 pF 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 

supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 
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E80L 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 10000 hours. 

Anode voltage Va 200 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 200 V 

Cathode resistor Rk 130 Sl 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 600 V 

Va max , 300 V 

Anode dissipation Wa max. 8 W 

Negative grid No.3 voltage -Vg3 max. 100 V 

Grid No.2 voltage Vg2o max. 600 V 

Vg2 max. 300 V 

Grid No.2 dissipation Wg2 max. 2.6 W 

Grid No.l voltage -Vgl max. 100 V 

Cathode current Ik max. 50 mA 

Voltage between cathode and heater Vkf max. 120 V 

Bulb temperature tbulb max. 225 ° C 

Grid No.l resistor (automatic bias) Rgl max. 1 MS2 

Heater voltage: The average heater voltage should be 6.3 V. 
`Jariations of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 
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OPERATING CHARACTERISTICS 

Output tube class A 

Anode voltage Va 200 250 V 

Grid No.3 voltage Vg3 0 0 V 

Grid No.2 voltage Vg2 200 250 V 

Grid No.2 resistor R g2 1 kSl 

Cathode resistor Rk 130 270 S2 

Anode current Ia 30 24 mA 

Grid No.2 current Ig2 4.1 3.3 mA 

Mutual conductance S 9 - mA/V 

Internal resistance Ri 52 - kS2 

Load resistance Ram 7 10 kS2 

Output power Wo 2.7 2.8 W 

Total distortion dtot 10 10 ~o 

Output tube class AB (two tubes) 

Anode voltage 

Grid No.3 voltage 

Grid No.2 voltage 

Cathode resistor 

Load resistance 

Va 200 V 

Vg3 0 V 

Vg2 200 V 

R k 130 S2 

Raa 
ti 9 kS2 

Input voltage Vi 0 0.31 5.2 VRMS 

Anode current Ia 2x20.6 - 2x24.6 mA 

Grid No.2 current Ig2 2x2.8 - Zx4.9 mA 

Output power Wo 0 0.05 5.7 W 

Total distortion dtot - - 3.0 °~o 
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E80L 

OPERATING CHARACTERISTICS (continued) 

Output tube class AB (two tubes) 

Anode voltage Va 250 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 250 V 

Cathode resistor R k 150 S2 

Load resistance Raa~ 9 kS2 

Input voltage Vi 0 0.32 7.8 VRMS 

Anode current Ia 2x23.5 - 2x29.5 mA 

Grid No.2 current Ig2 2x3.2 - 2x6.6 mA 

Output power Wo 0 0.05 9 W 

Total distortion dtot - 4.5 °/~ 
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6686 E81L 

S.O. TUBE 

Special quality output pentode designed for use in telephone equipment. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Base Koval. Gold plated pins 

Heating Indirect 

a.c. or d.c. 

Series or parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 375 mA 

Anode current Ia 20 mA 

Output power Wo 1 W 

DIMENSIONS AND CONNECTIONS 

Base: Koval 

Dimensions in mm 

max22 

~~ 
x co 
O x 
E d 
E 

no3s~ 

December 1968 1 



E81 L 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

375 355- 395 

V 

mA 

Anode voltage Va 210 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 210 V 

Cathode resistor Rk 120 S? 

Anode current Ia 20 17- 23 min.13.5 mA 

Grid No.2 current Ig2 5.3 4.1- 6.5 min. 3.1 mA 

Mutual conductance S 11 9.5-12.5 min. 7.8 mA/V 

Internal resistance Ri 0.3 min. 0.2 MS2 

Amplification factor 
grid No.2 to grid No.l 

µg2g1 
36 

Equivalent noise 
resistance R eq 1.2 kS2 

Negative grid current -Igl max. 0.5 max. 1.0 µA 

Hum voltage Vgl max. 0.2 mVgMS 

Grid resistor Rgl = 0.5 MS2 

Heater centre earthed 

Cathode resistor bypassed 

Leakage current between 
max. 24 µA cathode and heater Ikf

Voltage between cathode and 
heater Vkf = 120 V 
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E81L 

CAPACITANCES 

Anode to grid No.3, grid No.2 
I II 

cathode heater and screen Ca/g3g2kfs 6.5 5.9 - 7.1 pF 

Grid No.l to grid No.3, grid No.2 
cathode heater and screen 

Cgl/g3g2kfs
11.2 10.4 - 12 pF 

Grid No.l to grid No.3, grid No.2 
cathode heater and screen 

Cgl/g3g2kfs
14.3 pF 

Measured with cathode current 
Ik =25mA 

Anode to grid No.l 
Cagl 

max. 0.02 pF 

Grid No.l to heater Cgl f max. 0.2 pF 

Cathode to heater C~ 4.2 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-

tions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hamtner lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 10.000 hours. 

Anode voltage Va 210 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 210 V 

Cathode resistor R k 120 S2 
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E8~1 L 

LIMITING VALUES (Design centre rating system) 

Anode voltage Vao max. 550 V 

Va max. 210 V 

Anode dissipation Wa max. 4.5 W 

Grtd No.2 voltage Vg2o max. 550 V 

Vg2 max . 210 V 

Grid No.2 dissipation Wg2 max. 1.2 W 

Cathode current Ik max. 30 mA 

Grid No.l resistor: 

automatic bias 
Rgl 

max. 0.5 MS2 

fixed bias 
Rgl 

max . 0.25 MS2 

Voltage between cathode and heater Vkf max. 120 V 

Bulb temperature tbulb max. 170 °C 

Heater voltage: The average heater voltage should be 6.3 V. Variations of the 

heater voltage exceeding the range of 6.0 V to 6.6 V will shorten 

the tube life. The tolerance of heater current (column II) should 

be taken into account. 

OPERATING CHARACTERISTICS 

Output tube. Class A 

Anode voltage Va 210 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 210 V 

Cathode resistor Rk 120 S2 

Load resistance Rati 15 kS2 

Anode current Ia 20 mA 

Grid No.2 current Ig2 5.3 mA 

Output power Wo 1 W 

Total distortion dtot 5 °~o 
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E81L 

OPERATING CHARACTERISTICS (continued) 

Amplifier 

Anode voltage Va 210 V 

Grid No.3 voltage 
Vg3 

0 V 

Grid No.2 voltage Vg2 
210 V 

Cathode resistor Rk 180 S2 

Load resistance Ra 20 kSt 

Anode current 

Grid No.2 current 

Ia 
~., 

Ig2 

15 

4 

mA 

mA 

Voltage gain Vo/V( 5.15 N 

7703996-Sh.a.i2 15 
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E82CC 

S.Q. TUBE 

Special quality double triode designed for use as amplifier oscillator, multivi-
brator and blocking oscillator. 

QUICK REFEREA'CE DATA 

Life 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval 

Heating Indirect 
A.C. or D.C.; Parallel supply 

Heater voltage Vf 6.3 or 12.6 V 

Heater current If 300 or 150 mA 

Anode current Ia 10.5 mA 

Mutual conductance S 2.2 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

max 22.2 

N 
Qi ~? 
~ ~ 

~ o 
E 

Dimensions in mm 
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E82CC 

CHARACTERISTICS (Both sections if applicable) 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage, pin 9 and 4 + 5 Vf

Heater current If

Heater voltage, pin 4 and 5 Vf

Heater current If 

6.3 

300 

12.6 

150 

285- 315 

~ 

m.~ 

V 

mA 

Anode voltage Va 250 V 

Cathode resistor Rk 800 S2 

Anode current Ia 10.5 8.7-12.3 min. 7.0 mA 

Difference in anode current 
of both systems Ia -Ia ' max. 1.6 mA 

Mutual conductance S 2.2 1.8- 2.6 min. 1.5 mA/V 

Amplification factor µ 17.0 15.7-18.3 

Internal resistance Ri 7.7 kS2 

Cut-off voltage 

Grid voltage -Vg 22 V 
Anode current Ia 10 µA 

Grid voltage -V max. 30 V 
Anode current Ia 20 µA 

Grid voltage -Vg min. 18 V 
Anode current Ia 5 µA 

Negative grid current -Ig max. 0.5 max.l .0 µA 

Anode voltage Va 100 V 

Grid voltage Vg 0 V 

Anode current Ia 11.8 mA 

Mutual conductance S 3.1 mA/ V 

Amplification factor µ 19.5 

Internal resistance R; 6.25 k`2 
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E82CC 

CHARACTERISTICS (continued) 

Leakage current between 
I II 

cathode and heater I~ max. 6.5 µA 

Insulation resistance: 

Between grid and other 
electrodes Rins min . 500 MS2 

Voltage between electrodes = 100 V 

Between anode and other 
electrodes Rins min. 500 MS2 

Voltage between electrodes = 300 V 

Vibrational noise output (20 to 5000 Hz) Vo max. 100 mVRMS 

Anode voltage Va = 250 V 

Grid voltage -Vg = 8.5 V 

Anode resistor Ra = 2 kSt 

Vibration frequency = 40 Hz 

Acceleration = 10 g 
Units in parallel 

CAPACITANCES 

Anode to cathode and heater Ca~~ 0.5 0.3 - 0.7 pF 

Ca+~k+f 0.4 0.2 - 0.6 pF 

Grid to cathode and heater Cg~k{ 1 .6 1.25 - 1.95 pF 

Anode to grid Cag 1.5 1.2 - 1.8 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube . These conditions are not intended to be used as normal operating conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 
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E82CC 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10000 hours. 

— 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 600 V 

Va max. 330 V 

Anode dissipation Wa max. 3 W 

Grid voltage -Vg max. 55 V 

+Vg max. 0 V 

Grid current Ig max. 5 mA 

Grid resistor: fixed bias Rg max. 0.5 1VIS? 

automatic bias Rg max. 1.0 MS2 

Cathode current Ik max. 22 mA 

Voltage between cathode and heater V~ max. 100 V 

Bulb temperature tbulb max. 165 °C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 
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E83CC 

S.Q. TUBE 

Special quality double triode designed for use as A.F. amplifier, phase inverter 

and amplifier in measuring equipment. 

QUICK REFERENCE DATA 

Life test 

Low interface resistance 

Low microphony level 

Mechanical quality 

Base 

Heating 

Heater voltage 

Heater current 

Anode current 

Mutual conductance 

Amplification factor 

10000 hours 

Shock and vibration resistant 

Noval 

Indirect 

A . C . or D. C . ; parallel supply 

Vf

If

Ia

S 

µ 

6.3 V or 12.6 V 

300 mA or 150 mA 

1.25 mA 

1.~ mA/V 

100 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

7204044 ]203450 

Dimensions in mm 
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E83CC 
i 

 I 

CHARACTERISTICS (Both systems if applicable) 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage pin 9 and 4 + 5 Vf

Heater current Ip 

Heater voltage pin 4 and 5 V f 

Heater current If

6.3 

300 

12.6 

150 

285 - 315 

V 

mA 

V 

mA 

Anode voltage Va 250 V 

Cathode resistor R k 1.6 kS2 

Anode current Ia 1.25 1.1 - 1 .4 min. 0.8 mA 

Mutual conductance S 1.6 1.3 - 1.95 min. 1.05 mA/V 

Amplification factor µ 100 

Internal resistance Ri 62.5 kSl 

Negative grid current -I~ max. 0.2 max. 0.5 µA 

Cut-off voltage -~'g max. 4 V 

Anode current Ia = 20 µA 

Anode voltage Va 100 V 

Anode current Ia 0. ~ mA 

Cathode resistor R k 2 kS2 

Mutual conductance S 1.25 mA/V 

Amplification factor ~~ 100 

Internal resistance R i 80 kS2 

Leakage current between 
max. - µA cathode and heater ]~ I

Voltage between cathode 
and heater Vkf = 100 V 
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CHARACTL:RISTICS (continued) 

Insulation resistance: 

Between grid and other electrodes 

Voltage between electrodes = 100 V 

Between anode and other electrodes 

Voltage between electrodes = 300 V 

I II 

Vibrational noise output (20 to 5000 Hz) 

Anode supply voltage Vba = 250 V 

Anode resistor Ra = 5 kSt 

Grid voltage -Vg = 2 V 

Vibration frequency = 25 Hz 

Acceleration = 2.5 g 

Units in parallel 

R ins 

R ins 

Vo

max. 300 

max. 300 

MSZ 

MSl 

CAPACITANCES 

Grid to cathode and heater Cg/kf 

Anode to cathode and heater Ca/kf 

Ca' /l~f 

Anode to grid Cag

Grid to heater Cgf 

Anode to anode other system Caa' 

Grid to grid other system Cgs 

Anode to grid other system Cagy 

Cga 

1.6 

0.46 

0.34 

1.7 

LIMITING VALUES (Absolute max. rating system) (Each unit) 

Anode voltage Vao

Va

Anode dissipation Wa

Grid voltage -Vg

+Vg

Cathode current Ik 

max. 10 mV~S 

pF 

pF 

pF 

pF 

max. 0.15 pF 

max. 0.6 pF 

max. 10 mpF 

max. 60 mpF 

max. 60 mpF 

max. 600 V 

max. 330 V 

max. 1.2 W 

max. 55 V 

max. 0.5 V 

max. 9 mA 
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LIMITING VALUES (continued) 

Grid resistor: fixed bias Rg max. 1.2 MS2 

automatic bias Rg max. 2.2 MSZ 

grid current bias Rg max. 25 MS2 

Voltage between cathode and heater Vkf max. 200 V 

Resistance in cathode heater circuit 
in case of phase inverter circuit 

Bulb temperature 

Microphony: 
Input voltage required for 50 mW output Vi min. 0.5 mV 

Heater voltage: The average heater voltage should be 6.3 V 
Variations of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of the heater current (column II) should be taken 
into account. 

OPERATING CHARACTERISTICS 

R kf 

tbulb 

max. 135 kSt 

max. 170 °C 

A.F. amplifier - circuit fig.l 

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 47 47 47 47 47 kS2 

Cathode resistor Rk 1500 1200 1000 820 680 S2 

Grid resistor next stage Rg + 150 150 150 150 150 kSt 

Anode current Ia 0.86 1.18 1.55 1.98 2.45 mA 

Output voltage Vo 18 23 26 33 37 VRMS 
(Grid current = 0.3 µA) 

Voltage gain Vo/Vi 34.0 37.5 40.0 42.5 44.0 

Total distortion dtot 8.5 7.0 5.0 4.4 3.6 j~, 
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OPERATING CHARACTERISTICS (continued) 

A.F. amplifier - circuit fig.l (continued) 

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 100 100 100 100 100 kSt 

Cathode resistor R k 1800 1500 1200 1000 820 SZ 

Grid resistor next stage Rg~ 330 330 330 330 330 kSl 

Anode current Ia 0.65 0.86 1.11 1.40 1.72 mA 

Output voltage Vo 20 26 30 36 38 VRMS 
(Grid current = 0.3 µA) 

Voltage gain Vo/Vi 50 54.5 57.0 61.0 63.0 

Total distortion dtot 4.8 3.9 3.7 2.2 1.7 °Jo

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 220 220 220 220 220 kSl 

Cathode resistor R k 3300 2700 2200 1500 1200 S2 

Grid resistor next stage Rg~ 680 680 680 680 680 kS2 

Anode current Ia 0.36 0.48 0.63 0.85 1.02 mA 

Output voltage Vo 24 28 36 37 38 VR ~ 
(Grid current = 0.3 µA) 

Voltage gain Vo/Vi 56 66.5 72.0 75.5 76.5 

Total distortion dtot 4.6 3.4 2.6 1.6 1.1 °Jp 

A.F. amplifier - circuit fig.2. 

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor R a 47 47 47 47 47 MZ 

Grid resistor next stage Rg~ 150 150 150 150 150 kSl 

Anode current Ia 1.02 1.45 2.02 2.50 3.10 mA 

Output voltage Vo 18 23 26 33 37 VR~gS 

Voltage gain Vo/Vi 37 39 41 44 45 

Total distortion dtot 5.6 4.2 2.9 2.7 2.5 °/o
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OPERATING CHARACTERISTICS (continued) 

A.F. amplifier - circuit fig.2. (continued) 

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 100 100 100 100 100 kSt 

Grid resistor next stage Rg~ 330 330 330 330 330 kSl 

Anode current Ia 0.70 1.00 1.29 1.62 1.95 mA 

Output voltage Vo 20 26 30 36 38 VRMS 

Voltage gain Vo/Vi 50 51 54 56 58 

Total distortion dtot 3.9 2.6 2.0 1.8 1.6 j~. 

Anode voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 220 220 220 220 220 kSl 

Grid resistor next stage Rg~ 680 680 680 680 680 kS2 

Anode current Ia 0.39 0.56 0.75 0.88 1.09 mA 

Output voltage Vo 24 28 36 37 38 V 

Voltage gain Vo/Vi 58 62 66 67 68 

Total distortion dtot 4.6 2.7 2.2 1.7 1.4 

A.F. amplifier - circuit fig.3. 

Anode supply voltage Vba 100 150 200 250 300 350 400 V 

Anode resistor Ra 47 47 47 47 47 47 47 kS2 

Grid resistor next stage Rg~ 150 150 150 150 150 150 150 kS2 

Anode current Ia 0.35 0.84 1.40 1.95 2.52 3.19 3.80 mA 

Voltage gain Vo/Vi 25 33 34 36 38 40 41 

Total distortion: 

atVo =2VR~ dtot 1.7 2.5 2.4 2.3 2.2 2.2 2.1 

atVo =4VR~ dtot 2.1 4.6 4.7 4.6 4.5 4.2 4.2 

at Vo = 6 VR MS dtot 6.0 5.2 5.6 5.6 5.5 5.5 5.4 jo 
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OPERATING CHARACTERISTICS (continued) 

A.F. amplifier - circuit fig.3. (continued) 

Anode supply voltage Vba 100 150 200 250 300 350 400 V 

Anode resistor R a 100 100 100 100 100 100 100 kS2 

Grid resistor next stage Rg + 330 330 330 330 330 330 330 kSt 

Anode current Ia 0.24 0.56 0.88 1.23 1.58 1.92 2.29 mA 

Voltage gain Vo/Vi 34 43 46 48 50 51 52 

Total distortion: 

at Vo = 2 VRMS dtot 1.6 1.9 1.9 1.8 1.8 1.8 1.7 °~o 

at Vo = 4 VRMS dtot 2.3 3.0 3.8 3.8 3.6 3.6 3.5 °Jo

at Vo = 6 VRMS dtot 2.6 4.7 5.1 5.1 5.0 4.9 4.8 

Anode supply voltage Vba 100 150 200 250 300 350 400 V 

Anode resistor Ra 220 220 220 220 220 220 220 kS2 

Grid resistor next stage Rg+ 680 680 680 680 680 680 680 kSl 

Anode current Ia 0.14 0.32 0.49 0.67 0.85 1.05 1.23 mA 

Voltage gain Vo/Vi 42 51 54 57 58 59 60 

Total distortion: 

atVo=2VRMS dtot 1.6 1.7 1.7 1.6 1.6 1.6 1.6 

atVo=4VRMS dtot 2.5 3.0 3.0/ 2.9 2.9 2.8 2.7 °Io 

atVo=6VRMS dtot 3.2 4.4 4.4 4.4 4.4 4.3 4.2 

Phase inverter - circuit fig.4 

Supply voltage Vb 250 350 V 

Anode voltage Va 65 90 V 

Anode resistor R a+ Ra+ 100 150 kSt 

Cathode resistor R k 68 82 kSZ 

Anode current Ia+Ia+ 1.0 1.2 mA 

Voltage gain Vo/Vi 251 27 

Output voltage Vo 7 20 10 35 VR~ 
(Grid current = 0.3 µA) 

Total distortion dtot 0.6 1.8 0.5 1.8 ~o 

Va should be adjusted to the specified value for Ia+Ia + 
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OPERATING CHARACTERISTICS (continued) 

Phase inverter - circuit fig.5. 

Supply voltage Vb 250 350 V 

Cathode resistor Rk 1200 820 S2 

Anode current Ia+Ia n 1.08 1.7 mA 

Voltage gain Vo/Vi 58 
._-~ 

62 
—,—, 

Output voltage Vo 7 35 9 45 VR MS 
(Grid current = 0.3 µA) 

Total distortion dtot 1.1 5.5 0.7 3.5 j. 

u, 

100,11 033MC1 QO1~F 

lOMd1 

noun 

V~ 

not~ia 

QO1~F 

/Z044~3 

V 

Fig. 1 

Fig. 2 

Fig. 3 
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E83F 

S.Q. TUBE 

Special quality pentode designed for use in telephone equipment. 

QUICK REFERENCE DATA 

Life expectancy 10 000 hours 

Low interface resistance 

Base Noval. Gold plated pins 

Heating Indirect 
A.C. or D.C. 
Series or parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 0.3 A 

Anode current Ia 10 mA 

Mutual conductance S 9 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

max22 

Dimensions in mm 
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CHARACTERISTICS 

Column I Nominal value or setting of the tube. 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf 

Heater current I f

6.3 

300 285 - 315 

V 

mA 

Anode voltage Va 210 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 120 V 

Cathode resistor R k 165 S2 

Anode current la 10 8.7 - 11 .3 7 mA 

Grid No.2 current Ig2 2.1 1.7 - 2. ~ 1 .25 mA 

Mutual conductance S 9 7.8 - 10.2 6.4 mA/V 

Internal resistance Ri 0.5 min. 0.3 MS2 

Amplification factor 
grid No.2 to grid No.l 

µg2g1 
38 

Equivalent noise resistance 
(R . F .) P.eq 750 max. 1000 S2 

Equivalent noise resistance 
(A.F.) R eq max. 36 kS2 

Negative grid No.l current -Igl max. 0.5 max.l .0 µA 

Hum voltage Vgl max. 0.5 mVRMS 

Grid resistor Rgl = 0.5 MS2 

Cathode resistor by passed 

Cut off voltage -Vgl 5 max.5.25 V 

Anode voltage Va 210 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 120 V 

Anode current Ia 0.5 mA 
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CHARACTERISTICS (continued) 

Leakage current between 
cathode and heater 

Voltage between heater 
and cathode Vkf = 100 V 

I II II[ 

Ikf max. 15 µ.1 

Insulation resistance between 

two arbitrary electrodes 
Voltage between electrodes V = 250 V 

CAPACITANCES 

R min. 100 MS2 

Radiation capacitances measured to, a surrounding cylinder, internal diameter 

52 mm, height 98 mm. 

I II 

Grid \o. 1 to grid \0.2, grid No.3, 

cathode, heater and screen 
Cgl/g2g3kfs ri 8.7 pF 

Grid \o.l to grid No.2, grid \0.3, 

cathode, heater and screen 
Cgl/g2g3kfs 10.8 pF 

Cathode current = 12.1 mA 

Anode to grid \0.2, grid No.3, 

cathode, heater and screen Ca/g2g3kfs 3.5 max. 4.1 pF 

Anode to grid No.l Cagl
max. 15 mpF 

Grid \o.l to heater 
Cglf 

max.0.15 pF 

Cathode to heater Ckf 4 pF 

Grid No. 1 radiation capacitance Crgl max.25 mpF 

Anode radiation capacitance Cra max.25 mpF 

LIFE EXPECTANCY 

When the tube is operated under the following conditions the range values of the 
characteristics in column III may be expected not to be exceeded during an oper-

ation period of 10000 hours. 

Anode voltage Va 210 V 

Crid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 120 V 

Cathode resistor R k 165 S2 
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LIMITING VALUES (Design centre rating system) 

Anode voltage Vao max. 550 V 

Va max . 210 V 

Anode dissipation Wa max. 2.1 W 

Grid No.2 voltage Vg2o 
max. 550 V 

Vg2 max. 210 V 

Grid No.2 dissipation Wg2 max. 0.35 W 

Grid No.l voltage -Vgl max. 100 V 

Grid No.l voltage, peak -Vglp max. 200 V 

Duty factor max. 0.1 

Pulse duration max. 200 µs 

Grid No.l dissipation Wgl max. 50 mW 

Grid No.l resistor (automatic bias) Rgl max. 1 MS? 

Cathode current I k max. 16 mA 

Cathode current peak value Ikp max. 80 mA 

Duty factor max . 0.1 

Pulse duration max. 200µs 

Voltage between heater and cathode Vkf max. 100 V 

Bulb temperature (absolute maximum) tbulb max. 170 oC 

OPERATING CHARACTERISTICS 

Output tube. Class A 

Anode voltage Va 120 21U V 

Grid No.3 voltage Vg3 0 0 V 

Grid No.2 supply voltage Vbg2 120 120 V 

Grid Nc.2 resistor Rg2 5.6 5.6 kSl 

Cathode resistor Rk 180 180 S2 

Anode current Ia 8.3 8.3 mA 

Grid No.2 current IgZ 1 .7 1 .7 mA 

Mutual conductance S 8.2 8.2 mA/V 

Internal resistance R i 0.42 0.44 MS2 

Load resistance Ra ,~ 10 20 kS2 

Input voltage Vi 0.35 1.1 - 0.25 1.1 - VRMS 

Grid No.l current +Igl - - 0.3 - - 0.3 µA 

Grid No.l resistor Rgl - - 0.33 - - 0.33 MS2 

Total distortion dtot - 10 - - 10 - 

Output power Wo 50 340 400 50. 660 870 mW 
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S.Q. TUBE 

Special quality output pentode designed for use as wide band amplifier, series 
regulator tube and power output tube. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval 

Heating Indirect 
A.C. or D.C. ; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 760 mA 

Anode current Ia 48 m1 

Mutual conductance S 11.3 mA/V 

Output power, one tube Wo 6 W 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

g1 

k.g3 

Dimensions in mm 
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CHARACTERISTICS 

Column I Nominal values or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage V f 

Heater current If 

6.3 

760 720-- 800 

V 

mA 

Anode voltage Va 250 V 

Grid No.2 voltage Vg2 250 V 

Cathode resistor Rk 135 S2 

Anode current Ia 48 42 - 54 min. 32 mA 

Grid No.2 current Ig2 5. 5 4 - 7 mA 

Mutual conductance S 11.3 9.2 - 13.4 min. 7.5 mA/V 

Amplification factor 
µg2g1 

19 

Internal resistance Ri 40 kS2 

Negative grid current -Igl max. 0.5 max. 1.0 µA 

As triode 

Anode voltage Va 250 V 

Cathode resistor Rk 270 S2 

Anode current Ia 34 mA 

Mutual conductance S 10.2 mA/V 

Amplification factor µ 18. 5 

Internal resistance Ri 1.8 kS2 

Leakage current between 
max. 12.5 µA cathode and heater 1~ 

Voltage between cathode 
and heater V~ = 100 V 

Insulation resistance between 
min. 100 MS2 electrodes R 

Voltage between electrodes = 
300 V 
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CAPACITANCES 
I II 

Anode to grid No.2, grid No.3 
cathode and heater Ca~g2g3~ 

Grid No . 1 to grid No . 2 , grid No . 3 
cathode and heater Cgl~g2g3~ 

Anode to grid No.l Cagl

Grid No.l to heater Cglf 

SHOCK AND VIBRATION RESISTANCE 

6.0 

10 

5.2 - 6.8 

9 - 11 

max. 0.5 

max. 0.25 

pF 

pF 

pF 

pF 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating conditions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10000 hours 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 600 V 

Va max. 450 V 

Anode dissipation Wa max. 13.5 W 

Grid No.2 voltage Vg2o max. 600 V 

Vg2 max. 450 V 

Grid No.2 dissipation 

Continuously Wg2 max. 2.2 W 

Peak value in case of exitation 
by speech and music Wg2

P 
max. 4.4 W 
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LIMITING VALUES (continued) 

Grid No.l dissipation Wgl max. 0.5 W 

Grid No.l voltage -Vgl max. 100 V 

Cathode current Ik max. 75 mA 

Grid resistor 

Fixed bias Rgl max. 0. 5 MS2 

Automatic bias Rgl max. 1.0 MSZ 

Voltage between cathode and heater V~ max. 100 V 

Bulb temperature tbu~ max. 225 ° C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should he taken into 

account. 

OPERATING CHARACTERISTICS 

Output tube class A (one tube) 2)3) 

Anode voltage Va 250 V 

Grid No.2 voltage Vg2 250 V 

Cathode resistor Rk 135 S2 

Load resistance Ra~ 4.5 k<2 

Input voltage Vi 0 0.3 3. 5 4.4 4. 81) V RMS 

Anode current Ia 48 50.5 50.5 mA 

Grid No.2 current Igo 5. 5 10.0 11.0 mA 

Output power Wo 0 0.05 4.5 5.7 6.0 W 

Total distortion dtot 7. 5 10 ~` io 

Second harmonic d2 5.7 5.0 j 

Third harmonic d3 4. 5 8.0 ~~, 
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OPERATING CHARACTERISTICS (continued) 

Output tube class A (one tube) 2)3) 

Anode voltage Va 250 

Grid No.2 voltage Vg2 250 

Cathode resistance Rk 135 

Load resistance Ra ,., 5.2 

V 

V 

S2 

kS2 

Input voltage Vi 0 0.3 3.4 4.3 4.71)VRMS 

Anode current Ia 48 49.5 49.2 mA 

Grid No.2 current Ig2 5.5 10.8 11.6 mA 

Output power Wo 0 0.05 4. 5 5.7 6.0 W 

Total distortion dtot 6.8 10 °Io 

Second harmonic d2 3.0 2.0 ~o 

Third harmonic dg 5. 8 9. S ~o 

Anode voltage Va 250 V 

Grid No.2 voltage Vg2 250 V 

Cathode resistance Rk 210 52 

Load resistance Ra,,, 7.0 kS2 

Input voltage V i 0 ~ 0.3 3. 5 5. 51) V RMS 

Anode current Ia 36 36.8 36 mA 

Grid No. 2 current Ig2 4.1 8. S 14.6 mA 

Output power Wo 0 0.05 4.2 5.6 W 

Total distortion dtot 10 ~o 

Second harmonic d2 1. 7 o,

Third harmonic d3 8.7 ~o 
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OPERATING CHARACTERISTICS (continued) 

Output tube class A (one tube) 2) 

Anode voltage Va 250 V 

Grid No.2 voltage Vg2 210 V 

Cathode resistor Rk 160 S2 

Load resistance Ra~ 7.0 ktl 

Input voltage Vi 0 0.3 3.4 3.81) Vag 

Anode current Ia 36 36.6 36.5 mA 

Grid No.2 current Ig2 3.9 7.3 8.0 mA 

Output power Wo 0 0.05 4.3 4.7 W 

Total distortion dtot 10 

Second harmonic d2 1. 8 

Third harmonic d3 9.3 ~o 

Output tube class AB (two tubes) 2) 

Anode voltage Va 250 300 V 

Grid No.2 voltage Vg2 250 300 V 

Cathode resistor Rk 130 130 S2 

Load resistance Raati 8 8 kS2 
~~. ~~^ 

Input voltage Vi 0 8 0 103)VRMS 

Anode current Ia 2x31 2x37.5 2x36 2x46 mA 

Grid No.2 current Ig2 2x3.5 2x7.5 2x4 2x11 mA 

Output power Wo 0 11 0 17 W 

Total distortion dtot 3 4 ~/~ 
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OPERATING CHARACTERISTICS (continued) 

Output tube class B (two tubes) 

Anode voltage 

Grid No.2 voltage 

Grid No.l voltage 

Load resistance 

Va

Vg2

—Vgl

Raa ti

250 300 V 

250 300 V 

11.6 14.7 V 

8 8 kS2 
~~, 

8 0 103)VRMS Input voltage Vi 0 

Anode current Ia 2x10 2x37.5 2x7.5 2x46 mA 

Grid No.2 current Ig2 2x1.1 2x7.5 2x0.8 2x11 mA 

Output power Wo 0 11 0 17 W 

Total distortion dtot 3 4 °/-o

As triode 

Output tube class A (one tube) 

Anode voltage Va 250 V 

Cathode resistor Rk 270 S2 

Load resistance Ra ,~ 3. 5 kS2 

Input voltage V i 0 1.0 6.7 V RMS 

Anode current Ia 34 36 mA 

Output power Wo 0 0.05 1.95 W 

Total distortion dtot 9.0 °/-o

Output tube class AB (2 tubes) 

Anode voltage Va 250 300 V 

Cathode resistor Rk 270 270 S2 

Load resistance Raa ,~, 10 10 kS2 

Input voltage Vi 0 0.95 8.3 0 0.9 10 VAS 

Anode current Ia 2x20 2x21.7 2x24 2x26 mA 

Output power Wo 0 0.05 3.4 0 0.05 5.2 W 

Total distortion dtot 2.5 2.5 

1) Grid No. l current Igg = 0.3µA 
2) Measured with fixecl"~ias 3) With speech and music signal 
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E86C 

S.Q. TUBE 

Special quality U.H.F. triode designed for use as oscillator, amplifier and self -
oscillating mixer (max. frequency 800 MHz). 

QUICK REFERENCE DATA 

Life 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval. Gold plated pins. 

Heating Indirect 
A.C, or D.0 ;Parallel supply 

Heater voltage 

Heater current 

Anode current 

Mutual conductance 

Vf

If 

Ia

S 

6.3 V 

165 mA 

12 mA 

14 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

Dimensions in mm, 

December 1y68 1 



E86C 

CHARACTERISTICS 

Column I \ominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

165 155 - 175 

V 

mA 

Anode supply voltage Vba t85 V 

Grid supply voltage +Vbg 8 V 

Cathode resistor R k 800 S? 

Anode current Ia l2 11 . '? - 12.8 min. 10.5 mA 

Mutual conductance S 14 l l .5 - 17 thin. 9.5 mA/V 

Amplification factor µ 68 

Ncg~ative grid current —Ig max. 0.5 max. 1.0 µA 

Cut -off voltage —Vg max . 5 V 

Anode current la = 0 , l mA 

Equivalent noise resistance Rey 250 ~? 

Input resistance rg '1 kS? 

Frequency = 100 MHz 

Phase angle of slope ~ s — 

Freyuency = t(l0 MHz 

Leakage current between 
may . ;+t ~i:~ cathode and heater Ikf 

Voltage between cathode 
and heater Vkf = 100 V 

Insulation resistance between 
min. L00 \1" anode and other electrodes Rins 

Voltage between anode and 
other electrode = 300 V 

Insulation resistance between 
min. 1[10 yl~' grid and other electrode Rins 

Voltage between grid and 
other electrode = 100 V 
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CAPACITANCES I II 

Anode to grid Cag 2 1 .7 - 2.3 pF 

Anode to cathode Cak 0.2 0.16-0.24 pF 

Grid to cathode Cgk 3.6 3.0 - 4.2 pF 

Grid to heater Cgf max. 0.3 pF 

Cathode to grid and heater Ck/gf 6.6 ~.5 - 7.7 pF 

Anode to grid and heater Ca/gf 2.1 1.77-2.45 pF 

Grid to cathode and heater Cg/kf 3.9 3.3 - 4.5 pF 

Anodc to cathode and heater Ca/kf 0.3 0.25-0.35 pF 

Grid to cathode Cgk 5.6 pF 

Anode current Ia = 12 mA 

With external shield 

Anode to grid and shield Ca/gs 3.1 2.8 - 3.4 pF 

Grid and shield to cathode and heater Cgs/kf 4.2 3.(i - 4.8 pF 

Anode to cathode and heater Ca/kf 0.25 0.2 - 0.3 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 

tube. These conditions are not intended to he used as normal operating conditions. 

Shock 

The tube is subjected ~ times in each of 4 positions to an acceleration of 500 g 

supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-

quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10000 hours. 

Heater voltage: The average heater voltage should be 6.3 V. Variations of the 
heater voltage exceeding the range of 6.0 V to 6.6 V will shorten 

the tube life. The tolerance of heater current (column II) should 

be taken into account. 
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E86C 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 440 V 

Va max. 250 V 

Anode dissipation Wa max. 2.4 1V 

Grid voltage -Vg max. 50 V 

Grid dissipation Wg max. 20 m~V 

Grid resistor Rg max. 1 .2 MS? 

Cathode current Ik max. 20 mA 

Voltage between cathode and heater Vkf max. 100 V 

Bulb temperature tbulb max. 165 °C 

Frequency (as amplifier) f up to 800 MHz 

OPERATING CHARACTERISTICS 

As R . F . ai-nplifier, grounded grid 

Anode supply voltage Vba 185 175 V 

Grid supply voltage Vbg 8 0 V 

Cathode resistor Rk 800 125 

Anode current Ia 12 12 mA 

Mutual conductance S 14 14 mil/V 

As mixer 

Anode supply voltage Vba 220 V 

Anode resistor Ra 5.6 kS2 

Grid resistor Rg 47 kS2 

Anode current Ia 12 mA 

Grid current Ig 50 µA 
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sz.7 E88C 

S.Q. TUBE 

Special quality triode. Designed for use as grounded grid aerial amplifier for. 
band IV and V. 

QUICK REFERENCE DATA 

Life test 

Low interface resistance 

Mechanical quality 

Base 

10 000 hours 

Shock and vibration resistant 

Noval. Gold plated pins 

Heating Indirect 
A.C. or D.C. ; parallel supply 

Heater voltage Vp 6.3 V 

Heater current 

Anode current 

Mutual conductance 

Noise figure at 850 MHz 

Equivalent noise resistance 

If 165 mA 

Ia 12.5 mA 

S 13.5 mA/V 

F 9.6 dB 

Req 240 S2 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

noxso 

Dimensions in mm 

January 1972 1 



E88C 

CHARACTERISTICS 

Column I Nominal value 
II Range values for equipment design: Initial spread 

I II 

Heater voltage Vf 

Heater current Ip 

6.3 

165 157-173 

~' 

m-~ 

Anode voltage Va 160 V 

Grid voltage -Vg 1.25 V 

Anode current Ia 12.5 m:~ 

Mutual conductance S 13.5 mA/~' 

Amplification factor µ 70 

Internal resistance lii 5.2 k~? 

Equivalent noise resistance Req 240 Sl 

Noise figure F 9.6 dB 

Frequency 850 MHz 

Bandwidth 15 MHz 

Anode supply voltage Vba 170 V 

Cathode resistor Rk 820 <2 

Grid supply voltage +Vbg 9 V 

Anode current Ia 12.5 mA 

Mutual conductance S 13.5 10. ~-16.5 mA/V 

Anode supply voltage Vba 161 V 

Cathode resistor Rk 100 SZ 

Grid supply voltage Vbg 0 V 

Anode current Ia 12.5 9.5-16.1 mA 

Mutual conductance S 13.5 mA/V 

Grid current, negative -Ig max. 0.1 µA 

Leakage current between 
cathode and heater 

Voltage between cathode 
and heater V~ = 125 V 

max. 1J µ 
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CHARACTERISTICS (continued) 

Input series resonance frequency 1) 

Output series resonance frequency 1) 

CAPACITANCES 

Anode to cathode and heater 

Grid to cathode and heater 

Anode to grid 

I 

finp 

foutp 

1700 

1000 

MHz 

MHz 

With screen Without screen 

I II I II 

Ca~~ 50 35- 65 mpF 

Cg~~ 3.8 3.2-4.4 pF 

Cag 1.7 1.4-2.0 1.1 0.9 - 1.3 pF 

SHOCK AND VIBRATIO'_V RESISTANCE 

The following test conditions are applied to assess the mechanical quality of 
the tube. These conditions are not intended to be used as normal operating 
conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested during 10 000 hours under the following condi-
tions: 

Anode supply voltage Vba 170 V 

Grid supply voltage +Vbg 9 V 

Cathode resistor Rk 820 S2 

1) Measured between the tube pin connected to the relevant electrode and a 
metal reference plane placed against the tube bottom. The relevant pin and 
the reference plane are connected to the measuring device so that the mini-
mum distance is obtained between these two connecting points. The remain-
ing tube pins are connected to the reference plane with a negligible impe-
dance. The tube is screened by a cylinder with an internal diameter of 
23 mm placed on the reference plane. 
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LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 400 V 

Va max. 200 V 

Anode dissipation Wa max. 2.6 W 

Cathode current Ik max. 16.5 mA 

Grid voltage -Vg max. 50 V 

Grid disspation Wg max. 50 mW 

Grid resistor Rg max. 1 MS2 

Cathode resistor Rk = 100 S2 

Voltage between cathode and heater 

Cathode positive V~(k+) max. 125 V 

Cathode negative V~(k_) max. 60 V 

Bulb temperature tbulb max. 170 °C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variation of the heater voltage exceeding the range of 6.0 V to 

6.6 V will shorten the tube 

OPERATING CHARACTERISTICS 

Driver or output tube (circuit fig. l) 

life. 

Frequency f 800 MHz 

Bandwidth 8 MHz 

Anode supply voltage Vba 200 V 

Anode resistor Ra 1.5 kS2 

Cathode resistor Rk 150 S2 

Input voltage Vi 
~~ 
0 0.5 1.65 VRMS 

Anode current la 11.4 12.8 mA 

Output voltage Vo 0 2.0 6.0 VRMS 1) 

Inter modulation ratio min. 26 dB 

Sync. impuls compression max.30 

1) Value of the sync. level with video modulation according to CCIR and with 
Z=60 S2. 
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E88CC 

S.Q. TUBE 

Special quality double triode designed for 

Cascode circuits 
H.F. or I.F. amplifiers 
Mixer or phase inverter stages 
Multivibrator and cathode follower in computers 

QUICK REFERENCE DATA 

Life 

Low interface resistance 

Mechanical quality 

Base 

10000 hours 

Shock and vibration resistant 

Noval. Gold plated pins 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 300 mA 

Anode current Ia 15 mA 

Mutual conductance S 12.5 mA/V 

Equivalent noise resistance Req 300 S2 

Noise factor (f = 200 MHz) F 4.6 dB 

DIMENSIONS AND CONNECTIONS Dimensions in mm 

Base: Noval 
max 22.2 

N 
of ~? 
~~ 

~ o 
~ F 

nazss 
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CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design Initial spread 

III Range values for equipment design End of life 

I II III 

Heater voltage Vf 

Heater current If 

6.3 

300 285 - 315 

V 

mA 

Anode supply voltage Vba 100 V 

Grid supply voltage +Vbg 9 V 

Cathode resistor Rk 680 S~ 

Anode current Ia 15 14.2 - 15.8 min. 13.5 mA 

Mutual conductance S 12.5 10.5 - 15 min. 9 mA/V 

Amplification factor µ 33 

Equivalent noise resistance REC{ 300 S2 

Frequency = 45 MHz 

Noise figure F 4.6 dB 

Frequency = 20U MHz 

In cascode circuit adapted 
to minimum noise 

Input resistance rg 3 kS2 

Frequency = 100 MHz 

Start of grid current 
~g 

U. -= VR~ 

Negative grid current —Ig max. 0. 1 max. 1 µA 

Anode voltage Va 90 V 

Anode current Ia 15 mA 

Anode supply voltage Vba 90 V 

Cathode resistor Rk 1'20 S2 

Anode current Ia 12 mA 

Mutual conductance S 11. ~ mA/V 
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E88CC 

CHARACTERISTICS (continued) I II III 

Cut-off voltage -Vg 6.5 

150 

0.1 

5 - 8.5 V 

V 

mA 

Anode voltage Va

Anode current Ia

Difference in grid voltage 
max. 2 max. 2 V of two sections I Vg-Vg ' ~ 

Anode voltage Va = Va' 150 V 

Anode current Ia = Ia ' 0.1 mA 

Anode supply voltage Vba 150 V 

Negative grid voltage -Vg 1~ V 

Anode current Ia max. 5 µA 

In circuitfig.l "pag.7" 

Anode supply voltage Vba 150 V 

Anode current (not permitted 
continuously) Ia 33 28 - 38 mA 

Anode supply voltage Vba 60 V 

Anode current Ia max. 9 mA 

Leakage current between 
max. 6 max. 12 µA cathode and heater I~ 

Voltage between cathode and 
heater = 90 V, cath.neg. 
Voltage between cathode and 
heater = 120 V, cath.pos. 

Insulation resistance between 
min.100 min. 20 MS2 two electrodes Rins 

Voltage between electrodes 
= 200 V 

Hum voltage Vg max. 50 µV g 

Centre heater transformer 
earthed 

Grid resistor Rg = 0.5 MS2 
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E88CC 

CAPACITANCES Both sections if applicable 
I II 

Anode to cathode, heater and screen Ca/kfs 

Ca'/k'fs 

Anode to cathode and heater Ca/~ 

Ca'/k'f 

Grid to cathode, heater and screen Cg/kfs 

Grid to cathode and heater Cg/~ 
1 

Anode to grid Cag

Anode to cathode Cak 

Cathode to heater C~ 

Ck'f 

Anode to screen Cas 

Anode to grid, heater and screen Ca/gfs 

Cathode to grid, heater and screen 

Anode to anode other section 

Grid to grid other section 

Anode to grid other section 

Grid to cathode other section 

SHOCK AND VIBRATION RESISTANCE 

Ca'/g'fs 

Ck/~s 

Caa' 

Cgg~ 

Cagy ' Ca'g 

Cgk'> Cg'k 

1.75 

1.65 

0.5 

0.4 

3.3 

3.3 

1.4 

0.18 

2.6 

2.7 

1.3 

3.0 

2.9 

6.0 

1.55 - 1.95 

1.45 - 1.85 

0.4 - 0.6 

0.3 - 0.5 

2.7 - 3.9 

2.7 - 3.9 

1.2 - 1.6 

0.14 - 0.22 

1.1 - 1.5 

2.7 - 3.3 

2.6 - 3.2 

5.1 - 6.9 

max. 0.045 

max. 0.005 

max. 0.005 

max. 0.005 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

The following test conditions are applied to assess the mechanical quality of 

the tube. These conditions are not intended to be used as normal operating 

conditions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 
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E88CC 

LIFE 

Production samples are tested to be within the end of life values (column IIn 
during 10000 hours under the following conditions: 

Anode supply voltage 

Grid supply voltage 

Cathode resistor 

Vba 

+Vbg

Rk

100 

9 

680 

V 

V 

S2 

Grid resistor Rg 47 kS2 

Voltage between cathode and heater (cath.neg.) V~ 60 V 

Anode current Ia 15 mA 

LIMITING VALUES Design centre rating system 

Anode voltage Vao max. 550 V 

Anode voltage Va max. 400 V 
(Zero cathode current) 

Anode voltage Va max. 220 V 

Anode voltage Va max. 250 V 
(Max, anode dissipation 0.8 W) 

Anode dissipation Wa max. 1.5 W 

Anode dissipation Wa max. 1.8 W 
(Max. anode dissipation 
of section 1 plus section 2 = 2 W) 

Grid dissipation Wg max. 30 mW 

Grid voltage -Vg max. 100 V 

Grid peak voltage -Vgp max. 200 V 
Max. pulse duration 200 µsec 
Max. duty factor 0.1 

Cathode current Ik max. 20 mA 

Cathode peak current Ikp max. 100 mA 
Max, pulse duration 200 µsec 
Max. duty factor 0.1 
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E88CC 

LIMITING VALUES (continued) 

Voltage between cathode and heater 

Cathode positive V~ 

Cathode negative V~ 

Bulb temperature (Absolute max.) tbulb 

Grid resistor Rg
(Anode current < 5 mA) 

max. 150 V 

max. 100 V 

.max. 170 ~C 

max. 1 MS2 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V 
to 6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should betaken in-
to account. 

OPERATING CHARACTERISTICS 

Output tube class A 

Anode voltage Va 220 V 

Load resistance Ra,,, 20 kS2 

Grid voltage -Vg 6.5 V 

Input voltage Vi 0 1.5 4.5 VRMg 

Anode current Ia 6.5 9.2 mA 

Output power Wo 0.05 0.5 W 

Totai distortion dtot 7

Output tube class B (two tubes) 

Continuous single tone input signal 

Anode voltage Va 200 V 

Load resistance Raa,~ 22 kSt 

Grid voltage -Vg 6 V 
~~_ 

Input voltage Vi 0 0.9 4.0 VRMS 

Anode current Ia 2x5 2x9 mA 

Output power Wo 0.05 1.2 W 

Total distortion dtot 3 
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E88CC 

OPERATING CHARACTERISTICS (continued) 

Output tube class B (two tubes) 

Speech and music inputsignal 

Anode voltage Va 200 V 

Load resistance Ra _a~ 10 k2 

Grid voltage -Vgl 6 V 

Input voltage Vi 0 0.9 4.0 VRMS 

Anode current Ia 2x5 2x13.5 mA 

Output power Wo 0.05 1.5 W 

Total distortion dtot 4 °Jo 

Mixer 

Anode supply voltage Vba 60 90 150 V 

Anode resistor Ra 0 1 3.9 k52 

Grid resistor Rg 1 1 1 MS2 

Oscillator voltage Vosc 2 2.5 3 Vg~S 

Anode current Ia 4.7 7.7 11 mA 

Conversion conductance Sc 2.9 3.5 4.1 mA/V 

Internal resistance Ri 8.3 7 6.1 kS2 

a 

Fig.l 
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5920 E90CC 

S.Q. TUBE 

Special quality double triode designed for use in computer circuits. 

QUICK REFERENCE DATA 

Life expectancy 10000 hours 

Low interface resistance 

Base Miniature, 7 pin 

Heating Direct 
A.C. or D.C. 
Series or parallel supply 

Heater voltage V f 6.3 V 

Heater current If 400 mA 

DIMENSIONS AND CONNECTIONS 

max19

~~ 

M 
o~ 
~o cd 
k~ 

D 

]Z03216 

Dimensions in mm 
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E90CC 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf 

Heater current If 

6.3 

400 380 - 420 

V 

mA 

Anode voltage Va 100 V 

Negative grid voltage -Vg Z.1 V 

Anode current Ia 8.5 4.5 - 12.5 mA 

Mutual conductance S 6.0 mA/V 

Amplification factor µ 27 

Anode voltage Va 100 V 

Cathode resistor Rk 250 S2 

Mutual conductance S 6.0 4.5 - 7.5 min. 3.0 mA/V 

Negative grid current -Igl max. 0.2 max.1.0 µA 

Anode supply voltage Vba 150 V 

Anode resistor Ra 20 kS2 

Grid resistor Rg 47 kS2 

Anode current Ia 5.6 5.0 - 6.2 min. 4. 5 mA 

Grid supply voltage Vbg 0 V 

Anode current Ia max. 0.1 max.0.1 mA 

Grid supply voltage -Vbg 10 V 

Difference in grid voltage 
of two sections IVg-Vg~l max. 2 max. 2 V 

Anode current Ia = Ia ' 0.1 V 

Leakage current 
max. 15 max. 30 µA between cathode and heater I~ 

Voltage between cathode and 
heater V~ 100 V 

Insulation between two electrodes Rins .min. 100 min. 20 MS2 

Voltage between electrodes V 300 V 
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E~OCC 

CAPACITANCES Each system if applicable. 
I II 

Anode to cathode and heater Ca/~ 0.35 0.25 - 0.45 pF 

Ca'/ k'f 0.4 0.3 - 0.5 pF 

Grid to cathode and heater Cg/~ 3.4 2.9 - 3.9 pF 

Anode to grid Cag 2.5 2.0 - 3.0 pF 

Grid to heater Cgf max. 0.15 pF 

Cg+f max. 0.3 pF 

Anode to anode other section Caa' max. 1.4 pF 

Grid to grid other section Cgg+ max. 0.22 pF 

Anode to grid other section Cag+ max. 0.35 pF 

Grid to anode other section Cga ~ max. 0.15 pF 

Cathode to heater C~ 6.5 pF 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 10000 hours: 

Ia = 8 mA 

Ia = = 0 mA 

V~ = 100 V (k pos) 
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E90CC 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 600 V 

Va max. 300 V 

Anode dissipation Wa max. 2.0 W 

Grid voltage 
+Vg max. 0 V 
-Vg max. 100 V 

Grid peak voltage -Vgp max. 200 V 

Grid current Ig max. 250 µA 

Grid, peak current 
max. pulse duration 2. 5 msec 

Igp max. 1 mA 

Cathode current Ik max. 15 mA 

Cathode peak current 
max. pulse duration 2 msec 

Ikp max. 75 mA 

Voltage between cathode and heater V~ max. 100 V 

Grid resistor, automatic bias Rg max. 1 MSS 

fixed bias Rg max. 0.5 MS2 

Bulb temperature tbu~ max. 170 °C 

Heater voltage: 'The average heater should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 

6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 
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;534 E130L 

S.Q. TUBE 

Special quality tube designed for use as wide band amplifier, cathode follower, 
series regulator tube for stabilised d.c. supply and output tube. 

Life test 

Mechanical quality 

Base 

Heating 

QUICK REFERENCE DATA 

10000 hours 

Shock and vibration resistant 

Octal 

Indirect 
A.C. or D.C.; parallel supply 

Heater voltage V f 6.3 V 

Heater current If 1.7 A 

Anode current Ia 100 mA 

Mutual conductance S 27.5 mA/V 

Output power, one tube W~~ 11.5 W 

two tubes, class AB Wo 60 W 

DIME[VSIONS AND CONNECTIONS Dimensions in mm 

Base: Octal max 39.7 
9.15 

-'t-1'-

max 43 ~ o:omo 
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CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

1.7 1.62 - 1.78 

V 

A 

Anode voltage Va 250 V 

Grid No.2 voltage Vg2 150 V 

Grid No.l voltage -Vgl 15.5 V 

Anode current Ia 100 mA 

Grid No.2 current Ig2 4 mA 

Mutual conductance S 27.5 mA/V 

Amplification factor 
µg2g1 

6. ~ 

Internal resistance Ri 10 k1Z 

Anode supply voltage Vba 275 V 

Grid No.2 supply voltage Vbg2 180 V 

Positive grid No.l supply 
voltage Vbgl 15. i V 

Cathode resistor Rk 300 S2 

Anode current Ia 100 85 - 115 
decrease
max.40~ 

mA 

Grid No.2 current Ig2 4 max. 6 

decrease 

mA 

Mutual conductance S 27.5 22.5 - 32.5 
max . 30~; 

mA/V 

Negative grid No.l current -Igl max. 0.5 max. 1 µA 

Cut off voltage 

Anode voltage Va 250 V 

Grid No.2 voltage Vg2 150 V 

Anode current Ia 1 mA 

Negative grid No.l voltage -V~.~ max. 30 V 
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CHARACTERISTICS (continued) 
II III 

Insulation resistance 
between one electrode and all 
other electrodes measured 
with V = 400 V Risol min. 100 min. 20 u1S2 

CAPACITANCES Without external shield I II 

Grid No.l to grid No.3, grid No.2, 
cathode and heater Cgl /g3g2kf pF 

Anode to grid No.3, grid No.2, 
cathode and heater Ca/g3g2kf 17 pF 

Anode to grid No. l 
Cagl 

max. 2 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating con-
ditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 

supplied by an NRL shock machine with the hammer lifted over an angle of 30° . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 10000 hours. 

Anode supply voltage Vba 275 V 

Grid No.2 supply voltage Vbg2 180 V 

Grid No.l supply voltage +Vogl 15.7 V 

Cathode resistor Rk 300 S2 

Grid No.l resistor Rgl 47 kS2 

Voltage between cathode and heater 
cathode positive Vkf (k pos) 100 V 
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Grid No.2 voltage 1'g2 max. 550 
0 

Vg2 max. 250 

Grid No.2 dissipation Wg2 max. 5 

Grid No.l voltage -Vgl max. 150 

+Vgl max. 15 

Grid No.l dissipation Wgl~ max. 0.1 

Grid No.l resistor with fixed bias Rgl max. 0.5 

with automatic bias Rgl max. 1.0 

Cathode current Ik max. 300 

Cathode peak current Ikp max. 1.5 

Pulse duration max. 4 ms 

Average value max. 150 mA 

Cathode peak current Ikp max. 4.6 

Pulse duration max. 1.5 µs 

Average value max. 14 mA 

Voltage between cathode and heater 

Cathode positive V~ (k pos) max. 200 

Cathode negative Vkf (k neg) max. 100 

Bulb temperature tbulb max. 225 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 2000 V 

Va max. 900 V 

Anode and grid No.2 voltage Va~.g2 max. 250 V 
(triode connection) 

Anode peak voltage +Vap max. 8000 V 

Pulse duration: 18~ of a cycle 

Anode peak voltage -Vap max. 2000 V 

Anode dissipation Wa max. 27.5 W 

Anode plus grid No.2 dissipation Wa~.g2 max. 27.5 W 
(triode connection) 

V 

V 

W 

V 

V 

W 

MS2 

MS2 

mA 

A 

A 

V 

V 

°C 
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LIMITING VALUES (continued) 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. The tole"range of the heater 

current (column II) should be taken into account. 

OPERATING CHARACTERISTICS 

Output tube class A 

Anode voltage Va 250 V 

Grid No.2 voltage Vg2 150 V 

Grid No.l voltage -Vgl 15.E V 

Load resistance Rati 2.7 kSl 

Input voltage Vi 3.82 VRMS 

Anode current Ia 100 mA 

Grid No.2 current Ig2 18 mA 

Output power Wo 11.5 W 

Total distortion dtot 10 

Output tube class AB (2 tubes) 

Anode voltage Va 300 V 

Grid No.2 voltage Vg2 150 V 

Grid No.l voltage -Vgl 17 V 

Load resistance Raati 1.6 k12 

Input voltage Vi 0 0.24 9.0 VRMS 

Anode current I a 2x80 2x182 mA 

Grid No.2 current Ig2 2x2.5 2x22 mA 

Output power Wo 0 0.05 60 W 

Total distortion dtot 5 
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7062 E180CC 

S.d. TUBE 

Special quality double triode designed for use in computer circuits. 

QUICK REFERENCE DATA 

Life test 10 000 hours 

Low interface resistance 

Base Noval 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 or 12.6 V 

Heater current If 400 or 200 mA 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

max 22 

~zo<ree 

Dimensions in mm 
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E180CC 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage (pin 9 and 4 and 5) Vp 

Heater current If

Heater voltage (pin 4 and 5) Vf

Heater current If

6.3 

400 

12.6 

200 

380-420 

V 

mA 

V 

mA 

Anode voltage Va 150 V 

Grid voltage —Vg 1.85 V 

Anode current Ia 8.5 mA 

Mutual conductance S 6.4 mA/V 

Amplification factor µ 46 

Internal resistance Ri 7.2 kS2 

Anode voltage Va 150 V 

Cathode resistor Rk 220 S2 

Anode current Ia 8.5 6.3 - 10.7 min. 5.0 mA 

Mutual conductance S 6.4 5.3 - 8.1 min. 4.0 mA/V 

Negative grid current —Ig max. 0.2 max.1.0 µA 

Cut off voltage —Vg 7. ~ V 

Anode voltage Va 1~0 V 

Anode current Ia max. 150 max. 150 µA 

Difference in grid voltage 
max. 2 max. 2 V of 2 sections I Vg-Vg'I 

Anode voltage Va 150 V 

Anode current Ia 0.15 mA 
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E180CC 

CHARACTERISTICS (continued) 

I II III 

Anode voltage Va

Grid voltage —Vg

Anode current Ia

Mutual conductance S 

Amplification factor µ 

Internal resistance Ri

100 

0.8 

8.5 

7.8 

50 

6.4 

V 

V 

mA 

mA/V 

kS2 

Anode voltage Va

Grid supply voltage +Vbg

Grid resistor Rg

Anode current Ia

100 

100 

0.5 

17.8 13.6 - 22.0 min.9.5 

V 

V 

MS2 

mA 

Leakage current between 
max. 15 max. 30 µA cathode and heater Ikf 

Voltage between cathode 
and heater Vkf = 200 V 

Series resistor = 1 MS2 

Insulation resistance between 
min. 100 min. 20 MS2 two electrodes 

Voltage between electrodes 
V=275V 

CAPACITANCES Without external screen 

Each system if applicable I II 

Anode to cathode and heater Ca/~ 0.5 0.3 - 0.7 pF 

Anode to cathode and heater Ca'/k'f 0.45 0.25 -0.65 pF 

Grid to cathode and heater Cg/kf 3.5 3.0 - 4.0 pF 

Anode to grid Cag 2.2 1.8 - 2.6 pF 

Anode to grid Ca+gr 2.3 1.9 - 2.7 pF 

Cathode to heater C~ 3.5 pF 

Anode to anode other section Caa' max. 1.3 pF 

Grid to grid other section Cgg+ max. 0.06 pF 
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E180CC 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 10000 hours. 

Anode supply voltage Vba 150 V 

Grid supply voltage Vbg 150 V 

Anode resistor Ra 2.6 kSZ 

Grid resistor Rg 1.5 MS2 (Ig = 100 µA) 

Voltage between cathode and heater (k pos) Vkf 200 V 

LIMTTING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 600 V 

Va max. 275 V 

Anode dissipation Wa max. 2.0 W 

Grid, voltage -V g' 
max. 100 V 

Grid, peak voltage -Vgp max. 200 V 

Max. pulse duration = 10 µs 

Max. duty factor = 0.01 

Grid voltage +Vg max. 1 V 

Grid current Ig max. 2 mA 

Grid, peak current Ig max. 50 mA 
P 

Max. pulse duration = 10 µs 

Max. duty factor = 0.01 

Cathode current Ik max. 20 mA 

Cathode, peak current Ikp max. 200 mA 

Max. pulse duration = 10 µs 

Max. duty factor = 0.01 
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E180CC 

LIMITING VALUES (continued) 

Voltage between cathode and heater, 

Cathode positive (k pos.) Vkf 

Cathode negative (k neg.) Vkf 

Grid resistor with fixed bias Rg

with automatic bias Rg

Bulb temperature tbulb 

max. 200 V 

max. 100 V 

max. 0.5 MS2 

max. 1.0 MS2 

max. 170 ° C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V 
to 6.6 V will shorten the tube life. 
The tolerance of the heater current (column II) should be taken 
into account. 
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66i~5 E180F 

S.Q. TUBE 

Special quality pentode designed for use as wide band amplifier. 

Life test 

Low interface resistance 

Mechanical quality 

Base 

Heating 

QUICK REFERENCE DATA 

10000 hours 

Shock and vibration resistant 

Noval. Gold plated pins 

Indirect 
A.C. or D.C. ; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 300 mA 

Anode current Ia 13 mA 

Mutual conductance S 16. ~ mA/V 

Equivalent noise resistance Req 330 S2 

Hum voltage Vgl max. 10p ,uV 

DIMENSIONS AND CONNECTIONS Dimensions in mm 

Base: Noval 

mdx22 

M~ 
v 

~ o 
E 

~uuuuo  "~
7204050 
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E180F 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

Heater voltage 

Heater current 

Anode supply voltage 

Grid No.3 voltage 

Grid No.2 supply voltage 

Grid No.l supply voltage 

Cathode resistor 

Anode current 

Grid No.2 current 

Mutual conductance 

Amplification factor 
grid No.2 to grid No.l 

Internal resistance 

Equivalent noise resistance 

Negative grid No. 1 current 

L'quivalent grid hum voltage 

Grid resistor Rgl = 0.5 MS2 

Centre tap of heater trans-
former grounded 

Distortion 

Load resistor R a = 1 kS2 

Input voltage Vi = 100 mVRM 

Cathode heating time 

I II III 

Vf 6.3 V 

If 300 285- 315 mA 

Vba 190 V 

Vg3 0 V 

Vbg2 160 V 

Vbgl 9 V 

R k 630 S2 

Ia 13 12.2-13.8 inin.11.5 mA 

Ig2 3.3 2.9- 3.7 mA 

S 16.5 14.2-18.8 min. 11 mA/V 

µg281 
50 

Ri 90 min. 45 kSt 

R eq 330 max. 650 S2 

-Igl max. 0.5 max. 1.0 µA 

Vgl max. 100 µ VRMS 

d2 i . 6 °~~ 

12 max. 18 sec 
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CHARACTERISTICS (continued) 

I II 

ilnode supply voltage Vba

Grid No.3 voltage Vg3

Grid No.2 supply voltage Vbg2

Cathode resistor R k

Anode current Ia

Grid No.2 current Ig2

Mutual conductance S 

180 

0 

150 

100 

11.5 

2.9 

15.5 

V 

V 

V 

S2 

mA 

mA 

mA/V 

Cut-off voltage -Vgl rnax.4.5 V 

Anode voltage Va 180 V 

Grid No.2 voltage Vg2 150 V 

Grid No.3 voltage Vg3 0 V 

Anode current Ia 0.8 mA 

Start of grid No.l current -Vgl max.0.5 V 

Grid No, l current Igl = 0.3µA 

Input resistance rgl 2000 S2 

Frequency = 100 MHz 

Phase angle of the slope 9 ° 

Frequency = 50 MHz 

Pin 1 connected to pin 3 

Leakage current between 
max. 15 µA cathode and heater Ikf 

Voltage between cathode 
and heater Vkf = 60 V 

Insulation resistance between 
min. 20 MS2 two electrodes 
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CHARACTERISTICS AS TRIODE 
(g2 connected to anode) I II 

Anode supply voltage Vba 160 V 

Grid No.3 voltage Vg3 0 V 

Grid No.l voltage +Vo
gl

9 V 

Cathode resistor R k 620 S? 

Anode current Ia 16.J mA 

Mutual conductance S 21 mA/ V 

Amplification factor µ 50 

Internal resistance Ri 2.4 kS2 

Equivalent noise resistance R eq 225 S2 

CAPACITANCES . With external shield 

Anode to grid No.3, grid No.2, 
cathode and heater Ca/g3g2kf 3 2.5 - 3.5 PF 1) 

Grid No. 1 to grid No.3, grid No.2, 

cathode and heater 

(Ik = 0 mA) 
Cgl/g3g2kf 7.5 6.6 - 8.4 PF 1) 

(Ik = 16.3 mA, f = 100 MHz) 
Cgl/g3g2kf 11.1 PF 1) 

Anode to grid No.l Cagl
0.018 max .0.03 pF 

Anode to cathode Cak max. 0.1 pF 

Grid No.1 to heater Cg
lf

max. 0.1 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal•operatingconditions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 

supplied by an NRL shock machine with the hammer lifted over an angle of 30° . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

 iP in No.6 left floating 
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LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 10 000 hours . 

Anode supply voltage 

Grid No.3 voltage 

Grid No.2 supply voltage 

Grid No.l supply voltage 

Cathode resistor 

LIMITING VALUES (Absolute max. rating system) 

Vba

Vg3

Vbg2

+Vbg 
1 

R k

190 

0 

160 

9 

630 

V 

V 

V 

V 

S2 

Anode voltage Vao max. 400 V 

Va max . 210 V 

Anode dissipation Wa max. 3 W 

Grid No.2 voltage Vg2o max. 400 V 

Vg2 max. 175 V 

Grid No.2 dissipation Wg2 max. 0.9 W 

Cathode current I k max. 25 mA 

Grid No.l voltage +Vgl max. 0 V 

-Vgl max. 50 V 

Grid No.l peak voltage -Vgl max. 100 V 
P 

Grid resistor, fixed bias Rgl max. 0.25 MS2 

automatic bias Rgl max. 0.5 MS2 

Voltage between cathode and heater Vkf max. 60 V 

Bulb temperature tbulb max. 155 oC 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 
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;119 E18~CC 

S.Q. TUBE 

Special quality double triode designed for use in computer circuits. 

QUICK REFEREA'CE DATA 

Life test 

Low interface resistance 

Base 

Heating 

Heater voltage 

Heater current 

Anode current 

Mutual conductance 

10000 hours 

Noval 

Indirect 
A.C. or D.C.; Parallel supply 

Vf 

Ip 

Ia

S 

6.3 or 12.6 V 

640 or 320 mA 

36 mA 

15 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

max22 

M 
coo 

O 
E 

n 

k 
O 
E 

Dimensions in mm 
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E182CC 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of Life 

I II III 

Heater voltage (pin 8 and 4+ 5) Vf 

Heater current If

Heater voltage (pin 4 and 5) Vf

Heater current If

6.3 

640 

12.6 

320 

605- 675 

V 

mA 

V 

mA 

Anode voltage Va 120 V 

Grid voltage -Vg 2 V 

Anode current Ia 36 26- 45 mA 

Mutual conductance 5 15 mA/V 

Amplification factor µ 24 

Negative grid current -Ig max. 0.2 max.l .0 µA 

Anode voltage Va 120 V 

Cathode resistor R k 55 S2 

Mutual conductance S 15 11.2-18.8 min. 8 mA/V 

Anode voltage Va 90 V 

Grid current Ig 250 µA 

Anode current Ia 41- 62 min. 24 mA 

Cut-off voltage -Vg 14 V 

Anode voltage Va 150 V 

Anode current Ia max. 0.2 mA 

Leakage current between 
max. 15 max. 30 µA cathode and heater I~ 

Voltage between cathode 
and heater = 200 V 

Insulation resistance between 
min. 100 min. 20 MS2 two electrodes 
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E182CC 

LSAPACTTANCE$ Each system if applicable 
I II 

Anode to cathode and heater Ca/kf 1.1 0.75-1.45 pF 

Ca'/k'f 1.0 0.65-1.35 pF 

Grid to cathode and heater Cg/kf 6.0 5.3- 6.7 pF 

Anode to grid Cag 4.0 3.4- 4.6 pF 

Ca.g~ 4.1 3.4- 4.8 pF 

Cathode to heater Ckf 4.0 pF 

Anode to anode other section Caa' 0.6 max. 0.8 pF 

Grid to grid other section Cgg~ max._0.15 pF 

Anode to grid other section Cagy max. 0.1 pF 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10000 hours under the following conditions. 

Anode supply voltage Vba 150 V 

Anode resistor Ra 1.5 kSl 

Grid supply voltage Vbg 150 V 

Grid resistor Rg 62 kS2 

Voltage between cathode and 
heater (cath. neg.) Vkf 120 V 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao ' max . 600 V 

Va max . 300 V 

Anode dissipation Wa max. 4.5 W 

Anode dissipation (both sections) y+'a+a' max. 8.0 W 

Grid voltage -Vg max. 100 V 

+ Vg max . 1 V 
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E1$2CC 

LIMTY'ING VALUES (continued) 

Grid voltage, peak +Vgp max. 30 V 

-Vgp max. 200 V 

Pulse duration max. 10µs 

Duty factor max. 0.01 

Grid current Ig max. 8 mA 

Grid peak current Igp max. 200 mA 

Pulse duration max. 10µs 

Duty factor max. 0.01 

Cathode current Ik max. 60 mA 

Cathode peak current Ikp max. 400 mA 

Pulse duration max. 10µs 

Duty factor max. 0.01 

Voltage between cathode and heater Vk{ max. 200 V 
d.c. component V~ max. 120 V 

Bulb temperature tbulb mom• 160 °C 

Grid resistor with automatic bias Rg max. 1 MS2 

Grid resistor with fixed bias Rg max. 0.5 MS2 

Heater voltage: The average heater voltage should be 6.3/12.6 V. 
Variations of the heater voltage exceeding the range of 6.0/ 
12.0 V to 6.6/13.2 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 
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7737 E186F 

S.Q. TUBE 

Special quality pentode designed for use as broad band amplifier. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Mechanical quality Shock and vibration resistant 

Low microphony level 

Base Noval 

Heating Indirect 
a.c. or d.c. ; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 320 mA 

Anode current Ia 13 mA 

Mutual conductance S 16.5 mA/ V 

Equivalent noise resistance Req 330 S? 

Hum voltage Vgl <100 µ V 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

max22

r 

k 
O 

UU U UU ,=o,,.~ 

v 
k 
O 

Dimensions in mm 
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E186F 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II ]II 

Heater voltage Vf

Heater current If

6.3 

320 300- 340 

~' 

n~_~ 

Anode supply voltage Vba 190 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 supply voltage Vbg2 160 V 

Grid No.l supply voltage +Vogl 9 V 

Cathode resistor Rk 630 S2 

Anode current Ia 13 12.2-13.8 min.11.5 mA 

Grid No.2 current 
Ig2 

3.3 2.9- 3.7 mA 

Mutual conductance S 16.5 14.2-18.6 min. 11 mA/V 

Amplification factor 
grid No.2 to grid No.l µg2g1 53 

Internal resistance Ri 100 kSi 

Equivalent noise resistance Req 330 Sl 
frequency 45 MHz 

Negative grid No.l current -Igl max. 0.2 max.0.5 µA 

Anode supply voltage Vba 180 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 supply voltage Vbg2 150 V 

Cathode resistor Rk 100 S2 

Anode current Ia 11 .5 mA 

Grid No.2 current Ig2 2.9 mA 

Mutual conductance S 15.5 mA/V 
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E186F 

CHARACTERISTICS (continued) I II III 

Cut-off voltage —Vgl 4.5 

180 

0 

150 

max.0.8 

~' 

V 

V 

V 

mA 

Anode voltage Va

Grid No.3 voltage Vg3

Grid No.2 voltage Vg2

Anode current Ia

Leakage current between 
mus. 10 max.20 µA cathode and heater I~ 

Voltage between cathode and 
heater V~ = 100 V 

Insulation resistance between 
min. 100 min. 50 MS? two electrodes Rins 

Voltage between electrodes = 100 V 

Hum voltage Vgl max.100 µV 

Grid No.l resistor Rgl = 0.5 MS2 

Centre tapping of heater trans-
former grounded 

Cathode resistor by-passed 

Vibrational noise output 

max.500 

max.200 

mV~S 

mV~~ 

With vibration frequency = 50-2000 Hz Vgl

With vibration frequency = 50 Hz Vgl

Anode supply voltage Vba = 216 V 

Anode resistor Ra = 2 kS2 

Grid No.2 supply voltage Vbg2 = 160 V 

Grid No.3 voltage Vg3 = 0 V 

Cathode resistor R k = 630 S2 
(not by-passed) 

Grid No. l supply voltage + Vbgl = 9 V 

Acceleration (peak value) = 10 g 
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E186F 

CAPACITANCES .With external shield 

Anode to No.3, No.2 
I II 

grid grid 
cathode, heater and screen C

a/g3g2kfs 3.45 pF 

Grid No.l to grid No.3, grid No.2 
cathode, heater and screen 

Cgl/g3g2kfs
-.~ pF 

Anode to grid No.l 
Cagl 

max.0.03 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30° . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 10000 hours. 

Anode supply voltage Vba 190 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 160 V 

Grid No.l supply voltage +Vbgl 9 V 

Cathode resistor Rk 630 S2 

Voltage between cathode and 
heater (cathode negative) Vkf 70 V 
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E186F 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 400 V 

Va max. 210 V 

Anode dissipation Wa max. 3 W 

Grid No.2 dissipation Wg2 max. 0.7 W 

Grid No.2 voltage Vg2o max. 400 V 

Vg2 max. 175 V 

Grid No.l voltage 

positive +Vgl max. 0 V 

negative -Vgl max. 50 V 

negative peak -Vglp max. 100 V 

Grid No.l resistor 

fixed bias Rgl max. 0.25 MSl 

automatic bias Rgl max. 0.5 MS2 

Cathode current Ik max. 25 mA 

Voltage between cathode and heater Vkf max. 60 V 

Bulb temperature tbulb max. 165 °C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variation of the heater voltage exceeding the range of 6.0 V to 

6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account . 
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30ii E188CC 

S.D. TUBE 

Special quality double triode designed for use as cascode amplifier, cathode fol-
lower etc . in R . F . and A. F . circuits . 

QUICK REFERENCE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval. Gold plated pins 

Heating Indirect 
A. C . or D. C . ; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 335 mA 

Anode current Ia 15 m.A 

Mutual conductance S 12.5 mA/ V" 

Equivalent noise resistance R eq 250 S2 

Noise factor (f = 200 MHz) F 4.6 dB 

Hum voltage Vg max . 50 µVRMS 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

723150 

Dimensions in mm 
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E188CC 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design. End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

335 318- 352 

V 

mA 

Anode supply voltage Vba 100 V 

Grid supply voltage + Vbg 9 V 

Cathode resistor R k 680 S2 

Anode current Ia 15 14.2-15.8 min.13.5 mA 

Mutual conductance S 12.5 10.5-14.5 min. 9 mA/V 

Amplification factor µ 33 

Negative grid current -Ig max. 0. 1 max. 1.0 µA 

Equivalent noise resistance R eq 250 S2 

Frequency f = 45 MHz 

Noise factor in cascode circuit, 
4.6. dB adapted to minimum noise F 

Frequency f = 200 MHz 

Input resistance rg 3 kS2 

Frequency f = 100 MHz 

Cut off voltage -Vgl 15 V 

Anode voltage Va 150 V 

Anode current Ia max. 5 mA 

Anode supply voltage Vba 90 V 

Cathode resistor R k 120 S2 

Anode current Ia 12 mA 

Mutual conductance S 11.5 mA/V 
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E188CC 

CHARACTERISTICS (continued) 

Leakage current between 
I II III 

max. b max. 12 µA cathode and heater Ikf 

Voltage between cathode and 
heater V~ = 60 V (k neg) 

or = 120 V (k pos) 

Insulation resistance 
min. 100 min. 20 MS2 between two electrodes R 

Voltage between electrodes V = 200 V 

Hum voltage Vg max. 50 µU s

Grid resistor Rgl = 0.5 MS2 

Vibrational noise output Vg max. 100 mV 

Anode supply voltage Vba = 100 V 

Anode resistor Ra = 2 kS2 

Grid supply voltage +Vbg = 9 V 

Cathode resistor Rk = 680 S2 
(by passed) 

Vibration frequency f = 10-50 Hz 

Acceleration = 2.5 g 

Vibrational noise output V~ max. 140 mV 

Anode supply voltage Vba = 270 V 

Anode resistor Ra = 18 kS2 

Grid resistor Rg = 1 MS2 

Cathode resistor Rk = 180 S2 

By pass capacitor Ck = 50µF 

Vibration frequency f = 50-5000 Hz 

Acceleration = 0.5 ~ 
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E188CC 

CAPACITANCES. Both sections if not otherwise indicated. 

I II 

Anode to cathode, heater and screen Ca/kfs 1.75 1 .55 - 1.95 pF 

Ca'/k'fs 1.65 1.45 - 1 .85 pF 

Anode to cathode and heater Ca/kf 0.5 0.4 - 0.6 pF 

Ca'/k'f 0.4 0.3 - 0.5 pF 

Grid to cathode, heater and screen Cg/kfs 3.3 2.7 - 3.9 pF 

Grid to cathode and heater Cg/kf 3.3 2.7 - 3.9 pF 

Anode to grid Cag 1 .4 1 .2 - 1 .6 pF 

Anode to cathode Cak 0.18 0.14 - 0.22 pF 

Cathode to heater Ckf 2.6 pF 

Ck'f 2.7 pF 

Anode to screen Cas 1.3 1.1- 1.5 pF 

Anode to grid, heater and screen Ca/gfs 3.0 2.7 - 3.3 pF 

Ca'/gfs ?" . 9 2.6 - 3.2 pF 

Cathode to grid, heater and screen Ck/gfs 6.0 5.1 - 6.9 pF 

Anode to anode other section Caa ' 0.025 max.0.045 pF 

Grid to grid other section Cgg' max.0.005 pF 

Anode to grid other section Cagy max.0.005 pF 

Grid to anode other section Cga ' max.0.005 pF 

Grid to cathode other section Cgg' max.0.005 pF 

Cathode to grid other section Ckg' max.0.005 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 
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E188CC 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 10 000 hours . 

Anode supply voltage Vba 100 V 

Grid supply voltage +Vbg 9 V 

Cathode resistor Rk 680 S2 

Grid resistor Rg 47 kS2 

Cathode to heater voltage 
(k neg) V~ 60 V 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max . 550 V 

Va max . 250 V 

Anode voltage (Zero anode current) Va(Ia = 0) max. 400 V 

Anode dissipation Wa max. 1.65 W 

Wa max. 2.0 W 

Both sections Wa+a' max. 2.2 W 

Grid dissipation Wg max. 30 mW 

Grid voltage -Vg max. 110 V 

Grid peak voltage -Vgp max. 200 V 

Pulse duration max. 200µs 

Duty factor max. 0.1 

Cathode current Ik max. 22 mA 

Cathode peak current Ikp max. 110 mA 

Pulse duration max. 200 µs 

Duty factor max . 0.1% 

Voltage between cathode and heater 

cathode positive Vkf(k pos) max. 150 V 

cathode negative Vkf(k neg) max. 100 V 

Bulb temperature tbulb max. 165 ° C 

Grid resistor with fixed bias Rg max. 0.5 MSl 

with automatic bias Rg max. 1.0 MS2 

December 1968 5 



E~88+CC 

LIMITING VALUES (continued) 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 

OPERATING CHARACTERISTICS 

Additive mixer 

Anode supply voltage Vba 60 90 150 V 

Anode resistor Ra 0 1 3.9 kSt 

Grid resistor Rg 1 1 1 M<2 

Grid oscillator voltage Vosc 2 2.5 3 VgMS 

Anode current Ia 4.7 7.7 11 mA 

Conversion conductance Sc 2.9 3.5 4.1 mA/V 

Internal resistance Ri 8.3 7 6.1 kS2 

Output tube class A 

Anode voltage Va 220 V 

Load resistance Ram 20 kS2 

Negative grid voltage -Vg 6.~5 V 

Input voltage Vi 0 1.5 4.5 VAS

Anode current Ia 6.5 - 9.2 mA 

Output power Wo - 0.05 0.5 W 

Total distortion dtot 7 °~o 

Output tube class B (two units). Constant sinusoidal input voltage (single tone). 

Anode voltage Va 200 V 

Load resistance Raa 22 kS2 ti
Negative grid voltage -Vg 6 V 

Input voltage Vi 0 0.9 4.0 VAS

Anode current Ia 2x5 - 2x9 mA 

Output power Wo - 0.05 1.2 W 

Total distortion dtot - - 3 

6 December 1968 



E188CC 

OPERATING CHARACTERISTICS (continued) 

Output tube class B (two units). Speech and music input voltage 

Anode voltage 

Load resistance 

Negative grid voltage 

Input voltage 

Anode current 

Output power 

Total distortion 

Va 200 V 

Raa ti 10 kS2 

-Vg 6 V 

V i 0 0.9 4.0 VRMS 

Ia 2x5 - 2x13.5 mA 

Wo - 0.05 1.5 W 

dtot - - 4 
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MAINTENANCE TYPE E235L 

S.D. TUBE 

Special quality tube designed for use as wide band amplifier, power output tube 
and series regulator tube. 

QUICK REFERENCE DATA 

Life test 10 000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Octal 

Heating Indirect 

Heater voltage 

Heater current 

Anode current 

Mutual conductance 

Output power. Class B (two tubes) 

A.C. or D.C. ; Parallel supply 

Vf 6.3 V 

If 1.2 A 

Ia 100 mA 

S 14 mA/V 

Wo 30 W 

DIMENSIONS AND CONNECTIONS 

Base: Octal 

Dimensions in mm 
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E235L 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current Ip 

6.3 

1.2 1.12-1.28 

V 

A 

Anode voltage Va 100 V 

Grid No.2 voltage Vg2 100 V 

Cathode resistor Rk 75 S2 

Anode current Ia 100 85- 118 min. 65 mA 

Grid No.2 current Ig2 5.2 4.0- 6.5 mA 

Mutual conductance S 14 11.5-16.5 min. 9.5 mA/V 

Amplification factor 
µg2gi 

5.6 

Internal resistance Ri 5.0 kS? 

Cut off voltage -Vgl 35 V 

Anode current Ia 0.1 mA 

Negative grid current -Igl max. 1 max. 2 µA 

As triode. (Grid No.2 connected to anode) 

Anode voltage Va i00 V 

Cathode resistor Rk 85 S2 

Anode current Ia 100 mA 

Mutual conductance S 14 mA/V 

Amplification factor µ 5.2 

Internal resistance R i 0.35 kSl 

Insulation resistance between; 

Anode and other electrodes Rins min. 100 MSt 

Grid No.l and other electrodes Rins min. 100 MS2 

Leakage current between 
max. 20 µA cathode and heater Itif 
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E235L 

CAPACITANCES 

Anode to No.2, No.3, 
I II 

grid grid 
cathode and heater 

Ca/g2g3~ 
9 8- 10 pF 

Grid No.l to grid No.2, grid No.3, 
cathode and heater Cgl /g2g3kf 18 16.5-19.5 pF 

Anode to grid No.l 
Cagl 

max. 1.2 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10 000 hours 

LIMTITNG VALUES (Absolute max. rating system) 

Anode voltage Vao max. 650 V 

Va max . 400 V 

Anode dissipation Wa max. 15 W 

Anode +grid No.2 dissipation Wa+g2 max. 16 W 

Grid No.2 voltage Vg2o max. 650 V 

Vg2 max . 300 V 

Grid No.2 dissipation Wg2 max. 5.5 W 

Grid No.l resistor Rgl max. 0.5 MS2 

Cathode current Ik max. 220 mA 

Tav =l0 ms 

0 
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E235L 

LIMITING VALUES (continued) 

Cathode peak current Ikp max. 1.2 A 

Voltage between cathode and heater 

cathode positive Vkf(kpos) max. 250 V 

cathode negative V~ (k neg) max . 200 V 

Bulb temperature [bulb max. 220 °C 

Heater voltage: The average heater value should be 6.3 V. 

Variation of the heater voltage exceeding the range of 6.0 V to 

6.6 V will shorten the tube life. 

The tolerance of heater current should be taken into account. 

OPERATING CHARACTERISTICS 

Output tube. Class B (two tubes). Excitation up to maximum output is contin-

uously permitted. 

Anode voltage 

Grid No.2 voltage 

Grid No.l voltage 

Va

Vg2

-Vgl

250 

170 

34 

V 

V 

V 

Load resistor Raati 3 kS2 

Grid No.2 resistor R g2 2x0.5 kf2 1) 

Input voltage Vi

.~_ 
0 22 VRMS 

Anode current Ia 2x12 2x94 mA 

Grid No.2 current Ig2 2x1 2x28 mA 

Output power Wo 0 30 W 

Total distortion dtot - 6 °~o 

1) To avoid overloading of grid No.2 this resistor should not be by-passed. 

4 MAINTENANCE TYPE December 1968 



E235L 
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E235L 
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MAINTENANCE TYPE E236L 

S.Q. TUBE 

Special quality output pentode designed for use as line output tube, power out-
put tube, wide band amplifier and series regulator tube. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Octal 

Heating Indirect 
A.C. or D.C. ; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 1.2 A 

Anode current Ia 100 mA 

Mutual conductance S 14 mA/V 

Output power. Class B (2 tubes) Wo 30 W 

DIMENSIONS AND CONNECTIONS 

Base: Octal 

I 

6.35 

0 
X 
O 
E 

E 

~ ' 
~max33 ~ ' s°" s°

Dimensions in mm 
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E236L 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 

III Range values for equipment design: End of life 

I II III 

Heater voltage V f 

Heater current If 

6.3 

1.2 1.12 - 1.28 

V 

A 

Anode voltage Va 100 V 

Grid No.2 voltage Vg2 100 V 

Cathode resistor Rk 75 S2 

Anode current Ia 100 85 - 118 min. 65 mA 

Grid No.2 current Ig2 5.2 4.0 - 6. 5 mA 

Mutual conductance S 14 11.5 - 16.5 min. 9. ~ mA/V 

Amplification factor µg281 5.6 

Internal resistance Ri 5.0 k 

Cut-off voltage -Vgl 35 ~' 

Anode current Ia 0.1 mA 

Negative grid No.l current -Igl max. 1 .max. 2 µA 

Cut-off voltage -Vgl max. 120 V 

Anode voltage Va 7 kVp

Grid No.2 voltage Vg2 190 V 

Cathode current Ik 60 µA 

As triode (grid No. 2 connected to anode) 

Anode voltage Va 100 V 

Cathode resistor Rk 85 S2 

Anode current Ia 100 mA 

Mutual conductance S 14 mA/V 

Amplification factor µ 5.2 

Internal resistance R; 350 St 
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E236L 

CHARACTERISTICS (continued) 

Insulation resistance between: 
II 

Anode and other electrodes Rin s min. 100 MS2 

Grid No. l and other electrodes Rins min. 100 MSZ 

Leakage current between 
max . 20 µA cathode and heater I~ 

CAPACITANCES 
I II 

Anode to grid No.2, grid No.3, 

cathode and heater 
Ca~g2g3~ 

10 9 - 11 pF 

Grid No.l to grid No.2, grid No.3, 
cathode and heater Cgl~gZg3kf 19 17.5 - 20.5 pF 

Anode to grid No. l 
Cagl 

max. 1.1 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of 
the tube. These conditions are not intended to be used as normal operating 
conditions. 

Shock 

The tube is subjected 5 times in each 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10000 hours. 
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E236L 

LIMTTING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 650 V 

Va max. 400 V 

Anode peak voltage +Vap max. 7 kV 

-Vap max. 1.5 kV 

Pulse duration =max. 18 µsec 

Duty factor =max. 0.22 

Anode dissipation Wa max. 15 W 

Anode +grid No.2 dissipation Wa-{g2 max. 16 W 

Grid No.2 voltage Vg2o max. 650 V 

Vg2 max. 300 V 

Grid No.2 dissipation Wg2 max. 5.5 W 

Grid No.2 dissipation during heating 
up of EHT diode Wg2 max. 7.0 W 

Grid No. l peak voltage -Vglp max. 1 kV 

Pulse duration =max. 18 µsec 

Duty factor =max. 0.22 

Grid No.l resistor Rgl max. 0.5 MS2 

Grid No.l resistor in line output 
circuits Rgl ma.x. 2.2 MSt 

Cathode current Ik max. 220 mA 

Cathode peak current Ikp max. 1.2 A 

Averaging time =max. 10 msec 

Voltage between cathode and heater 

Cathode positive Vk{ (k pos) max. 250 V 

Cathode negative V~ (k neg) max. 200 V 

Bulb temperature tbulb max. 220 oC 

Heater voltage: The average heater value should be 6.3 V. 
Variation of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of heater current should be taken into account. 
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E236L 

OPERATING CHARACTERISTICS 

Output tube class B (2 tubes) Excitation to maximum output is continuously per-
mitted. 

Anode voltage 

Grid No.2 voltage 

Grid No.l voltage 

Load resistance 

Grid No.2 resistor 

Input voltage 

Anode current 

Grid No.2 current 

Output power 

Total distortion 

Va 250 V 

Vg2 170 V 

-Vgl 34 V 

Raa ~ 3 kSt 

ltg2 2x0.5 kSZ 1) 
~---^ 

Vi 0 22 VRMS 

Ia 2x12 2x94 mA 

IS2 2x1 2x28 mA 

Wo 0 30 W 

dtot 6 °Io 

1) To avoid overloading of grid No.2 this resistor should not be by-passed. 
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7206 715-5. Cce i2 

I~ 

---I gz 

1

 11 

~_t: .~: 

~= 

~~  
—50 Vg~(V) —40 

I 

—30 

w 

r~~ 

—20 

700 

I 

(mA) 

600 

500 

400 

300 

200 

>— o~ goo 
a 

j J~9r-~~200V 
~jr 170V 
~OOV 

—70 00

6 MAINTENANCE TYPE December 1968 



~~z2 E280F 

S.D. TUBE 

Special quality pentode designed for use as wide band amplifier. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval. Gold plated pins 

Heating Indirect 
A.C. or D.C.; Parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 315 mA 

Anode current Ia 20 mA 

Transconductance S 26 mA/ V 

Equivalent noise resistance Req 220 S? 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

max22 

Dimensions in mm 
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E280F 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

315 299- 331 

V 

mA 

Anode supply voltage Vba 190 V 

Grid No.2 supply voltage Vbg2 160 V 

Grid No.3 voltage Vg3 0 V 

Grid No.l supply voltage +Vogl 8 V 

Cathode resistor R k 370 S2 

Anode current Ia 20 18.8-21.2 min. 17 mA 

Grid No.2 current 
Ig2 

6 5.3- 6.7 mA 

Mutual conductance S 26 22- 30 min.17. ~ mA/V 

Internal resistance Ri 100 kS2 

Amplification factor µg281 60 

Negative grid current —Igl max. 0.3 max. 1.0 µA 

Equivalent noise resistance R eq 220 S2 

Input resistance 
rgl 

1.4 kS2 

Pin 1 connected to pin 3 

Frequency 100 MHz 

S/C 2.2 mA/V/pF 

S/21t'(Cg+Ca +S pF) 180 MHz 

Anode supply voltage Vba 180 V 

Grid No.2 supply voltage Vbg2 150 V 

Grid No.3 voltage Vg3 0 V 

Cathode resistor Rk 80 S2 

Anode current Ia 17 mA 

Grid No.2 current Ig2 5.1 mA 

Mutual conductance S 24.5 mA/ V 
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E280F 

CHARACTERISTICS (continued) 

As triode (grid No.2 connected to anode, 
grid No.3 connected to cathode) I 

Anode supply voltage Va

+ VbglGrid No.l supply voltage 

Cathode resistor 

Anode current 

Mutual conductance 

Internal resistance 

Amplification factor 

Equivalent noise resistance 

CAPACITANCES 

Grid No.l to grid No.2, 
grid No.3, cathode, 
heater and screen 

Anode to grid No.2, 
grid No.3, cathode, 
heater and screen 

Anode to grid No. l 

Grid No.l to grid No.2, 
grid No.3, cathode, 
heater and screen 
Cathode current 

Ik=26mA 

Rk

Ia

S 

Ri 

µ 

R eq 

160 

8 

-100 

24 

33 

1.8 

60 

100 

V 

V 

S2 

mA 

mA/ V 

kSZ 

S2 

Without external 
shield 

With external 
shield 

I II I II 

'gl/g2g3kfs 9.3 8.3-10.3 9.4 8.4-10.4 pF 

~a/g2g3kfs 2.6 2.3- 2.9 3.6 3.2- 4.0 pF 

~agl max. 35 max. 30 mpF 

~gl/g2g3kfs 15.5 1.5.6 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions. 

Shot k 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 
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E280F 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10000 hours. 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Va
0 

max. 400 V 

Va max. 220 V 

Anode dissipation Wa max. 4 W 

Grid No.2 voltage Vg2o max. 400 V 

Vg~ max. 180 V 

Grid No.2 dissipation Wg2 max. 1.1 W 

Cathode current Ik max. 30 mA 

Grid No.l current Igl max. 5 mA 

Grid No.l voltage negative —Vgl max. 50 V 

positive +Vgl max. 2 V 

Grid No.l resistor Rgl max. 0.5 MS2 

Voltage between cathode and heater 

cathode positive Vkf(k pos) max. 120 V 

cathode negative Vkf(k neg) max. 60 V 

Bulb temperature tbulb 180 ° C 

Heater voltage: The average heater voltage should be 6.3 V. 

Variation of the heater voltage exceeding the range of 6.0 V to 

6.6 V will shorten the tube life. 

The tolerance of heater current should be taken into account. 
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E280F 

OPERATING CHARACTERISTICS 

Anode supply voltage Vpa 190 190 190 190 190 V 

Grid No.3 voltage Vg3 0 0 0 0 O V 

Grid No.2 supply voltage Vbg2 160 160 160 160 120 V 

Grid No.l supply voltage +Vogl 8 8 8 9 8 V 

Cathode resistor R k 370 500 780 630 730 S2 

Anode current Ia 20 15 10 13.5 10 mA 

Grid No.2 current Ig2 6 4.5 3 4 2.8 mA 

Mutual conductance S 26 23 19 22 20 mA/V 

Internal resistance Ri 100 120 155 130 155 kS2 

Amplification factor 
µg2gl 

60 58 56 58 56 

Equivalent noise 
resistance R eq 220 230 250 240 220 Sl 

Input resistance rgl 
1.4 1.5 1.7 1.6 1.6 kSl 

Pin No.l connected 
to pin No.3 

Frequency = 100 MHz 

Capacitance grid No.l 
to gridNo.2, gridNo.3, 
cathode, heater and 
screen (no external 
shield) Cgl/g2g3kfs 15.5 15 14.3 14.8 14.8 pF 

S/2 Tt(Cg+ Ca + 5 pF) 180 162 138 156 142 MHz 

S/C 2.2 1.9 1.6 1.85 1.7 mA/V/pF 
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S.Q. TUBE 

Special quality pentode designed for use as wide band amplifier for frequencies 
up to 250 MHz 

QUICK REFERENCE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval. Gold plated pins 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 350 mA 

Anode current Ia 35 mA 

Mutual conductance S 26 mA/V 

Equivalent noise resistance Req 200 S2 

Noise factor at 100 MHz F 7 dB 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

Dimensions in mm 

max 22 
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CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design Initial spread 
III Range values for equipment design, End of life 

I II III 

Heater voltage Vf 

Heater current If 

6.3 

350 

V 

mA 

Anode supply voltage Vba 125 V 

Grid No.2 supply voltage Vbg2 125 V 

Grid No.3 voltage Vg3 0 mA/V 

Grid No.l supply voltage +Vogl
12 V 

Cathode resistor Rk 300 S2 

Anode current Ia 35 33 - 37 min. 31 mA 

Grid No.2 current Ig2 11 9.9 - 12.1 mA 

Mutual conductance S 26 22 - 30 min. 17.5 mA/V 

Amplification factor 
µg2gl 

27 

Equivalent noise resistance Req 200 S2 

Noise factor at 100 MHz F 7 dB 

Adapted to minimum noise 

Negative grid current -Igl max. 0.3 max. 1.0 µA 

Anode supply voltage Vba 135 V 

Grid No.2 supply voltage Vbg2 125 V 

Grid No.3 voltage Vg3 0 V 

Grid No.l supply voltage +Vogl 12 V 

Cathode resistor Rk 360 S2 

Anode current Ia 30 mA 

Grid No . 2 current Ig2 9. 5 mA 

Mutual conductance S 25 mA/V 

Amplification factor µg2gl 27 

Equivalent noise resistance Req 200 S2 
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CHARACTERISTICS (continued) 

As triode (grid No. 2 connected to anode) 
(grid No.3 connected to cathode) I II 

Anode supply voltage Vba 125 V 

Grid No.3 supply voltage Vbg3 0 V 

Grid No. l supply voltage +Vbgl 12 V 

Cathode resistor Rk 350 S2 

Anode current Ia 40 mA 

Mutual conductance S 32 mA/ V 

Amplification factor µ 25. 5 

Internal resistance Ri 800 S2 

Equivalent noise resistance Req 100 S2 

Leakage current between cathode 
max. 5 µA and heater I~ 

Voltage between cathode and heater 
V~=100V 

Insulation resistance 

Anode to other electrodes (V = 300 V) R min. 100 MS2 

Grid No.l to other electrodes (V = 50 V) R min. 100 MSz 

CAPACITANCES II 

Grid No.l to grid No.2, grid No.3 
cathode, heater and screen C

gl/g2g3~s
10 pF 

Grid No.l to grid No.2, grid No.3 
cathode, heater and screen C

gl/g2g3~s 
16 pF 

Cathode current Ik = 46 mA 

Anode to grid No.2, grid No.3 
cathode, heater and screen Ca/g2g3kfs 2.6 pF 

Anode to grid No.l C
agl

max. 50 mpF 

Anode to cathode Cak max. 50 mpF 

Cathode to heater C~ 4.7 pF 

Grid No . l to heater Cgl f max. 50 mpF 

Anode to heater Caf max. 100 mpF 
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SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of 
the tube. These conditions are not intended to be used as normal operating 

conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration

The tube is subjected during 32 hours in each of 3 positions to a vibration fre- 
quency of 50 Hz with an accelration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10 000 hours . 

LIMITIIVG VALUES (Absolute max. rating system) 

Anode voltage Vao max. 400 V 

Va max. 200 V 

Anode dissipation Wa max. 4.2 W 

Grid No.2 voltage Vg2o max. 400 V 

Vg2 max. 150 V 

Grid No.2 dissipation 1) Wg2 max. 1.4 W 

Grid voltage -Vg max. 50 V 

Grid resistor, automatic bias Rgl max. 0.5 MS2 

Cathode current Ik max. 50 mA 

Voltage between cathode and heater V~ max. 100 V 

Bulb temperature tbulb max. 180 ° C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V 
to 6.6 V will shorten the tube life. 
The tolerance of heater current should be taken into account. 

1) Grid No. 2 dissipation : Care should betaken not to exceed the limiting value 
during switching in of positive voltages. If the cathode resistor is shunted 
by more than 10 µF a grid No. l series resistor of minimum 1 kSt should be 
applied. 
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S.D. TUBE 

Special quality double triode designed for use as A.F. amplifier. 

QUICK REFERENCE DATA 

Life test 

Low interface resistance 

Mechanical quality 

Base 

Heating 

Heater voltage 

Heater current 

Anode current 

Mutual conductance 

Amplification factor 

Hum voltage Section 1 

Section 2 

10 000 hours 

Shock and vibration resistant 

Noval 

Indirect 
A.C. or D.C.; parallel supple 

Vf 6.3 V 

If 330 mA 

Ia 1.25 mA 

S l.6 m\/V" 

µ 

Vg

Vg

max . 

max. 

1110 

5 µ"JEdl✓IS 

~' =`~~RieiS 

DIMENSIONS AND CONNECTIONS ;~'n~_n~;ions in mm 

Base: Noval 
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CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

Heater voltage 

Heater current 

Anode voltage 

Cathode resistor 

Anode current 

Mutual conductance 

Amplification factor 

Internal resistance 

Negative grid current 

I II III 

Vf 

If 

Va

Rk 

Ia

S 

µ 

Ri 

-Ig

6.3 

330 

250 

1.6 

1.25 

1.6 

100 

62.5 

313 - 347 

1.1 - 1.4 

1.3 - 1.95 

max. 0.2 

min. 0.8 

min.1.05 

max. 0.5 

V 

mA 

V 

kt2 

mA 

mA/V 

kSZ 

µA 

Anode voltage Va 100 V 

Cathode resistor Rk 2 kS2 

Anode current Ia 0.5 mA 

Mutual conductance S 1.25 mA/V 

Amplification factor µ 100 

Internal resistance Ri 80 kSl 

Cut-off voltage -Vg max. 4 V 

Anode voltage Va 250 V 

Anode current Ia 20 µ:1 

Grid current starting voltage -Vg max. 1 V 

Grid current +Ig = 0.3µA 

Leakage current between 

I~ max. 5 µA cathode and heater 

Voltage between cathode 
and heater V~ = 100 V 
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CHARACTERISTICS (continued) 

Insulation resistance between electrodes II 

Anode to all other electrodes R 

(Voltage between electrodes 300 V) 

Grid to all other electrodes R 

(Voltage between electrodes 100 V) 

Hum voltage Section 1 Vg

Section 2 Vg~ 

Anode supply voltage Vba = 250 V 

Anode resistor Ra = 100 kS2 

Grid resistor Rg = 1 MS2 

Vibrational noise Vg

Anode voltage Va = 250 V 

Grid voltage -Vg = 2 V 

Anode resistor Ra = 5 kS2 

Frequency f = 25 Hz 

Acceleration = 2.5 g 

min. 300 

min. 300 

max. 5 

max. 15 

max . 10 

MS2 

MS2 

µVRMS 

uV RMS 

mV 

Microphony

The sensitivity of the amplifier circuit for 50 mW should not exceed 0.5 mV. 

CAPACITANCES Each system if applicable 

Grid to cathode heater and screen Cg/kfs 2.0 pF 

Anode to cathode and screen Ca/kfs 2.0 pF 

Anode to grid Cag 1.2 pF 

Grid to heater Cgf max . 0.01 pF 

Cg ~f max . 0.02 pF 

Grid to grid other section Cgg~ max. 0.01 pF 

Anode to anode other section Caa' max . 0.1 pF 

Anode to grid other section Cagy max . 0.06 pF 

Ca ~g max. 0.01 pF 
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SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of 
the tube. These conditions are not intended to be used as normal operating 
conditions . 

Shock 

The tube is subjected 5times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10000 hours. 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 600 V 

Va max. 300 V 

Anode dissipation Wa max. 1.2 W 

Grid voltage -Vg max. 55 V 

+Vg max. 0.5 V 

Grid resistor with fixed bias E~ max. 1.2 MSZ 

with autom. bias Rg max. 2.2 MSZ 

Cathode current Ik max. 9 mA 

Voltage between cathode and heater V~ max. 200 V 

Bulb temperature tbulb max. 170 °C 

Resistance of cathode to heater circuit 
in case of phase inverter circuit R~ max. 135 kS2 

Heater voltage:  The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V 
to 6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken in-
to account. 
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OPERATING CHARACTERISTICS 

A.F. amplifier Fig. l see page 8 

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 47 47 47 47 47 kS2 

Cathode resistor Rk 1500 1200 1000 820 680 S2 

Grid resistor next stage Ro 150 150 150 150 150 kSl 

Anode current Ia 0.86 1.18 1.55 1.98 2.45 mA 

Output voltage at +Ig = 0.3 µA Vo 18 23 26 33 37 VRMS 

Voltage gain Vo/Vi 34 37, 5 40 42. 5 44 

Total distortion 1) dtot 8.5 7.0 5.0 4.4 3.6 

Anode voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 100 100 100 100 100 kS2 

Cathode resistor Rk 1800 1500 1200 1000 820 <2 

Grid resistor next stage Ro 330 330 330 330 330 kS2 

Anode current Ia 0.65 0.86 1.11 1.40 1.72 mA 

Output voltage at +Ig = 0.3 µA Vo 20 26 30 36 38 VAS 

Voltage gain Vo/Vi 50 54.5 57 61 63 

Total distortion 1) dtot 4.8 3.9 2.7 2.2 1.7 ~o 

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 220 220 220 220 220 kS2 

Cathode resistor Rk 3300 2700 2200 1500 1200 S2 

Grid resistor next stage Ro 680 680 680 680 680 kS2 

Anode current Ia 0.36 0.48 0.63 0.85 1.02 mA 

Output voltage at +Ig = 0.3 µA Vo 24 28 36 37 38 VRMS 

Voltage gain Vo/Vi 56 66.5 72 75.5 76. 5 

Total distortion 1) dtot 4.6 3.4 2.6 1.6 1.1 

1) The distortion is about proportional to the output voltage. 
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OPERATING CHARACTERISTICS (continued) 

A.F. amplifier Fig. 2 see page 9 Input source resistance = 100 S2 

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 47 47 47 47 47 kS2 

Grid resistor next stage Ro 150 150 150 150 150 kS2 

Anode current Ia 1.02 1.45 2.02 2.50 3.10 mA 

Output voltage Vo 18 23 26 33 37 VRMS 

Voltage gain Vo/Vi 37 39 41 44 45 

Total distortion 1) dtot 5.6 4.L 2.9 2.7 2.5 
o,

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 100 100 100 100 100 kS2 

Grid resistor next stage Ro 330 330 330 330 330 kS2 

Anode current Ia 0.7 1.00 1.29 1.62 1.95 mA 

Output voltage Vo 20 26 30 36 38 VRMS 

Voltage gain Vo/Vi 50 51 54 56 58 

Total distortion i ) dtot 3.9 2.6 2.0 1.8 1.6 Jo 

Anode supply voltage Vba 200 250 300 350 400 V 

Anode resistor Ra 220 220 220 220 220 kS2 

Grid resistor next stage Ro 680 680 680 680 680 kS2 

Anode current Ia 0.39 0.56 0.74 0.88 1.09 mA 

Output voltage Vo 24 28 36 37 38 VRMS 

Voltage gain Vo/Vi 58 62 66 67 68 

Total distortion 1) drat 4.6 2.7 2.2 1.7 1.4 

1) The distortion is about proportional to the output voltage. 
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OPERATING CHARACTERISTICS (continued) 

A.F. amplifier Fig.3 see page 9 Input source resistance = 330 kS2 

Anode supply voltage Vba 100 150 200 250 300 350 400 V 

Anode resistor Ra 47 47 47 47 47 47 47 kS2 

Grid resistor next stage Ro 150 150 150 150 150 150 150 kS2 

Anode current. Ia 0.35 0.84 1.40 1.95 2.52 3.19 3.80 mA 

Voltage gain Vo/Vi 25 33 34 36 38 40 41 

Total distortion at: 

Vo = 2 V dtot 1.7 2.5 2.4 2.3 2.2 2.2 2.1 °/~~ 

Vo = 4 V dtot 2.1 4.6 4.7 4.6 4.5 4.2 4.2 ~Io 

Vo = 6 V dtot 6.0 5.2 5.6 5.6 5.5 5.5 5.4 

Anode supply voltage Vba 100 150 200 250 300 350 400 V 

Anode resistor Ra 100 100 100 100 100 100 100 kS2 

Grid resistor next stage Ro 330 330 330 330 330 330 330 kS? 

Anode current Ia 0.24 0.56 0.88 1.23 1.58 1.92 2.29 mA 

Voltage gain Vo/Vi 34 43 46 48 50 51 52 

Total distortion at: 

Vo = 2 V dtot 1.6 1.9 1.9 1.8 1.8 1.8 1.7 

Vo = 4 V dtot 2.3 3.0 3.8 3.8 3.6 3.6 3.5 

Vo = 6 V dtot 2.5 4.7 5.1 5.1 5.0 4.9 4.8 

Anode supply voltage Vba 100 150 200 250 300 350 400 V 

Anode resistor Ra 220 220 220 220 220 220 220 kS2 

Grid resistor next stage Ro 680 680 680 680 680 680 680 kS2 

Anode current Ia 0.14 0.32 0.49 0.67 0.85 1.05 1.23 mA 

Voltage gain Vo/Vi 42 51 54 57 58 59 60 

Total distortion at: 

Vo = 2 V dtot 1. 6 1.7 1.7 1.6 1.6 1.6 1.6 

Vo = 4 V dtot 2.5 3.0 3.0 2.9 2.9 2.8 2.7 

Vo = 6 V dtot 3.2 4.4 4.4 4.4 4.4 4.3 4.2 
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OPERATING CHARACTERISTICS (continued) 

Phase inverter Fig.4 see page 9 

Anode supply voltage Vba 250 350 V 

Anode voltage Va 65 90 V 

Cathode resistor Rk 68 82 kS2 

Anode resistor Ra,Ra+ 100 150 kS2 

Anode current Ia+Ia 1.0 1.2 mA 

Voltage gain Vo/Vi 25 27 

Output voltage (+Ig = 0.3µA) Vo 7 20 10 35 VRMS 

Total distortion 1) dtot 0.6 1.8 0.5 1.8 

Va should be adjusted to the specified value of Ia + Ia' 

Phase inverter Fig. S see page 9 

Anode supply voltage Vba 250 350 V 

Cathode resistor Rk 1200 820 SZ 

Anode current Ia+Ia 1.08 1.7 mA 

Voltage gain Vo/Vi 58 62 
~~ 

Output voltage (+Ig = 0.3µA) Vo 7.0 35 9 45 VRMS 

Total distortion 1) dtot 1. 1 5. 5 0.7 3.5 

0 OINF 

V 
1M,f1 Rk

50NF 

0.1/~F 

• 

Ro

T 

Vo

1 
10 Fig.l 

1) The distortion is about proportional to the output voltage. 
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Fig.4 

Fig. 
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a~23 E288CC 

S.Q. TUBE 

Special quality double triode designed for use in cascode circuits and as R.F. 

or I. F . amplifier. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval. Gold plated pins 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 475 mA 

Anode current Ia 30 mA 

Mutual conductance S 2U mA/V 

Equivalent noise resistance (R.F.) R eq 200 Sl 

Noise figure F ~.7 dB 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

f rzo~.eo 

~max22

0 
E 

io 
x 

~zoaa~s 

Dimensions in mm 
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E288CC 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

475 450 - 500 

V 

mA 

Anode supply voltage Vba 100 V 

Grid supply voltage +Vhg 9 V 

Cathode resistor R k 350 S2 

Anode current I.~ 30 28 - 32 min. 26.5 mA 

Mutual conductance S 20 17 - 22.5 min. 14.5 mA/V 

Amplification factor µ 25 

Internal resistance Ri 1.25 kSl 

Equivalent noise resistance R eq 200 S2 

Noise figure in cascode circuit F 5.7 dB 

Adapted to minimum noise 

Negative grid current —Ig max. 0.2 max. l µA 

Anode supply voltage Vba 60 V 

Cathode resistor Rk 80 S2 

Anode current Ia 1.5 mA 

Mutual conductance S 15.5 mA/V 

Amplification factor µ 25 

Internal resistance Ri 1.85 kS2 

Noise figure in cascode circuit F 5 dB 

Adapted to minimum noise 
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CAPACITANCES Each system if applicable 

Grid to cathode heater and screen Cg/kfs 4.7 pF 

Anode to cathode heater and screen Ca/kfs 1.9 pF 

Ca'/k'fs 1.8 pF 

Anode to grid Cag 1.8 pF 

Cathode to grid heater and screen Ck/gfs 7.8 pF 

Anode to grid heater and screen Ca/gfs 3.5 pF 

Ca'/gfs 3.4 pF 

Anode to cathode Cak 0.25 pF 

Anode to anode other section Caa' max. 0.05 pF 

Grid to grid other section Cgg~ max. 0.005 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of 
the tube. These conditions are not intended to be used as normal operating con-

ditions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-

quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested during 10000 hours. 
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LIMITING VALUES (Absolute max. rating system) 

Anode voltage 

Anode dissipation 

Grid voltage 

Grid peak voltage 

Max. pulse duration 10 µsec 

Max. duty factor 0,01 

Grid resistor with automatic bias 

Cathode current 

Cathode peak current 

Max. pulse duration 10 µsec 

Max. duty factor 0.01 

Voltage between cathode and heater 

Bulb temperature 

Vao 

Va

Wa 

-Vg

-Vgp

Rg

Ik

IkP 

Vkf 

tbulb 

max. 400 V 

max. 250 V 

max. 3 W 

50 V 

max. 150 V 

max. 

max. 1 MSZ 

max. 40 mA 

max. 400 mA 

max. 150 V 

max. 190 ° C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V 

to 6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken 

into account. 
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~~ss E810~ 

S.Q. TUBE 

Special quality pentode designed for use as wide band amplifier. 

QUICK REFERENCE DATA 

Life test 

Low interface resistance 

Mechanical quality 

Base 

Heating 

Heater voltage 

Heater current 

Anode current 

Mutual conductance 

Equivalent noise resistance 

Quality factor 
2 ~(CgI+Ca+S) 

S 

10000 hours 

Shock and vibration resistant 

Noval. Gold plated pins 

Indirect 

A.C. or D.C. ; Parallel supply 

Vf

If 

Ia

S 

R eq

6.3 V 

340 mA 

35 mA 

~0 mA/V 

110 <2 

250 MHz 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

1 

Dimensions in min 

max 22 
i•----~I 

+ ~~ 

~ II~'

k ~~ ~',,, 
b''. k'. 

E!, F' 

~' 
II I II __t 

]Z33L 50 
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E810F 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf 

Heater current If

6.3 

340 320 - 360 

V 

mA 

Anode supply voltage Vba 135 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 supply voltage Vbg2 165 V 

Grid No.l supply voltage +Vbgl 12.5 V 

Cathode resistor Rk 360 S2 

Anode current Ia 35 
(negligible 

spread) 
mA 

Grid No.2 current Ig2 5.0 4.4 - 5.6 mA 

Mutual conductance S 50 42 - 58 min. 35 mA/V 

Internal resistance R i 42 kS2 

Amplification factor of 
grid No.2 to grid No.l 

µg~~1 
07 

Negative grid current -ICI max. 0. 1 max. 0.2 uA 

Equivalent noise resistance R eq I L0 S2 

Frequency = 45 MHz 

Input resistance r~ I ~ l0 S2 

Frequency = 100 MHz 

factor 
S 

250 MHz 

Quality 
27t(Cg1+Ca+5) 

a) without shield 

b) with shield 245 MHz 

Anode supply voltage Vba 120 V 

Grid No.3 voltage Vg3 0 V 

Grid No 2 supply voltage Vbg3 150 V 

Cathode resistor Rk 47 S2 

Anode current Ia 35 31 - 39 mA 
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E810F 

CHARACTERISTICS (continued) II III 

Hum voltage Vgl

Grid No.l resistor Rgl = 0.5 MSl 

Midtap heater transformer grounded 

Cathode resistor decoupled 

Leakage current between 
cathode and heater 

Voltage between cathode and 
heater Vkf = 100 V 

Insulation resistance between 
anode and other electrodes 

Measured with V = 250 V 

CAPACITANCES 

Anode to grid No.3, 
grid No.2, cathode, 
heater and screen 

Grid No.l to grid No.3, 
grid No.2, cathode, 
heater and screen 

(Ik = 0 mA) 

(Ik = 40 mA; f = 100 Mc/s) 

Anode to grid No.l 

Anode to cathode 

Anode to heater 

Grid No.l to heater 

Cathode to heater 

Ikf 

R 

max. 150 

max. 10 

min. 100 

max. 20 

min. 40 

Without With 
external shield external shield 

µV 

µA 

MS2 

I II I II 

Ca/g3g2~s 
3.5 3.2-3.8 4.1 3.9-4.3 pF 

Cgl/g3g2kfs 14.5 13- 16 14.5 13- 16 pF 

Cgl/g3g3~s 
24 22- 26 24 22- 26 pF 

Cagl max. 36 max. 32 mpF 

Cak 60 53- 67 33 26- 40 mpF 

Caf 31 26- 36 20 12- 28 mpF 

Cglf 60 40- 80 55 35- 75 mpF 

Ckf 5.2 4.2-6.2 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating con-
ditions . 

I 
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Shock 

The tube is subjected 5 times in each of 4 positions fo an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30° . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values {column III) 
under the following conditions during 10000 hours. 

Anode supply voltage 

Anode resistor 

Grid No.3 voltage 

Grid No.2 supply voltage 

Grid No.l supply voltage 

Cathode resistor 

Anode current 

Voltage between cathode and heater 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage 

Anode dissipation 

Grid No.2 voltage 

Grid No.2 dissipation 

Grid No.l voltage 

Grid No.l peak voltage 

Grid No.l dissipation 

Maximum averaging time = 1 s 

Vba 165 

Ra 820 

Vg3 0 

Vbg2 165 

+Vbgl 12.5 

Rk 360 

Ia 35 

V~ 100 

Vao 
Va

Wa 

Vg2o 
Vg2 

Wg2 
-Vgl

-Vglp
+Vglp

Wgl 

V 

S2 

V 

V 

V 

S2 

mA 

V 

max. 400 V 
max. 250 V 

max. 5 W 

max. 400 V 
max. 200 V 

max. 1 W1) 

max. 25 V 

max. 50 V 
max. 50 V 

max. 10 mW 

1) Care should be taken not to exceed the rated Wg2 value due to switching of 
positive supply voltages. 
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E810F 

LIMTI'IIVG VALUES (Absolute max. rating system) (continued) 

Grid No.l resistor 

With fixed bias Rgl max. 0.2 MSl 

With automatic bias Rk = 47 S2 
Rgl 

max. 0.6 1vE2 

Rk = 360 S2 
Rgl 

max. 3.5 MS2 

Cathode current Ik max. 50 mA 

Cathode current Ik max. 65 mA 

(Life expectancy 1000 hours) 

Voltage between cathode and heater Vkf max. 100 V 

Bulb temperature tbulb max. 200 °C 

Bulb temperature tbuib max. 220 ° C 
(Life expectancy 1000 hours) 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 

6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 

account. 

OPERATING CHARACTERISTICS 

Output tube class A 

Anode supply voltage Vba 155 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 supply voltage Vbg2 165 V 

Grid No.l supply voltage +Vogl 12.5 V 

Cathode resistor Rk 360 S2 

Cathode capacitor Ck 1000 µF 

Anode resistor Ram 560 S2 

Anode current Ia 35 mA 

Anode current, peak to peak Iap 40 mA 

Total distortion dtot ~ • 5 ~/c 

December 1968 



E810F 

200 
Io

(mA) 

150 

100 

50 

-2.5V 

0 
0 

200 

Io
(mA) 

150 

100 

50 

0 

■■■■■■■N■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i■■■■■■ 
~ Vg2 =150V■~iiiiiiiiiiiiiiiiiiiiiiiiiiiiii■■■~■i■■■■■■ Vg3 =0V ■■ ■■■~~■■■■■■■■■■t■■■i■■■■■i■i■i■■■■i■iiii ■■■■■■■■■■■■iii■i■■■■■►iN■■■■iii■iiii■■■■■■■■Nii■■■■■■■■■■■ ■■■■■■■■■■■N■■■■■■■■II■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ i■■■■■■■■■■■■■■■■■■■■~I■■■N■■■■■■■■■■■■■■■■■■■■■■■■■■■i■■■■■ ■■■■■■N■■■■■■■N■■■I.■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■■■■■■■■■■■%■■■■■■■■■■■■■■■■■■t■■■■■■■■■■■■■■■■■■■■ 
iiiiiiiiiii■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii -0.5Viiiii 
■■■■■■■■■■■■■■■Y%I■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■■■■■■NI►I■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■~~~■■■■■■■■■■►►NI■~■~~■~■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■~■■■■ ■■■■■■■■■■■■■■I/1■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■N■■■N/I'I■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i■■■■i ■i■iiN■■■■■N/,■■Ni■■iN■■■■■■■■■■■■■■■■■■■■■■~~~~i  ii■■i 
~~~~■ ■■/ivy....   iL~■■■■■■ 
G~i'ii■i~i%~N■■N■~~nN  ■■i■■i■■■i■■■■■■■■■i■■■■i■■■■■ 
■■N■■■■N,vil~iN~ - Q5V■nik+li~1{liiiiiiiiiiiiiiii■iiiiiiiiiiiiii 
■■ice■■■■■1+/'/,■N N■■■ ■■['■■N■■■ ■■■■■■■■■■■■■■■ N■■■ ■■i■■ ■■■■■ 
■■■['■■■■IL'7■■■■GJ■■■■■■\\■■■■■■■■■■■■■■■■■N■■■■~■■■■■■■■■■■ 
■■■■,\N■U/ ~■■■N  I1N~■■■■rirrirY~.ioi~ri_~C~~c-~~_ -~■■■■■ 
■■■■N■■I-~!~ ..~~~~iri■■■■■■■■■■■■■■■■ ■■■■■ 

~ Isar.ml■■N■■■~~~.~.■i■ri.r~.i~~~~~a--~-~c_~c-■■■■■■■■■■ ■~r%N■M■■■■■■■■■■■■■■■■■■■■■■■■■■■■■7ai■■■■■i■■■■■■■■■■ 
■e■~„_:  ■■■■■■tii■■N■NNN■■■■~i ■■■■■■ 
.r~~■■■i■■■■■■■■■■i■■■■■■■■N■■■■■■N■N  ■■■■■~■■■■■ 
I~"  ■■■■■■■■■■■~■~\■~~■~~■~■■■N■■■■■■■■'i~■~rii■it■■■\■rtiti~rr~r~iri■~iY..i..ri..i.~i~~ii.i■■■■■■■■■i 

50 ~0 150 200 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■f~ ■■■■■N■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■N■■■■■■■■■i■■ 

iiiiiuiiiiiiii~iiiii Vg2 =125Viiiiiiiiiiiiiiiiiiiii■ 
iiiiii■ti■■iiuii ~ iii Vg3 =0V iiiiiii~■iiiiiiiiiiiii ■■■■■■■■■■■■■■■ ■N■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■ 
■■■■■■■■■■■■■■■=N■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■V t=OV■■■■■ ■■■■■■■■■■■■■■■■N■■■■■■■■■■■■■■■~■■■■■■■■■■■■■~■ 9 ■■■■■ 
■■■■■■■■■■■■■NitN'I■■■■■N■■■■■■■■■■■■■■■■■■■■i■■■■■■■■■■N ■■■■■ii■■■■■■■■■NI.~■■■■■■■N■■■■■■■■■■■■■■■■■■■■■■■■■■■■■N 
~~~ ~~~~~~~~~Y~N In~~~~~~~~ ~~~~■~~~~~~~~~~~~~~~~~~~~~~~~~~ iitiiiiiiuiiiiiiiiiiii■iiiiiii■t■tt■■i■■■■■■■■■■■■ Q5V iiiii ~i■■■■■■■■■■N■~"  i■■■t■■■■■■■■■■■■■■■■■■■■ 

n 

iii~~i~~i ~ iii 91=0V ~~■iii■w■iiiiiiiiiiiiiiiiiiiiiiiiii ■■■■■■11■■■■■M%/■■■11■■■■ ■■■■N■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■■Y■NN11/,■■NM■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i■■■■■ ■■■■■■itN■/U~■■■■[i■■■■■■■■■■■■■■■■■■■■■■■■■■■■tt®i■■1N
■■JJN~III~ ■■■■■■ 
■■11■:i, ~■■■■■■7■■■■■■■■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■~■■■■[n1■%I■~■■■■■11■■■■■■■■■■■■_■■■■■■■■■■■■■■■■■■■■■■N■■■ i■,~■■■■r~r.I,■■n■■■■■r■■■■■~■■■■■■■■■i■■■i■■■■■■■■■■■i■■i■■■■i 

ii~J■■■■'i I%N■11■■■■■irr V.i.~G - i -- ~ -- 7-- [ -- l~=t~'~1~~■■■■■i■■■■ Nr■i■I.iii■■■r■■■■■■■■■■■■Ni■ii■ii■ii■ii■i■■i■■ii ■■■■■ i■iai~~r,: ~■■■■■ ~  ~■■■■■ i■■ar  -- -  .~caca■■■■■■■■i 
~ ~irir■■■■■■■■■■■■■■■■■■■■■■■■■~~■■■i■■■■■i~■■i■■■■■■■■■i %•.~■■r.ors.~c~a~.r~~c~ac~aca__ac_a__s=~c_~e=■ ■ii■■■i 

■■■■i 
0 

-1.5V 

50 100 150 200 

60 

40 

20 

0 
250 Va (V) 300 

~zoo9as 80 

Ig2 
(mA) 

60 

40 

20 

0 
250 Va (V) 300 

6 December 1968 



E810F 

7200926 

150 

Io 
(mA) 

100 

50 

0 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

iiiiiiiiii l~z-f00Viii~,'y iiiiiiiiiiiiiiiiiiiii 
■■■■■■■■■■ Vg3 —~V ■■■ ■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■n■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■II■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■ — Q5V ■■■■■~■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■ ■■■■~'~ 1~1cOV ■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■ ■■■■■■■■11■■■■■'u ■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■~i■■■■I~t'■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■\■■~r~   -- 
■■■■■■■■■11■~r~■■7■■■■■■■■■t■■■■■■■■■■■■■■■■■■■■■■■■ ■■n~■■■~rr~■■~■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■~~ ■■■■~~r,■■■N■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■.~■■■■■r,~~■■■~u■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■~ 

\'Ii/%I■II■■■■■■■■■■\■■■ir■r■ir~G.i~~G.=~~C Z ~C~ 
I.!~~/I■■~'~■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■~■\■■■ MI■■11►"/ 

I■■■■■■■■■■■tl■i■~Ir.i.~G.i.~G~i'~C'i~~C~7~~C~ i■■~I►.t■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■~■■i■i■■G■i... 

Vg1 =0V 

— Q5 V 

0 50 l00 

60 

Ig2 
(mA) 

40 

20 

-1SV 
-2V 
0 

l50 20o Va (V1 250 

December 1968 



E810F 

N q 
O 

0 
N O 

O 

„'

~S2! 

~~Sl=26, 

O ~ 
N_ O 
II ~~ M 
~O ]a 

4 
h

W 

O N -~ 
O aQ 

h~ 

0 
A 

8 

O O 
~O 

O O 
N O 

I 

N 

~.. 

~~ 

O 

I 

N 

~~ 

8 December 1968 



EC80 

S.Q. TUBE 

Triode designed for use as grounded grid U.H.F. amplifier for frequencies 
up to 500 MHz. 

QUICK REFERENCE DATA 

Life test X00 hours 

Base Noval. Gold plated pins 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 430 mA 

Mutual conductance S 12 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

Dimensions in mm 

rzaae~ 
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EC80 

CHARACTERISTICS 

Anode voltage Va 250 V 

Grid voltage -Vg 1.5 V 

Anode current Ia 15 mA 

Mutual conductance S 12 mA/V 

Amplification factor µ 80 

CAPACITANCES 

Grid and pin No.6 to cathode and heater Cgp6/kf 5.1 pF 

Grid, heater and pin No.6 to cathode 
CgfP6/k 

9.3 pF 

Anode to cathode Cak max. 0.075 pF 

Anode to cathode and heater Ca/kf max. 0.08 pF 

Anode to grid and pin No.6 Ca/gP6 3.4 pF 

Anode to grid, heater and pin No.6 Ca/gfP6 3.4 pF 

Cathode to heater Ckf max. 8 pF 

LIFE 

Production samples are tested during 500 hours. 

LIMITING VALUES (Design centre rating system) 

Anode voltage Vao max. 550 V 

Va max. 300 V 

Anode dissipation Wa max. 4 W 

Cathode current Ik max. 15 mA 

Voltage between cathode and heater Vkf max. 100 V 

Grid resistor Rg max. 0.3 MS2 
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EC81 

S.Q. TUBE 

U.H.F. oscillator triode for frequencies up to 750 MHz. 

QUICK REFERENCE DATA 

Base Noval. Gold plated pins 

Heating 

Heater voltage 

Heater current 

Anode current 

Mutual conductance 

Indirect 
A.C. or D.C.; parallel supply 

Vf 

If 

Ia

S 

6.3 V 

175 mA 

30 mA 

5.5 mA/V 

DIMENSIONS AND CONNECTIONS 

Dimensions in mm 

Base: Noval 

CAPACITANCES 

Grid to all except anode Cg(a) 1.8 pF 

Anode to all except grid Ca(g) 0.7 pF 

Anode to grid Cag 1.6 pF 

Grid to heater Cgf max. 0.25 pF 

Cathode to heater Ckf 2.3 pF 

CHARACTERISTICS 

Heater voltage Vf 6.3 V 

Heater current If 175 mA 

Anode voltage Va
~~ 
120 150 V 

Grid voltage -Vg 2 2 V 

Anode current Ia 20 30 mA 

Mutual conductance S 4 5.5 mA/V 

Amplification factor µ 16 16 
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EC81 

OPERATING CHARACTERISTICS AND LIMITING VALUES 

Operation as U. H. F . oscillator 

A) Heater supply voltage Vf 6.3 V 

Series resistor in heater circuit R 3 S2 
^—.~—~ 

Wave length ~ 40 80 cm 

Anode voltage Va 220 275 V 

Anode current Ia 18.6 17.2 mA 

Grid current +Ig 1.5 2.8 mA 

Output power Wo 0.6 2. 1 W 

LIMITING VALUES Design centre rating system 

Anode voltage Vao max. 550 V 

Anode voltage Va max. 275 V 

Anode dissipation Wa max. 3.5 W 

Cathode current Ik max. 20 mA 

Grid current Ig max. 7.5 mA 

Negative grid voltage -Vg max. 100 V 

Voltage between cathode and heater V~ max. 100 V 

Grid resistor Rg max. 1 MS2 

B) Heater supply voltage 

Series resistor in heater circuit 

Wave length 

Anode voltage 

Anode current 

Grid current 

Output power 

Vf 

R 

6.3 V 

3 S2 
~~—. 

40 80 cm 

Va 290 300 V 

Ia 19.6 18.6 mA 

+Ig. 0.4 1.5 mA 

Wo 0.7 2.2 W 

With these operating conditions the following limiting values should be 
strictly adhered to 

December 1968 
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LIMITING VALUES Design centre rating system unless otherwise specified. 

Anode voltage Va max. 550 V 0 
Anode voltage (stabilized ± 1 j~) Va max. 300 V 

Anode dissipation (Abs.max.) Wa max. 5 W 

Cathode current Ik max. 20 mA 

Grid current Ig max. 7.5 mA 

Negative grid voltage -Vg max. 100 V 

Voltage between cathode and heater V~ max. 100 V 

Grid resistor max. 1 MS2 

C) Heater voltage Vf 6.3 V 

Wave length ~ 40 80 cm 

Anode voltage Va 220 300 V 

Anode current Ia 27.7 26.3 mA 

Grid current Ig 2.3 4 rnA 

Output power Wo 1.1 3.8 W 

LIMITING VALUES Design centre rating system unless otherwise specified. 

Anode voltage Vao max. 550 V 

Anode voltage (stabilized ± l;~o) Va max. 300 V 

Anode dissipation (Abs.max.) Wa max. 5 W 

Cathode current (Abs.max.) Ik max. 30 mA 

Grid current +Ig max. 7.5 mA 

Grid voltage -Vg max. 100 V 

Voltage between cathode and heater V~ max. 100 V 

Grid resistor Rg max. 1 MS2 

Heater voltage: The average heater voltage should be 6.3 V 
Variation of the heater voltage should not exceed the range 
the range of 6.3 V ± 3%. 
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6G~ MAINTENANCE TYPE E~90 

S.O. TUBE 

Triode designed for use as R . F , power amplifier or oscillator for frequencies 
up to 150 MHz . 

~3UICK REFERENCE DATA 

Life test 500 hours 

Base Miniature 

Heating Indirect 
A.C. or D.C. 

Heater voltage V f 6.3 V 

Heater current If 150 mA 

Output power f = 50 MHz Wo 3.6 W 

f = 100 MHz Wo 3.3 W 

DIMENSIONS AND CONNECTIONS Dimensions in mm 

Base: Miniature 

f )204669 

~max79

. ~ 

~ ~ 
v 

F 

]Z032 
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CHARACTERISTICS 

Heater voltage Vg 6.3 V 

Heater current If 150 mA 

Anode voltage Va 100 250 V 

Grid voltage -Vg 0 8.5 V 

Anode current Ia 11.8 10.5 mA 

Mutual conductance S 3.25 2.2 mA/V 

Amplification factor µ 21.5 17 

Internal resistance Ri 6.6 7.7 kS2 

CAPACITANCES Without shield With shield 

Anode to grid Cag 1.4 1.3 pF 

Grid to cathode and heater Ca/~ 1.5 1.7 pF 

Anode to cathode and heater Cg/ ~ 1.2 2.6 pF 

LIMTI'ING VALUES (Design centre rating system) 

Anode voltage Vao max. 550 V 

Va max. 300 V 

Anode dissipation Wa max. 3. ~ W 

Cathode current: 

(as R.F. oscillator or amplifier) Ik max. 30 mA 

(as R.F. doubler or trebler) Ik max. 20 mA 

Grid voltage -Vg max. 100 V 

Grid current +Ig max. 5.0 mA 

Grid resistor Rg max. 250 kS2 

Voltage between cathode and heater V~ max. 150 V 

Bulb temperature tbulb max. 180 ° C 

MAINTENANCE TYPE December 1968 
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OPERATING CHARACTERISTICS 

As R.F. amplifier or oscillator 

Class C telegraphy or F.M. 

Frequency f 50 100 MHz 

Anode voltage Va 300 300 V 

Grid voltage -Vg 27 27 V 

Anode current Ia 16.2 17.1 mA 

Grid current +Ig 3.8 2.9 mA 

Output power Wo 3.6 3.3 W 

Efficiency n 67 55 ~/o 
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EC 91 

S.Q. TUBE 

Triode designed for use as grounded grid U.H.F. amplifier for frequencies up 
to 250 MHz . 

QUICK REFERENCE DATA 

Life test 500 hours 

Base Miniature 7 pin 

Heating Indirect 
A.C. or D.C. 
Series or parallel supply 

Heater voltage V f 6.3 V 

Heater current If 300 mA 

Mutual conductance S 8.5 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Miniature 7 pin 

nmz:z 

Dimensions in mm 

December 1965 MAINTENANCE TYPE 1 



EC91 

CHARACTERISTICS 

Anode voltage Va 250 V 

Grid voltage -Vg 1.5 V 

Cathode resistor R k 150 St 

Anode current Ia 10 mA 

Mutual conductance S 8.5 mA/V 

Amplification factor µ 100 

Internal resistance R~ 12 kSZ 

Equivalent noise resistance R eq 400 SZ 

CAPACITANCES 

Grid to cathode and heater Cg/ kp 8.5 pF 

Anode to cathode and heater Ca/kf max. 0.2 pF 

Anode to grid Cag 2.5 pF 

LIFE 

Production samples are tested during 500 hours. 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 550 V 

Va max. 250 V 

Cathode current Ik max. 15 mA 

Grid voltage -Vg max. 100 V 

Voltage between cathode and heater Vkf max. 150 V 

Anode dissipation Wa max. 2.5 W 

MAINTENANCE TYPE December 1968 
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8254 EC1©a0 

S.Q. ~ UBE 

Special quality triode, designed for use as amplifier in measuring probes. 

QUICK REFERENCE DATA 

Life test 1000 hours 

Envelope Subminiature 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Heating Indirect 
A.C. or D.C. ; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 185 mA 

Equivalent grid noise voltage Vn max. 1 mV 

Anode current Ia 14 mA 

Mutual conductance S 14.5 mA/V 

DIMENSIONS AND CONNECTIONS 

Envelope: Subminiature 

Leads should not be soldered nearer than 5 mm to the seal. 
Leads should not be bent nearer than 2 mm to the seal. 

Method of shielding. See fig.l. 

Dimensions in mm 
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EC1000 

CHARACTERISTICS 

Column I Nominal vatue or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf 

Heater current If 

6.3 

185 175- 195 

\' 

mA 

Anode voltage Va 80 V 

Grid voltage -Vg 2 V 

Anode current Ia 14 mA 

Mutual conductance S 14.5 mA/V 

Amplification factor µ -27.5 

Input resistance rg 300 S2 

Frequency = 250 MHz 

Input resonance frequency f 400 MHz 

Anode supply voltage Vba 82 V 

Cathode resistor Rk 143 S2 

Anode current Ia 14.0 11.2-16.8 min. 8.2 mA 

Mutual conductance S 14.5 mA/V 

Anode supply voltage Vba 90 V 

Cathode resistor R k 680 S2 

Grid supply voltage +Vbg 7.5 V 

Anode current Ia 14 mA 

Mutual conductance S 14.5 12.9-16.1 min. 9.2 mA/V 

Negative grid current -Ig max. 0.01 max.0.U1 µA 

Leakage current between 
max. 5 max. 10 µA cathode and heater Ikf 

Voltage between cathode and 
heater = 55 V . Cath . positive 

December 1968 



EC1000 

CHARACTERISTICS (continued) 

Equivalent grid microphony 
I II 

voltage r max.1 .0 mVRMS 

Peak acceleration = 4 g 

Frequency = 50 Hz 

Equivalent grid hum voltage Vg max. l .0 mVRMS 

Grid resistor = 0.5 MS2 

Cathode resistor = 100 S2 

Heater centre grounded 

CAPACITANCES 

Grid to cathode Cgk 3.5 2.9-4.1 pF 

Anode to grid Cag 1.7 1.4-2.0 pF 

Grid to heater Cgf 33 23 - 43 mpF 

Anode to cathode Cak 450 325 - 575 mpF 

Anode to heater Caf 270 185 - 355 mpF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube .These conditions are not intended to be used as normal operating conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 

supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values during 1000 
hours. 
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~~c~000 

LIMITING VALUES (Absolute max. rating system) 

:mode voltage Vao max. 275 V 

Va max . 110 V 

Anode dissipation Wa max.. 1.5 W 

Grid voltage -Vg max. 55 V 

Cathode current Ik max. 22 mA 

Voltage between cathode 
and heater Vkf max. 55 V 

Bulb temperature tbulb max. 170 °C 

Grid resistor: The grid resistance should be restricted to a value such that no 

limiting values are exceeded at -Ig = 0.01 µA. 

The D.C. feed back factor of the operating circuit may be taken 

into account. 

The Rg value will also be limited by the required current stability 
and the permissible hum level. 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 

6.6 V will shorten the tube life. 
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EC8010 

S.Q. CUBE 

Special quality U . H. F . triode designed for use as R . F . amplifier and oscil-
lator (max. frequency 1000 MHz). 

QUICK REFEP:EI~'CE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 280 mA 

Anode current Ia 25 mA 

Mutual conductance S 28 mA/V 

DIMENSIONS AND CONNECTIONS Dimensions in rnm 

Base; Noval 

max 222 
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EC8010 

CHARACTERISTICS 

Anode supply voltage ~'ba 200 V 

Anode resistor Ra 2.4 kSZ 

Cathode resistor Rk 47 S2 

Anode current Ia 25 mA 
+~ 

Mutual conductance S 28 mA/V 

Amplification factor µ 60 

CAPACITANCES 

Without shield 

Anode to cathode and heater Ca/kf 0.1 pF 

Grid to cathode and heater Cg/kf 7 pF 

Anode to grid Cag 1.4 pF 

With external shield 

Anode to cathode and heater Ca/kf 0.09 pF 

Grid and screen to cathode and heater Cgs/kf 7.5 pF 

Anode to grid and shield Ca/gs 1.9 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of 
the tube. These conditions are not intended to be used as normal operating 
conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

2 December 1968 



EC8010 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 400 V 

Va max. 200 V 

Anode dissipation Wa max. 4.5 W 

Grid voltage -Vg max. 20 V 

Cathode current Ik max. 35 mA 

Grid resistor Rg max. 500 kSt 

Voltage between cathode and heater Vkf max. 100 V 

Heater voltage; The average heater voll:age should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V 
to 6.6 V will shorten the tube life. 

~~
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ECC2000 

S.O. 1~UBE 

Special quality double triode with neutralisation screen, designed for use as 
V.H.F. amplifier (max. freq. 300 MHz) in a cascode circuit without external 
neutralisation, e.g. aerial amplifier for band III and frequency multiplier. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base 10 pin miniature with gold plated pins 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 335 mA 

Input section Output section 

Anode voltage 90 90 90 90 V 

Anode current 15 27 15 27 mA 

Mutual conductance 13 17.5 17 22 mA/V 

DIMENSIONS AND CONNECTIONS 

Base; 10 pin miniature 

Dimensions in mm 
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ECC2000 

CHARACTERISTICS 

Heater voltage Vf 6.3 V 

Heater current If 335 mA 

Input section (unit a', g', k') 

Anode voltage V a, 90 90 V 

Neutralization screen voltage VSn' 0 0 V 

Grid voltage -Vg~ 2.1 1.4 V 

Anode current Ia, 15 27 mA 

Mutual conductance S 13 17.5 mA/V 

Amplification factor µ 27 27 

Equivalent noise resistance R eq 250 200 S2 

Output section (unit a,g,k) 

Anode voltage Va 90 90 V 

Grid voltage -Vg 2.0 1.4 V 

Anode current Ia 15 27 mA 

Mutual conductance S 17 22 mA/V 

Amplification factor µ 28 28 

Equivalent noise resistance R eq 200 150 Sl 

Insulation resistance between Rins Initial min. 100 MS2 
electrodes End of life min. 20 MS2 

Leakage current between 
cathode and heater 

Voltage between cathode and 
heater V = 150 V 

Cathode positive Ikf Initial max. 15 µA 
End of life ma.x. 20 µA 

Voltage between cathode and 
heater V = 50 V 

Cathode negative Ikf Initial max. 15 µA 
End of life max. 20 µA 
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ECC2000 

CAPACITANCES 

Input system (unit a', g', k') 

Grid to cathode, filament and 
neutralisation screen Cg'/k'fsn' 5.1 pF 

Anode to cathode, filament and 
neutralisation screen Ca'/k'fsn' 5.0 pF 

Grid to neutralisation screen Cg~sn~ 1.4 pF 

Anode to grid Ca~g~ 0.45 pF 

Anode to neutralisation screen Ca'sn' 3.4 pF 

Output system (unit a, g, k) 

Cathode to grid and filament C
k/gf 

6.5 pF 

Anode to grid and filament Ca/gf 3.2 pF 

Anode to cathode Cak 180 mpF 

Anode to grid Cag' 1.5 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of 
the tube. These conditions are not intended to be used as normal operating 
conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NR L shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested under the following conditions during 10000 
hours: (each unit) 

Heater voltage Vf 6.3 V 

Anode supply voltage Vba 110 V 

Grid supply voltage Vbg 17 V 

Cathode resistor R k 680 SZ 
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EGC2000 

LIMITING VALUES (Absolute max. rating system) 

(Each unit) 

Anode voltage Vao max. 450 V 

Va max. 250 V 

Anode dissipation Wa max. 2.7 W 

Grid voltage -Vg max. 50 V 

Grid peak voltage -Vgp max. 150 V 

Duty factor max. l~ 

Pulse duration max. 10 µs 

Cathode current Ik max. 40 mA 

Cathode peak current Ikp max. 400 mA 

Duty factor max. 10°Jo

Pulse duration max. 200 µs 

Grid resistor R max. 1 MS2 

Automatic bias 

Voltage between cathode and heater 

Cathode positive Vkf (k+) max. 150 V 

Cathode negative Vkf (k-) max. SO V 

Bulb temperature max. 225 °C 
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ECC2000 

OPERATING CHARACTERISTICS 

Cascode circuit, Frequency 200 MHz 

Supply voltage Vb 200 200 V 

Cathode resistor Rk+ 1200 680 S2 

Anode current Ia 15.5 26.5 mA 

Input resistance rg~ 910 670 SZ 

Input capacitance Ci 11 12 pF 

Noise figure F 2.5 2.5 kTo

Adapted to minimum noise 

Vb
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12 AX7S 

S.Q. TUBE 

Special quality double triode designed for use asA.F. amplifier, oscillator and 
multivibrator . 

QUICK REFERENCE DATA 

Life test 1000 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval 

Heating Indirect 
A.C. or D.C.; Parallel supply 

Heater voltage Vf 6.3 or 12.6 V 

Heater current If 300 or 150 mA 

Anode current Ia 1.2 mA 

Mutual conductance S 1.6 mA/V 

Amplification factor µ 100 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

F max22

k 0 

Dimensions in mm 

~~ 
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~2ax~s 

CHARACTERISTICS Each system if applicable. 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 

III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If 

6.3 

300 276- 324 

V 

mA 

Anode voltage Va 250 V 

Grid voltage -Vg 2 V 

Anode current Ia 1.2 0.75-1.75 mA 

Mutual conductance S 1.6 1.25-2.05 min.1.12 mA/V 

Amplification factor µ 100 

Internal resistance R i 62.5 kS2 

Difference in anode 

current of both systems ~ Ia -Ia ' ~ max. 0.6 mA 

Negative grid current -Ig max. 0.5 max. 0.5 µA 

Vibrational noise output Vo max. 25 mVRMS 
(units connected parallel) 

Anode supply voltage 

Vba = 250 V 

Grid voltage -Vg = 2 V 

Frequency f = 25 Hz 

Acceleration 2.5 g 

Anode resistor Ra = 2 kS2 

Amplification 

Anode supply voltage Vba 100 V 

Grid voltage Vg 0 V 

Anode resistor Ra 0.5 MS2 

Grid resistor Rg 10 MS2 

Input voltage Vi 0.2 VRMS 

Output voltage Vo min. 8.4 VRMS 
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12AX7S 

CHARACTERISTICS (continued) I 

Anode voltage Va 100 

Grid voltage —Vg 1 

Anode current Ia 0.5 

Mutual conductance S 1.25 

Amplification factor µ 100 

Internal resistance Ri 80 

II III 

Insulation resistance 
between electrodes Rins 

Voltage between electrodes 
V=100V 

min. 100 min. 50 

V 

V 

mA 

mA/ V 

kS2 

MSl 

Leakage current between 

cathode and heater I~ 

Voltage between cathode and 
heater V~ = 100 V 

CAPACITANCES. Without external screen. 
Each system if applicable. 

Anode to grid, cathode and heater 

Anode to cathode and heater 

Grid to anode, cathode and heater 

Grid to cathode and heater 

Anode to grid 

SHOCK AND VIBRATION RESISTANCE 

max . 10 max . 20 µA 

Ga/gkf 

Gai kf. 

C;r ~,' k,f 

t,g:' a kf 

i:~% ~: 

ag 

. 9 r~F 

n ~ pr. 

p=' 

,.~ pF 

. ~;. pF 

l_? pF 

The following test conditions are applied to assess the mechanical quality of the 

tube. These conditions are not intended to be used as normal operating condi-

tions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine v✓ith the hammer lifted over an angle of 30° . 
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12AX7S 

SHOCK AND VIBRATION RESISTANCE (continued) 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Va max. 330 V 

Anode dissipation Wa max. 1 .1 W 

Cathode current Ik max. 20 mA 

Grid resistor with fixed bias Rg max. 1 MS2 

Voltage between cathode and heater V~ max. 100 V 

Bulb temperature tbulb max. 165 oC 

7204676-ob 124. 
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12AX7S 

7204677—ob.24.g.19 

R; 
(k,11) 

500 

400 

300 

200 

100 

0 
—2 V9 (10 —1.5 

Vo=100V

120 

100 

80 "I 
60 

40 

20 

r-

5 

 R; 

—0.5 

S 
(mA/V) 
Ia
(mA) 

2.5 

2 

1.5 

1 

05 

0 
0 

December 1968 5 



92AX7S 

7Z0467B—ab 24 g. 9 

R;
(kJZ) 

250 

Z00 

150 

100 

50 

0 2 
—4 Vg (V) —. 

llecember 1968 



MAINTENANCE TYPE 5636 

S.Q. DUAL CONTROL PENTODE 

Special quality dual control pentode designed for use as amplifier and mixer. 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Subminiature 

Heating Indirect 

A.C. or D.C. ; Parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 150 mA 

Mutual conductance 
anode to grid No.l S

agl

Mutual conductance 

anode to grid No.3 S
aga

3.2 mA/V 

0. ~ mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

max 10.16 

m 

93 ~~ ~~~t 
noora rzor~iu 

Dimensions in mm 

Connections should not be soldered nearer than 5 mm to the seal. 

Leads should not be bent nearer than 1.5 mm to the seal. 
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5636 

cxnxncrEiusTTcs 
Column I Nominal value or setting of the tube 

II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf 

Heater current If 

6.3 

150 140 - 160 

V 

mA 

Anode voltage Va 100 V 

Grid No.2 voltage Vg2 100 V 

Grid No.3 voltage Vg3 0 V 

Cathode resistor Rk 150 S2 

Anode current Ia 5.3 3.7 - 6.9 mA 

Grid No.2 current Ig2 4.0 2.8 - 5.4 mA 

Mutual conductance; 

anode to grid No. l Sagl 3.2 2.7 - 4.0 ~ 20 ~ x ' mA/V 
0 

anode to grid No.3 Saga 0. 5 mA/V 

Internal resistance Ri 110 kS2 

Negative grid No.l current -Igl max. 0.3 max. 1.0 µA 

Grid No. 1 resistor Rgl = 1 MS2 

Anode voltage Va 100 V 

Grid No.2 voltage Vg2 100 V 

Grid No.3 voltage Vg3 -1 V 

Cathode resistor Rk 150 S2 

Anode current Ia 4.0 mA 

Grid No.2 current Ig2 5.8 mA 

Mutual conductance; 

anode to grid No. l Sagl 1.95 mA/V 

anode to grid No. 3 Saga 0.5 - 1.8 mA/V 

Internal resistance Ri 50 kSl 
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5636 

CHARACTERISTICS (continued) 

I II III 

Grid No.l cut-off voltage -Vgl

100 

100 

100 

max. 7.5 V 

V 

V 

µA 

Anode voltage Va

Grid No.2 voltage Vg2

Anode current Ia

Grid No.3 cut-off voltage -Vg3

100 

100 

100 

max. 8.0 V 

V 

V 

µA 

Anode voltage Va

Grid No.2 voltage Vg
2 

Anode current Ia 

Leakage current between 

max. 5 max. 10 µA cathode and heater I~ 

Voltage between cathode and 
heater V~ = 100 V 

Insulation resistance between 
min. 100 min. 50 MS2 two electrodes Rins 

Voltage between electrodes = 100 V 

Vibrational noise output Vo

100 

10 

100 

0 

max. 40 mV 

V 

kS2 

V 

V 

Anode supply voltage Vba

Anode resistor Ra

Grid No. 2 voltage Vg2

Grid No.3 voltage Vg3

Cathode by pass capacitor C = 1000 µF 

Cathode resistor Rk = 150 S2 

Vibration frequency 40 Hz 

Acceleration 15 g 
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5636 

CAPACITANCES; With external shield 

I II 

Grid No.l to grid No.2, 
grid No. 3, cathode and heater Cgl~g2g3 kf 4.0 3.5 - 4. 5 pF 

Grid No.3 to grid No.l, 
grid No.2, cathode and heater Cg3/g2g1 kf 4.0 3. 5 - 4. 5 pF 

Anode to grid No.2, grid No.3, 
cathode and heater Ca~g2g.3 ~ 

3.4 2.9 - 3.9 pF 

Anode to grid No. l C
agl

max.0.02 pF 

Anode to grid No.3 Cag3 
max. 1.1 pF 

Grid No. l to grid No.3 
Cglg3 

max.0.15 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to ascess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 25 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 1000 hours. 
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5636 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 330 V 

Anode voltage Va max. 165 V 

Anode dissipation Wa max. 1.1 W 
r ~... 

Grid No.3 voltage Vg3 max. 30 V 

Grid No.3 negative voltage -Vg3 max. 55 V 

Grid No.2 voltage Vg2 max. 155 V 

Grid No.2 dissipation Wg2 max. 0.7 W 

Grid No.l voltage Vgl max. 0 V 

Grid No.l negative voltage -Vgl max. 55 V 

Grid No.l resistor Rgl max. 1.2 MS2 

Cathode current Ik max. 16 mA 

Voltage between cathode and heater; 

D.C. component Vkf max. 200 V 

peak value V~p max. 200 V 

Bulb temperature tbulb max. 220 °C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 
6.6. V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 
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MAINTENANCE TYPE 5639 

S.Q. OUTPUT PENTODE 

Special quality pentode designed for use as output tube and video amplifier. 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Subminiature 

Heating Indirect 
A . C . or D. C . , parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 450 mA 

Mutual conductance S 9 mA/V 

Anode current Ia 21 mA 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

max lO.IS 

v 
v 

.c 
II~~ ~~ E• 

7203733 

Dimensions in mm 

Connections should not be soldered nearer than 5 mm to the seal. 
Leads should not be bent nearer than 1.5 mm to the seal. 
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5639 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life value 

I II III 

Heater voltage Vf

Heater current If

6.3 

450 420-480 

V 

mA 

Anode voltage Va 150 V 

Grid No.2 voltage Vg2 100 V 

Cathode resistor Rk 100 S2 

Anode current Ia 21 14-28 mA 

Grid No.2 current Ig2 4.0 2-6 mA 
4S: max. 

Mutual conductance S 9.0 7.5-10.5 20 ~c mA/V 

Internal resistance Ri 50 kS2 

Negative grid No.l current -Igl max. 1 .0 max. 2.0 µA 

Grid No.l resistor 

Rgl =1MS2 

Grid No.l cut-off voltage -Vgl 14 

Anode voltage Va 150 V 

Grid No.2 voltage Vg2 100 V 

Anode current Ia max. 75 µA 

Leakage current between 
max. 15 max. 60 µA cathode and heater Ikf 

Voltage between cathode and 
heater Vgf = 100 V 

Insulation resistance between 
min. 100 min. 50 MS2 two electrodes Rins 

Voltage between electrodes 
V=100V 
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5639 

CHARACTERISTICS (continued) 

Vibrational noise output 

Anode supply voltage 

Anode resistor 

Grid No.2 voltage 

Cathode resistor 

Cathode by pass capacitor 
Ck = 1000µF 

Grid No.l resistor Rgl = 0.1 MS2 

Vibration frequency = 40 Hz 

Acceleration = 15 g 

I II III 

Vo max. 100 mVeff 

Vba 150 V 

R a 2 kSt 

Vg2 100 V 

Rk 100 S2 

CAPACITANCES With external shield, inside diameter 10.3 mm 

Grid No.l to grid No.2, grid No.3, 
cathode and heater 

Anode to grid No.2, grid No.3, 
cathode and heater 

Anode to grid No.l 

SHOCK AND VIBRATION RESISTANCE 

I II 

Cgl /g2 k 
g3f 

9 8-10 pF 

Ca/g2 kg3f 
8 7-9 pF 

Cagl max.0.13 pF 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions . 

Shock

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 1.000 hours. 
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5639 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 330 V 

Anode voltage Va max. 165 V 

Anode dissipation Wa max. 4 W 

Grid No.2 voltage Vg2 max. 155 V 

Grid No.2 dissipation Wg2 max. 1 W 

Grid No.l voltage Vgl max. 0 V 

Grid No.l negative voltage -Vgl max. 55 V 

Grid No.l resistor 
with fixed bias Rgl max. 100 kS2 

with automatic bias Rgl max. 500 kS2 

Cathode current Ik max. 40 mA 

Voltage between cathode and heater, 
d . c . component V~ max . 200 V 

peak value Vk{p max. 200 V 

Bulb temperature tbulb max• 220 °C 

Heater voltage: The average heater voltage should be 6.3 V 
Variations of the heater voltage exceeding the range of 6.0 to 
6.6 V will shorten the tube life. 

OPERATING CHARACTERISTICS 

Output tube class A 

Anode voltage Va 150 V 

Grid No.2 voltage 
Vg2 

100 V 

Cathode resistor Rk 100 S2 

Load resistance R a -., 9 kS2 

Input voltage Vi 2 VRMS 

Output power ~'o 1 W 
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5642 

S.Q. TUBE 

Single anode rectifier for use in the E.H.T. supply of oscilloscopes. 

QUICK REFEREI~'CE DATA 

Life test 500 hours 

Heater voltage Vf 1.25. V 

Heater current If 200 mA 

Heating Direct 
A. C, or D.C. 

Peak inverse voltage 

Anode current 

Vainvp 10 kV 

Ia 250 µA 

DIMENSIONS AND CONNECTIONS 

Connections: Flying leads 

min 3B _~ max 67.3 

Dimensions in mm 

v 
O~ 

CAPACITANCES 

Anode to filament 

1) Not tinned 

maxz27~i 
/! 

y 

f 

43±1.5 min7.6 

~~

Caf 

a 
~o 
O 
x 
O 

0.6 pF 
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5642 

LIMITING VALUES Design centre rating system 

Anode peak inverse voltage Vainvp max. 10 kV 

Anode current Ia max. 250 µA 

Anode peak current 

Pulse duration max. 10 µsec 

Duty factor max. 0.15 

Iap max. 5 mA 

Anode peak current 

Sine wave input 

Frequency min. 5 kHz 

Iap max. 1.5 mA 
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5654 

S.D. TUBE 

Special quality pentode designed for use as wide -band amplifier. 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Miniature 7 pin 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 175 mA 

Mutual conductance S 5 mA/V 

Sharp cut off 

:DIMENSIONS AND CONNECTIONS 

Base: Miniature 7 pin 

kg3,s gl 
O~O 

920 ~~ ~©kg3,s 

Dimensions in mm 
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5654 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 

I II 

Heater voltage Vf

Heater current If

6.3 

175 160 - 190 

V 

mA 

Anode voltage Va 120 V 

Grid No.2 voltage Vg2 120 V 

Grid No.l voltage -Vgl 2 V 

Anode current Ia 7.5 5 - 11 mA 

Grid No.2 current Ig2 2.5 0.8 - 4.0 mA 

Mutual conductance S 5 3.8 - 6.2 mA/V 

Internal resistance Ri 0.34 MSZ 

Negative grid current -Igl max. 0.1 µA 

Anode supply voltage Vba 120 V 

Grid No.2 voltage Vg2 120 V 

Anode resistor Ra 0.1 MS2 

Grid No.l voltage -Vgl 10 V 

Anode current Ia max. 200 µA 

Grid No.l cut off voltage -Vgl 8.5 V 

Anode voltage Va 120 V 

Grid No.2 voltage Vg2 120 V 

Anode current Ia 10 µA 

Leakage current between 
max. 10 µA cathode and heater Ikf 

Voltage between cathode and 
heater Vkf = 100 V 

Insulation resistance between 
min. 100 MS2 two electrodes R 
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5654 

CAPACITANCES. With external shield 

Grid No.l to grid No.2, grid No.3 
I II 

Cgl /g2g3kf 4.0 3.4 - 4.6 pF cathode and heater 

Anode to grid No.2, grid No.3 
cathode and heater Ca/g2g3kf 2.85 2.45 - 3.25 pF 

Anode to grid No.l C
agl

max. 0.02 pF 

Grid No.l to grid No.2 
Cglg2 

1.4 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 1000 hours. 
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5654 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 600 V 

Va max . 200 V 

Grid No.2 voltage Vg2o max. 600 V 

Vg2 max. 155 V 

Grid No.l voltage -Vgl max. 50 V 

+ Vgl max . 0 V 

Anode dissipation Wa max. 1.65 W 

Grid No.2 dissipation Wg2 max. 0.55 W 

Cathode current Ik max. 20 mA 

Grid No.l current Igl max. 1 mA 

Grid No.l resistor Rgl max. 0.1 MS2 

Voltage between cathode and heater V~ max. 135 V 

Bulb temperature tbulb max . 165 ° C 1) 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 5.7 V to 
7.0 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account . 

1) Tube life and reliability of performance will be enhanced by operation at lower 
temperatures . 
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MAINTENANCE TYF~E 5718 

S.G?. TRIODE 

Special quality triode designed for use as R.F, amplifier, oscillator (max, fre-
quency 1000 MHz), and AF amplifier. 

QUICK REFERENCE DATA 

Life test 500 hours 

Mechanical quality Shock and vibration resistant 

Base Subminiature 

Heating Indirect 

A.C. or D.C. , Parallel supply 

Heater voltage Vg 6.3 V 

Heater current If 150 mA 

Anode current Ia 13 mA 

Mutual conductance S 6.5 mA/V 

DIMENSIONS AND CONNECTIONS 

Base :Subminiature 

Socket: Bl 506 81 

IIII 

Dimensions in mm 

Connections should not be soldered nearer than 5 mm to the seal. 
Leads should not be bent nearer than 1.5 mm to the seal. 
On request the tube can also be delivered with shortened leads of 4.7-5.4 mm. 
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5718 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

150 138 - 162 

V 

mA 

Anode voltage Va 100 V 

Cathode resistor R k 150 S2 

Anode current Ia 8.5 6 - 11 mA 

Mutual conductance S 5.8 4.8 -6.8 OS: max . 
mA/V 20~ 

0 
Internal resistance Ri 4.65 kSZ 

Amplification factor µ 27 23 - 31 - 

Anode voltage Va 100 V 

Negative grid voltage -Vg max. 7 V 

Anode current Ia 100 µA 

Cut off voltage -Vg 7 V 

Anode voltage Va 100 V 

Anode current Ia 10 µA 

Anode voltage Va 150 V 

Cathode resistor R k 180 S2 

Anode current Ia 13 mA 

Mutual conductance S 6.5 mA/V 

Internal resistance Ri 4.15 kS2 

Amplification factor µ 27 -

Negative grid current (R k = 380 S2) -Ig max.0.4 max.0.6 µA 

Cut off voltage -Vg 11 V 

Anode voltage Va 150 V 

Anode current Ia 10 µA 
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5718 

CHARACTERISTICS (continued) 

I II III 

Leakage current between 
cathode and heater I~ 

Voltage between cathode and 
heater = 100 V 

max. 10 µA 

Insulation between two electrodes 

CAPACITANCES 

Anode to cathode and heater 

Grid to cathode and heater 

Anode to grid 

Rins 

With external 

shield 

min. 50 MS2 

Without shield 

I I II 

Ca~~ 2.4 0.7 0.5 - 0.9 pF 

Cgs ~ 2.4 2.2 1.6 - 2.8 pF 

Cag 1.3 1.45 1.1 - 1.8 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 

tube. These conditions are not intended to be used as normal operating condi-

tions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of SOOg 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is su_ bjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 500 hours: 

Anode voltage Va = 100 V 

Cathode resistor Rk = 150 S2 

Grid resistor Rg 1 MS2 

Voltage between cathode and heater (cath.neg.) Vkf 200 V 
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5718 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Va max. 165 V 

Grid voltage -Vg max. 55 V 

Anode dissipation Wa max. 3.3 W 

Anode current Ia max. 22 mA 

Grid current Ig max. 5. 5 mA 

Grid resistor max. 1.2 MS2 

Voltage between cathode and heater Vkf max. 200 V 

Bulb temperature 1) tbulb max. 250 °C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 

OPERATING CHARACTERISTICS 

As R.F. amplifier 

Anode voltage Va 100 150 V 

Cathode resistor Rk 150 180 S2 

Anode current Ia 8.5 13 mA 

Mutual conductance S 5.8 6. 5 mA/V 

As oscillator 

Anode voltage Va 150 V 

Anode current Ia 20 mA 

Output power W° 0.9 W 

Frequency f 500 MHz 

1) In the interest of optimum life performance it is recommended to reduce the 
bulb temperature by fixing the bulb directly to the chassis with a metal clamp. 
(Z E 1100) 
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5718 

OPERATING CHARACTERISTICS (continued) 

As A.F. amplifier Fig.l 

Anode supply voltage Vb 100 200 100 200 100 200 V 

Anode resistor Ra 47 47 100 100 270 270 kS2 

Grid resistor Rg 270 270 270 270 270 270 kS2 

Grid resistor next stage Rg 100 100 270 270 470 470 kS2 

Cathode resistor R k 1.0 0.82 2.2 1.8 8.2 5.6 kS2 

Input voltage Vi 0.5 1 .0 0.5 1 .0 0.5 1 .0 VAS

Voltage gain Vo/Vi 16.4 19.0 16.4 18.6 14.8 16.2 —

Total distortion dtot 3.9 4.0 3.0 3.2 2.8 3.2 ~o 

Fig.1 
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MAINTENANCE TYPE 5719 

s.o. rusE 

Special quality triode designed for use as A.F. amplifier 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Subminiature 

Heating Indirect 

A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 150 mA 

Mutual conductance S 2.3 mA/V 

Amplification factor µ 70 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

max 10.16 
r ► 

f 

x 0 >; 

IIII Illl_ ~~w 
rzonsc 

Leads should not be soldered nearer than 5 mm to the seal. 
Leads should not be bent nearer than 2 mm to the seal. 

Dimensions in mm 
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5719 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 

III Range values for equipment design: End of life 

I II III 

Heater voltage Vf 6.3 

Heater current If 150 140 - 160 

V 

mA 

Anode supply voltage Vba 100 

Cathode resistor Rk 1500 

Anode current Ia 0.73 

Mutual conductance S 1 .7 

Internal resistance R i 41 

Amplification factor µ 70 

0.5 - 0.9 

1.4 - 2.0 

60 - 80 

min. 1.1 

V 

S2 

mA 

mA/V 

kSl 

Cut-off voltage -Vg 2.5 

max. 50 

min. 5 

V 

µA 

V 

µA 

Anode current Ia

Grid voltage -Vg 1.8 

Anode current Ia

Negative grid current -Ig max.0.3 max.0.6 µA 

V 

52 

Anode supply voltage 
Vba = 150 V 

Cathode resistor Rk = 2700 S2 

Anode supply voltage Vba 150 

Cathode resistor R k 680 

Anode current Ia 1.85 

Mutual conductance S 2.3 

Amplification factor µ 70 

Internal resistance Ri 30.5 

mA 

mA/V 

kS? 

Leakage current between 
max. 5 µA cathode and heater Ikf 

Voltage between cathode 
and heater Vkf = 100 V 
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5719 

CHARACTERISTICS (continued) 

Insulation resistance 
I II III 

between electrodes Rins min. 100 min. 25 MS2 

Voltage between slectrodes 
=100V 

Vibrational noise output Vo max . 25 mV 

Anode supply voltage Vba = 100 V 

Anode resistor Ra = 10 kS2 

Cathode by-pass capacitor Ck = 1000 pF 

Vibration frequency = 40 Hz 

Acceleration = 15 g 

CAPACITANCES I II 

Anode to cathode and heater Ca/kf 0.6 0,4 --0.8 , pF 

Grid to cathode and heater Cg/kf i.t 1.2-2.2 pF 

Anode to grid 
Cag 

0.8 0.6 - 1.0 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied 
tube . These conditions are not intended to 

Shock 

The tube is subjected 5 times in each of 
supplied by an NRL shock machine with 

Vibration 

"I he tube is subjected during 32 hours in 
quency of 50 Hz with an acceleration of 

to assess the mechanical quality of the 
be used as normal operating conditions. 

4 positions to an acceleration of 500 g 
the hammer lifted over an angle of 300 . 

each of 3 positions to a vibration fre-
2.5 g. 
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LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 1000 hours. 

Anode supply voltage Vba 150 V 

Cathode resistor R k 680 S? 

Grld resistor Rg 1 i~IS2 

Voltage between cathode 
and heater (k pos) Vkf 200 V 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 330 V 

Va max. 165 V 

Urid voltage -Vg max. 55 V 

+Vg max. 0 V 

,:Mode uissipatior. Wa max. 0.55 W 

A~~ode current Ia max. 3.3 mA 

Feak volta~=e between cathode 
and heater Vkf p max. 200 V 

Bui?: temperature tbulb max. 220 ° C 

Heater voltage Vf 
min. 6.0 V 
max. 6.6 V 

OPERATING CHARACTERISTICS 

Anode supply voltage Vba 100 100 100 100 100 100 V 

Cathode resistor R k 2.7 2.7 5.6 6.8 10 10 kSt 

Anode resistor Ra 0.1 0.1 0.27 0.27 0.47 0.47 MS2 

Grid resistor Rg 1.0 1.0 1.0 1.0 1.0 1 .0 MS2 

Grid resistor next stage Rg' 0.27 0.47 0.47 1.0 0.47 1.0 MS2 

Voltage gain Vo/Vi 37 39 41 42 40 43 

Total distortion dtot 2.4 2.1 Z.1 1.8 2.4 1.7 

4 MAINTENANCE TYPE December 1968 
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OPERATING CHARACTERISTICS 

Anode supply voltage Vba 200 200 200 200 200 200 V 

Cathode resistor Rk 1.5 1.8 3.3 3.9 5.6 6.8 kS2 

Anode resistor Ra 0.1 0.1 0.27 0.27 0.47 0.47 MS2 

Grid resistor Rg 1.0 1.0 1.0 1.0 1.0 1,0 MS2 ..~~ 

Grid resistor next stage Rg~ 0.27 0.47 0.47 1.0 0.47 1.0 MS2 

Voltage gain Vo/Vi 44 46 49 50 48 50 

Total distortion dtot 0.7 0.7 0.9 0.7 0.9 ~ 0.7 °/-o

December 1968 
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S.O. TUBE 

Special quality pentode designed for use as R.F. amplifier. 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Miniature 7 pin 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 175 mA 

Sharp cut -off 

Double control 

DIMENSIONS AND CONNECTIONS 

Base: Miniature 7 pin 

f no~~~ 

k, s 

Dimensions in mm 

nmsvo 
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5725 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

175 160 - 190 

V 

mA 

Anode voltage Va 120 V 

Grid No.2 voltage Vg2 120 V 

Grid No.3 voltage Vg3 0 V 

Grid No.l voltage -Vgl 2 V 

Anode current Ia 5.2 2.5 - 9.0 mA 

Grid No.2 current Ig2 3.5 max.5.5 mA 

Mutual conductance, grid No. l Sgl 3.2 2.5 - 4.5 
ma ~ 0~ 

mA/V 

Mutual conductance, grid No.3 Sg3 0.47 mA/V 

Internal resistance R i 150 kSl 

Negative grid No.l current -Igl max.0.1 max. 0.2 µA 

Anode voltage Va 120 V 

Grid No.2 voltage Vg2 120 V 

Grid No.3 voltage -Vg3 3 V 

Grid No.l voltage -Vgl 2 V 

Anode current Ia 3.6 mA 

Grid No.2 current Ig2 4.8 mA 

Mutual conductance, grid No.l Sgl 1.85 mA/V 

Mutual conductance, grid No.3 Sg3 0.7 mA/V 

Anode voltage Va 120 V 

Grid No.2 voltage Vg2 120 V 

Grid No.3 voltage -Vg3 ~ V 

Grid No.l voltage -Vgl 2 V 

Mutual conductance, grid No.3 So-„ 1.2 0.7 - 1.7 mA/V 
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CHARACTERISTICS (continued} I II III 

Cut-off voltage -Vgl 8 

120 

12U 

0 

max. 50 

V 

V 

V 

V 

µA 

Anode voltage Va

Grid No.2 voltage Vg2 

Grid No.3 voltage Vg3

Anode current Ia

Cut-off voltage -Vgl 6 V 

Anode voltage Va 120 V 

Grid No.2 voltage Vg2 120 V 

Grid No.3 voltage Vg3 0 V 

Anode current Ia min. 5 µr1 

Cut-off voltage -Vgl 3 V 
-Vg3 5.5 V 

Anode voltage Va 120 V 

Grid No.2 voltage Vg2 120 V 

Anode current Ia min. 5 µA 

Cut-off voltage -Vg 3 V 
-Vg3 10 V 

Anode voltage Va 120 V 

Grid No.2 voltage Vg2 120 V 

Anode current Ia max. 50 µA 

Cut -off voltage -Vgl 2 V 
-Vg2 15 V 

Anode voltage Va 120 V 

Grid. No.2 voltage Vg2 120 V 

Anode current Ia 10 µA 

Leakage current between 
max. 10 max. 10 µA cathode and heater Ikf 

Voltage between cathode and 
heater Vkf = 100 V 
Cathode negative 
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CHARACTERISTICS (continued) 

Vibrational noise Vo

Anode voltage Va = 120 V 

Grid No.2 voltage Vg2 = 120 V 

Grid No.l voltage -Vgl = 2 V 

Grid No.3 voltage Vg3 = 0 V 

Anode resistor Ra = 10 kSZ 

Vibration frequency = 50 Hz 

Acceleration = 10 g 

CAPACITANCES With external screen 

Anode to grid No.3, grid No.2, 
cathode, heater and screen 

Grid No.l to grid No.3, grid No.2, 
cathode, heater and screen 

Grid No.l to grid No.3 

Anode to grid No. l 

Grid No.l to grid No.3, grid No 2, 
cathode, heater and screen 

Cathode current Ik = 12 mA 

Frequency = 100 MHz 

Ca/g3g2kfs 

Cgl/g3g2kfs

Cglg3 

Cagl 

Cgl/g3g2kfs 

3.0 

4.0 

J.5 

II 

max.150 mV 

2.6-3.4 pF 

3.5 -4.5 pF 

max.150 mpF 

max. 20 mpF 

pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of 
the tube. These conditions are not intended to be used as normal operating 
conditions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30° . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibrationfre-
quency of 50 Hz with an acceleration of 2.5 g. 
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LIFE 

Production samples are tested to be within the end of life values (column III) 
during 1000 hours. 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Va max. 200 V 

Grid No.2 voltage Vg2 max. 155 V 

Grid No.3 voltage Vg3 max. 30 V 

Anode dissipation Wa max. 1.85 W 

Grid No.2 dissipation Wg2 max. 0.85 W 

Cathode current Ik max. 20 mA 

Voltage between cathode and heater Vkf max. 100 V 

Grid resistor with fixed bias Rgl max. 1 MSt 

Bulb temperature tbulb mom• 165 ° C 
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S.Q. DOUBLE DIODE 

Special quality double diode designed for use as detector or low-current power 
rectifier. 

QUICK REFERENCE DATA 

Life test 

Mechanical quality 

Base 

Heating 

Heater voltage 

Heater current 

Diode current 

Inverse peak voltage 

1000 hours 

Shock and vibration resistant 

Miniature 7 pin 

Indirect 

A.C. or D.C. 

Series or parallel supply 

Vf 6.3 V 

I f 300 mA 

Id 10 mA 

V(nvp 360 V 

DIMENSIONS AND CONNECTIONS 

Base: Miniature 7 pin Dimensions in mm 

max 19 

December 1968 
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CHARACTERISTICS (both systems if applicable) 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 

I II 

Heater voltage Vf 

Heater current If 

6.3 

300 275 - 325 

V 

mA 

Diode current Id 

10 

min. 40 mA 

V Diode voltage Vd 

Diode current Ido

0 

40 

0 

40 

2 - 20 

max. 5 

µA 

V 

kSl 

µA 

V 

kSt 

Diode voltage Vd 

Series resistor R 

Difference in diode current (Id_Id' I 

Diode voltage Vd

Series resistor R 

Leakage current between 
max. 10 µA cathode and heater I~ 

Voltage between cathode and 

heater V~ = 100 V 

Insulation resistance between 
min. 100 MS2 two electrodes Rins 

Voltage between electrodes = 300 V 

Resonant frequency 700 

3.2 

3.9 

2.4 - 4 

3.1 - 4.7 

max.0.026 

MHz 

pF 

pF 

pF 

CAPACITANCES 

Diode to cathode heater and screen Cd~kfs 

Cathode to diode heater and screen Ck~dfs 

Diode No.l to diode No.2 
Cdld2 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 

tube. These conditions are not intended to be used as normal operating condi-

tions . 
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Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 700g 
supplied by an NRL shock machine with the hammer lifted over an angle of 450. 

Vibration

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested during 1000 hours. 

LIMITING VALUES (Absolute max, rating system) (Per system if applicable) 

Inverse peak voltage Vinvp max. 360 V 

Diode current Id max. 10 mA 

Diode peak current Idp max. 60 mA 

Peak voltage between cathode and heater V~p max. 360 V 

Bulb temperature tbulb max. 165 °C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 5.7 V to 
7.0 V will shorten the tube life. 

OPERATING CHARACTERISTICS 

As full wave power rectifier 

A.C. supply voltage V"tr 2 x 165 VAS 

Capacitance C 8 µF 

Series resistor per diode Rs 300 S2 

Load resistor Rl 11 kS2 

D.C. current Io min. 16 mA 

As half wave rectifier (per system) 

A.C. supply voltage Vtr 117 VAS

Capacitance C 8 µF 

Series resistor Rs 300 S2 

D.C. current Io 9 mA 
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MAINTENANCE TYPE 5840 

S.Q. TUBE 

Special quality pentode designed for use A.F. and R.F. amplifier (max. fre-
quency 400 MHz) 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Subminiature 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vg 6.3 V 

Heater current If 150 mA 

Mutual conductance S 5 mA/V 

Anode current Ia 7.5 mA 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

max 10.16 ~, 

_ ~ 

M 
k 
D 
F 

I
.~• 
m 

~~~~ ~  Fy 
TZ03]34 

Leads should not be soldered nearer than 5 mm to the seal 

Leads should not be bent nearer than 2 mm to the seal. 

Dimensions in mm 
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CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

150 140 - 160 

V 

mA 

Anode supply voltage Vba 100 V 

Grid No.2 supply voltage Vbg2 100 V 

Cathode resistor Rk 150 S2 

Anode current Ia 7.5 5.5 - 9.5 mA 

Grid No.2 current Ig2 2.4 1.5 - 3.3 mA 

Mutual conductance S 5 4.2 - 5.8 min. 3.5 mA/V 

Internal resistance Ri 260 min. 175 kS2 

Negative grid No.l current -Igl max.0.3 max.0.8 µA 

Cut-off voltage -Vgl 9 V 

Anode voltage Va 100 V 

Grid No.2 voltage Vg2 100 V 

Anode current Ia 10 max. 50 µA 

Leakage current between 
max. 5 max. 10 µA cathode and heater Ikf 

Voltage between cathode and 
heater Vkf = 100 V 

Vibrational noise output Vo max. 60 mV~S

Anode supply voltage Vba =100 V 

Grid No.2 supply voltage Vbg2 = 100 V 

Cathode resistor Rk = 150 S2 

Anode resistor Ra = 10 kSl 

Cathode by-pass capacitor Ck = 1000µF 

Vibration frequency = 50 Hz 

Acceleration = 15 g 

Insulation resistance 

a to all at V = 300 V Rins min. 100 MS2 

g~ to all at V = 100 V R;,,~ min. 100 MS2 
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CAPACITANCES With external Without 
screen external shield 

I II I II 

Anode to grid No.2, cathode, 
heater and screen Ca/g2kfs 3.4 2.9-3.9 1.9 pF 

Grid No. l to grid No.2, 
cathode, heater and screen Cgl/g2kfs 4.2 3.5-4.9 4.0 pF 

Anode to grid No.l C
agl

max. 15 max. 30 mpF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of 
the tube. These conditions are not intended to be used as normal operating 
conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 1000 hours. 

Anode supply voltage Vba 100 V 

Grid No.2 supply voltage Vbg2 100 V 

Cathode resistor Rk 150 S2 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 330 V 

Va max. 165 V 

Grid No.2 voltage Vg2o max. 330 V 

Vg2 max. 155 V 

Anode dissipation Wa max. 1.1 W 

Grid No.2 dissipation Wg2 max. 0.55 W 
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LIMITING VALUES (continued) 

Cathode current Ig max. 16.5 mA 

Grid No.l voltage -Vgl max. 55 V 

Voltage between cathode and heater Vkp max. 200 V 

Grid No.l resistor Rgl max. 1.1 MS2 

Bulb temperature tbulb max. 220 °C 

OPERATING CHARACTERISTICS Fig.l 

Supply voltage V 100 150 100 150 100 150 V 

Anode resistor Ra 100 100 270 270 470 470 kS2 

Grid No.2 resistor Rg2 0.22 0.27 0.68 0.82 1.2 1.5 kS2 

Grid No.l resistor 

Total distortion 
(Vi = 0.1 VRMS) 

Voltage gain 
(Vi = 0.1 VRMS) 

Total distortion 
(+Igl = 0.3µA) 

Voltage gain 
(+Igl = 0.3µA) 

Input voltage 
(+Igl = 0.3µA) 

Rgl, 

dtot 

Vo/Vi 

dtot 

Vo/Vi 

Vi 

0.27 

2. 8 

82 

4.9 

77 

0.23 

0.27 

1.5 

115 

4.8 

109 

0.2 

0.47 

2.5 

95 

4.7 

91 

0.15 

0.47 

2.4 

132 

4.9 

128 

0.16 

1.0 

2.3 

117 

5.0 

114 

0.14 

1.0 

3.0 

167 

4. 8 

159 

0.14 

MS2 

VRMS 

Fig.l 

rzoms~ 
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MAINTENANCE TYPE 5842 

S.O. TUBE 

Special quality triode designed for use as grounded grid H. F . and I. F . wide 
band amplifier. 

QUICK REFERENCE DATA 

Life test 1000 hours 

Lo~v interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval 

Heating Indirect 
A.C. or D.C.; Parallel supply 

Heater voltage V f 

Heater current 

Anode current 

Transconductance 

If

Ia

S 

6.3 V 

300 mA 

26 mA 

24 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

~zowis 

max 22 

naaso 

Dimensions in mm 
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CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 

I II 

Heater voltage Vf 

Heater current If

6.3 

300 280 - 320 

V 

mA 

Anode supply voltage Va 150 V 

Cathode resistor Rk 60 S2 

Anode current Ia 26 19 - 33 mA 

Mutual conductance S 24 19 - 29 mA/V 

Amplification factor µ 50 

Negative grid current —Ig max.0.2 µA 

Cut -off voltage —V8 10 ~' 

Anode current Ia =max. 100 µA 

Leakage current between 
max. 15 µA cathode and heater Ikp 

Voltage between cathode and 

heater V~(cath.pos.) = 100 V 

Insulation resistance between 

min. 100 MS2 electrodes R ins 

Voltage between electrodes = 300 V 

Vibrational noise output Vo max. 100 mV 

Anode supply voltage Vba = 150 V 

Anode resistor Ra = 2 kSt 

Negative grid voltage —Vg = 2 V 

Vibration frequency = 20-2000 Hz 

Acceleration = 4 g 
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5842 

CAPACITANCES I II 

Anode to cathode and heater Ca/~ max.0.55 pF 

Cathode to grid and heater Ck/gf 9.0 8- 10 pF 

Anode to grid and heater Ca/gf 1.8 1.5 -1.95 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested 
during 1000 hours. 

LIMITING VALUES Absolute maximum rating system 

Anode voltage Vao max. 400 V 

Va .max. 200 V 

Anode dissipation Wa max. 4.5 W 

Grid voltage -Vg max. 50 V 

Grid peak voltage -Vgp max. 100 V 

Cathode current Ik max. 38 mA 

Voltage between cathode and heater Vkf max. 60 V 

Bulb temperature tbulb max. 160 ° C 

Grid resistor: fixed bias Rg max. 0.15 Iv4S2 

automatic bias Rg max. 0.3 MS2 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 to 
6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 
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MAINTENANCE TYPE 5839 

S.Q. TUBE 

Special quality pentode designed for use as controlled R . F . or I. F . amplifier 
(max. freq. 400 MHz). 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Subminiature 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 150 mA 

Anode current Ia 7.2 mA 

Mutual conductance S 4.5 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

9~ 

k,g3 ~za rols nu u~ 

Leads should not be soldered nearer than 5 mm to the seal 
Leads should not be bent nearer than 2 mm to the seal 

Dimensions in mm 
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5899 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

150 140-160 

V 

mA 

Anode voltage Va 100 V 

Grid No.2 voltage Vg2 100 V 

Cathode resistor R k 120 ~ 

Ar_ode current Ia 7.2 5.2-9.2 mA 

Grid No.2 current Ig2 2.0 1.0-3.0 mA 

DS max. 
Mutual conductance S 4.5 3.8-5.2 

25~o 
mA/V 

Internal resistance Ri 260 min.175 kSl 

Negative grid No.l current —Igl max.0.3 max. 0.8 µA 

Mutual conductance S 25 1- 75 µA/V 

Grid No.l voltage —Vgl 14 V 

Leakage current between 
max. 5 max. 10 µA cathode and heater I~ 

Voltage between cathode and 
heater Vkf = 100 V 

Insulation resistance between 

electrodes Rins min. 100 MS2 
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CHARACTERISTICS (continued) 

Vibrational noise output 

1 II 

~' o max . 60 m ~' R i~~iS 

Anode supply voltage 
Vba = 100 V 

Grid No.2 supply voltage 
Vbg2 = 100 V 

Cathode resistor Rk = 120 S2 

Anode resistor Ra = 10 kS2 

Grid No. l resistor Rgl = 1 MSZ 

Cathode bypass capacitor 
Ck = 1000 µF 

Vibration frequency = 50 Hz 

Acceleration = 15 g 

CAPACITANCES With external shield 

Anode to grid No.2, cathode 
heater and screen Ca/g2kfs 3.4 2.9 -3.9 pF 

Grid No.l to grid No.2, cathode 

heater and screen 
Cg'1 /g2kfs 4.2 3.8 -4.8 pF 

Anode to grid No.l Cagl 
max. 15 mpF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating con-
ditions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 

supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-

quency of 50 Hz with an acceleration of 2.5 g. 
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LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 1000 hours. 

Anode voltage Va 100 V 

Grid No.2 voltage Vg2 100 V 

Cathode resistor Rk 120 S2 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Va max. 165 V 

Grid No.2 voltage Vg2 max. 155 V 

Anode dissipation Wa max. 1.1 W 

Grid No.2 dissipation Wg2 max. 0.55 W 

Cathode current Ik max. 16.5 mA 

Voltage between cathode and heater Vkf max. 200 V 

Grid No.l resistor Rgl max. 1.2 MS2 

Bulb temperature tbulb max. 220 °C 
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MAINTENANCE TYPE 5902 

S.Q. TUBE 

Special quality pentode designed for use as A. r. power output tube. 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Siiock and vibration resistant 

Base Subminiature 

Heating Indirect 
A.C. or D.C. ; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 450 mA 

Anode current Ia 30 mA 

Output power Wo 1.0 ~y 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

max 10.16 

~~ 
rzaaas 

'The leads should not be soldered nearer than 5 mm to the seal and should not be 
bent nearer than 1. 5 mm to the seal. 

Dimensions in mm 
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CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage V f 

Heater current If 

6.3 

450 420 - 480 

V 

mA 

Anode voltage Ya 100 V 

Grid No.2 voltage Vg2 100 V 

Grid No. l voltage -Vgl 9 V 

Anode current Ia 30 mA 

Grid No.2 current Ig2 2.2 mA 

Mutual conductance S 4.2 mA/ V 

Anode supply voltage Vba 109 V 

Grid No.2 supply voltage Vbg2 109 V 

Cathode resistor Rk 270 S2 

Anode current Ia 30 23 - 37 mA 

Grid No.2 current Ig2 2.2 max. 4.0 mA 

Mutual conductance S 4.2 3.5 - 4.9 mA/V 

Internal resistance Ri 15 min. 10 kS2 

Negative grid No. l current -IIgl 1 2 µA 

Output power Wo 1.0 min.0.75 
OW 25~ax. 

W 
0 

Load resistance Ram = 3 kSl 

Leakage current between 
max. 1~ max. 60 µA cathode and heater I~ 

Voltage between cathode 
and heater V~ = 100 V 
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CHARACTERISTICS (continued) 

II 

Vibrational noise output 

Anode supply voltage Vba = 110 V 

Grid No.2 supply voltage Vbg2 = 110 V 

Cathode resistor Rk = 270 S2 

Cathode by-pass capacitor Ck = 1000 pF 

Anode resistor Ra = 2 kSl 

Vibration frequency = 50 Hz 

Acceleration = 15 g 

Vo max. 100 mV ~g 

CAPACITANCES 
I II 

Anode to grid No.2, cathode, 
heater and screen Ca/g2kfs 7.2 6.5 - 8.5 pF 

Grid No.l to grid No.2 cathode, 
heater and screen 

Cgl~g2kfs 6.5 5.5 - 7.5 pF 

Anode to grid No. l 
Cagl 

max. 0.2 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 
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LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 1000 hours 

Anode supply voltage Vba 109 

109 Grid No.2 supply voltage Vbg2 
Cathode resistor Rk 270 

LIMITING VALUES (Absolute max. rating system) 

V 

V 

Sl 

Anode voltage Vao max. 330 V 

Va max. 165 V 

Grid No.2 voltage Vg2o max. 310 V 

Vg~ max. 155 V 

Grid No.l voltage -Vgl max. 55 V 

Anode dissipation Wa max. 4 W 

Grid No.2 dissipation Wg2 max. 1 W 

Cathode current Ik max. 50 mA 

Peak voltage between cathode and heater V~ max. 200 V 

Grid No.l resistor, fixed bias Rgl max. 0. 1 MS2 

automatic bias Rgl max. 0.55 MS2 

Bulb temperature tbu~ max. 220 ° C 
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MAINTENANCE TYF~E 6021 

S.Q. TUBE 

Special quality double triode designed for use as R.F. amplifier and oscillator. 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Subminiature 

Heating Indirect 

A.C. or D.C. ; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 300 mA 

Anode current Ia 6. 5 mA 

Mutual conductance S 5.4 mA/V 

DIMENSIONS AND CONNECTIONS 

lZ00/12 

max 10.16 

Dimensions in mm 

Connections should not be soldered nearer than 5 mm to the seal. 

Leads should not be bent nearer than 1.5 mm to the seal. 
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6021 

CHARACTERISTICS (both sections if applicable) 

Column I Nominal value or setting of the tube 
II Range values for equipment design Initial spread 
III Range values for equipment design End of life 

I II III 

Heater voltage Vp 

Heater current If 

6.3 

300 280 - 320 

V 

mA 

Anode voltage Va 100 V 

Cathode resistor Rk 150 S2 

Anode current Ia 6.5 4, 5 - 8. ~ mA 

Difference in anode current 
of both systems ~ Ia-Ia I max, 1.6 mA 

Mutual conductance S 5.4 4.45 - 6.35 ~ 2'S fix ' mA/V 
0 

Amplification factor µ 35 30 - 40 

Internal resistance Ri 6.5 kSZ 

Cut-off voltage -Vg max. 6. 5 V 

Anode voltage Va 100 V 

Anode current Ia 100 µA 

Negative grid current -Ig max. 0.3 max. 1.0 µA 

Anode voltage Va 150 V 

Cathode resistor Rk 300 S2 

Grid resistor Rg 1 MS2 

Leakage current between 
max. 5 max. 10 µA cathode and heater I~ 

Voltage between cathode 
and heater V~ = 100 V 

Insulation resistance between 
min. 100 min. 50 MS2 two electrodes Rins 

Voltage between 
electrodes = 100 V 
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6021 

CHARACTERISTICS (continued) 

Vibrational noise output 

Anode supply voltage Vba = 100 V 

Anode resistor Ra = 10 kS2 

Cathode resistor Rk = 150 S2 

Cathode by pass capacitor C = 101 

Vibration frequency = 40 Hz 

Acceleration = 15 g 

CAPACITANCES 

Grid to cathode and heater 

Anode to cathode and heater 

Anode to grid 

Grid to grid other section 

Anode to anode other section 

I II III 

V~ max. 35 mV~;

)0 µF 

Cg/kf 2.4 1,8 - 3.0 pF 

Ca/kf 0.28 0.20 - 0.36 pF 

Ca'/k'f 0.32 0.22 - 0.42 pF 

Cag 1.5 1,2 - 1.8 pF 

Cgg ~ max. 0.013 pF 

Caa~ max. 0.52 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2. S g. 

LIFE 
Production samples are tested to be within the end of life values (column III) un-
der the following conditions during 1000 hours: 

Anode voltage 

Cathode resistor 

Va =100V 

Rk = 150 S2 

Voltage between 
cathode and heater V~ = 200 V 
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LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 330 V 

Anode voltage Va max. 165 V 

Anode dissipation Wa max. 0.7 W 

Anode current Ia max, 22 mA 

Grid voltage -Vg max. 55 V 

Grid current Ig max. 5. 5 mA 

Grid resistor Rg max. 1.1 MS2 

Voltage between cathode and heater 
d.c. or peak value V~ max. 200 V 

Bulb temperature tbulb max. 220 ° C 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 6.0 V to 
6.6 V will shorten the tube life. 
The tolerance of heater current (column II) should be taken into 
account. 
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MAINTENANCE TYPE 6080 

S.O. TUBE 

Special quality double triode designed for use as series regulator tube in d.c. 
power supplies, in servo application and as booster triode. 

QUICK REFERENCE DATA 

Life test 500 hours 

Mechanical quality Shock and vibration resistant 

Base Octal 

Heating Indirect 
A. C . or D. C . ; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 2.5 A 

Anode current Ia 100 mA (each section) 

Mutual conductance S 6.5 mA/V 

Internal resistance Ri 300 Sl 

DIMENSIONS AND CONNECTIONS 

Base: Octal 

r 

,~ 
m 

0 
E 

1 

x 
0 
E 

max43.5~
rraaez 

Dimensions in mm 
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6080 

CHARACTERISTICS Each section if applicable 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 

Heater voltage 

Heater current 

I II 

Vf

If

6.3 

2.5 2.26 -2.74 

V 

A 

Anode voltage Va 100 V 

Cathode resistor Rk 300 

Anode current Ia 100 mA 

Mutual conductance S 6.5 mA/V 

Amplification factor µ 2 

Internal resistance Ri 300 

Anode supply voltage Vba 135 V 

Cathode resistor Rk 250 S2 

Anode current 1) Ia 125 100 - 150 mA 

Mutual conductance S 7.0 5.8 - 8.2 mA/V 

Amplification factor µ 2.0 1.4 - 2.6 

Internal resistance Ri 280 S2 

Negative grid current 
(g connected to g`) 

-Ig max. 4.0 µA 

1) Max. duration 1 s 
Operation with Wa and Ia at the absolute maximum limiting values. 
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CHARACTERISTICS (continued) 

Vibrational noise output 

Two sections in parallel 

Anode supply voltage Vba = 135 V 

Grid voltage -Vg = 7 V 

Anode resistor Ra = 2 kSZ 

Vibration frequency = 25 Hz 

Acceleration = 2.5 g 

Vo

I II 

CAPACITANCES Each system if applicable 

Anode to grid Cag 8.6 

Anode to cathode and heater Ca/kf 2 • ~ 

Grid to cathode and heater Cg/kf ~ • ~ 

Cathode to heater Ckf ~ 

Anode to anode other section Caa' 2.2 

Grid to grid other section Cgg~ 0.5 

SHOCK AND VIBRATION RESISTANCE 

max. 0.2 VRMS 

pF 

pF 

pF 

pF 

pF 

pF 

The following test conditions are applied to assess the mechanical quality of 
the tube. These conditions are not intended to be used as normal operating 
conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibrationfre-
quency of 25 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested during 500 hours. 
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Soso

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 550 V 

Va max. 250 V 

Anode inverse peak voltage Va invp max. 3 kV 

Duty factor max. 0.15 

Pulse duration max. 10 µsec 

Cathode current Ik max. 125 mA 

Grid peak voltage -Vgp max. 2.3 kV 

Duty factor max. 0.15 

Pulse duration max. 10 µsec 

Anode dissipation Wa max. 13 W 

Voltage between cathode and heater, peak Vkfp max. 300 V 

Grid resistor Automatic bias Rg max. 1.0 MS2 

Fixed bias Rg max. 0.1 MSl 1) 

Bulb temperature tbulb max. 260 °C 

1) With fixed bias the anode circuit should contain a protective resistance to 
provide a minimum drop of 15 V d.c. at the normal operating conditions. 
When two or more sections are used in parallel at dissipations approaching. 
the rated maximum, separate anode and cathode resistors must be used to 
assist load sharing. 
When combined fixed and automatic bias is used, the cathode bias portion 

should have a minimum value of 7.5 V d.c. at the normal operating condi-
tions. Rg should then not exceed 0.1 MS2. 
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MAINTENANCE TYPE 6111 

S.Q. TUBE 

Special quality double triode designed for use as amplifier mixer and oscillator. 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Subminiature 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 300 mA 

Anode current Ia 8.5 mA 

Mutual conductance S 5 mA/ V 

DIMENSIONS AND CONNECTIONS 

max 10.16 

~~~~ 
__
~ ~~~~ 

Dimensions in mm 

The leads should not be soldered nearer than 5 rnm to the seal and should not be 
bent nearer than 1 .5 mm to the seal. 
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CHARACTERISTICS (Each system if applicable) 

Column I Nominal values or setting of the tube 
II Range values for equipment design: Initial spread 

III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

300 280 - 320 

V 

mA 

Anode voltage Va 100 V 

Grid voltage -Vg 1 .9 V 

Anode current Ia 8.5 mA 

Mutual conductance S 5 mA/V 

Amplification factor µ 20 17 - '23 

Internal resistance Ri 4 kS2 

Anode voltage Va 100 V 

Cathode resistor R k 220 S2 

Anode current Ia 8.5 6.0 - 11 mA 

Difference in anode 
current of two sections IIa -Ia 'I max. 2 mA 

Mutual conductance S 5 4.1 - 5.9 min. 3.5 mA/V 

Negative grid current -Ig max.0.3 max.1.0 µA 

Cut-off voltage -Vg 9 V 

Anode voltage Va 100 V 

Anode current Ia max.100 µA 

Leakage current between 
max. 5 max. 10 µA cathode and heater Ikf 

Voltage between cathode 
and heater Vkf = 100 V 
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CHARACTERISTICS (continued) 
I II 

Vibrational noise output Vo max. 50 mVRMS 

Anode supply voltage Vba = 100 V 

Cathode resistor Rk = 220 S2 

Anode resistor Ra = 10 kS2 

Grid resistor Rg = 0.1 MS2 

Cathode by-pass capacitor Ck = 1000 µF 

Vibration frequency = 50 Hz 

Acceleration = 15 g 

CAPACITANCES 

Anode to cathode and heater Ca/kf 0.28 0.2-0.36 pF 

Ca'/k'f 0.32 0.22-0.42 pF 

Grid to cathode and heater Cg/kf 1.9 1 .4- 2.4 pF 

Anode to grid Cag 1.5 1.2- 1.8 pF 

Grid to grid other section Cgg+ max. 13.0 mpF 

Anode to anode other section Caa + max. 0.5 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to beuseci as normal operating conditions. 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration 

The tube is subjeeted during 32 hours in each of 3 positions to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 1000 hours. 

Anode voltage 

Cathode resistor 

Va

Rk 

100 V 

220 S2 
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LIMITING VALUES (Absolute max. rating system) 

Anode voltage Va max. 330 V 
0 

Va max. 165 V 

Grid voltage +Vg max. 0 V 

-Vg max. 55 V 

Grid current Ig max. 5.5 mA 

Anode dissipation W a max. 1.1 W 

Cathode current Ik max. 22 mA 

Peak voltage between cathode 
and heater V~p max. 200 V 

Grid resistor Rg max. 1 MS2 

Bulb temperature tbulb max. 220 °C 

MAINTENANCE TYPE December 1968 
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MAINTENANCE TYPE 6112 

S.Q. TUBE 

Special quality double triode designed for use as A.F. amplifier and multivi-
brator . 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Subminiature 

Heating Indirect 
A.C. or D.C.; parallel supply 

Heater voltage Vf 6.3 V 

Heater current If 300 mA 

Anode current Ia 0.8 mA 

Mutual conductance S 1.8 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

f 

IC —k, 7204029 7Zp7/3 

The leads should not be soldered nearer than 5 mm to the seal and should not be 
bent nearer than 1.5 mm to the seal. 

Dimensions in mm 

December 1968 1 



6112 

CHARACTERISTICS 

Column I Nominal values or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

6.3 

300 280 -320 

ti

mA 

Anode voltage Va 100 V 

Grid voltage —Vg 1.2 V 

Anode current Ia 0.8 mA 

Mutual conductance S 1.8 mA/V 

Amplification factor µ 70 

Internal resistance Ri 38.8 kS2 

Anode voltage Va 100 V 

Cathode resistor Rk 1500 S2 

Anode current Ia 0.8 0.5 - 1.1 mA 

Mutual conductance S 1.8 1.5 - 2.1 mA/V 

Amplification factor µ 70 60 - 80 

Cut off voltage —Vg 2.8 V 

Anode voltage Va 100 ~' 

Anode current Ia max. 50 µA 

Leakage current between 
max. ~ max. 10 µA cathode and heater Ikf

Voltage between cathode 
and heater Vkf = 100 V 

Negative grid current —Ig max.0.3 max. 0.9 µA 

Anode voltage Va 150 V 

Cathode resistor Rk 820 2 
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CHARACTERISTICS (continued) I II 

Vibrational noise output Vo max. 25 mVRMS 

Anode supply voltage Vba = 100 V 

Cathode resistor Rk = 1500 S2 

Anode resistor Ra = 10 kSZ 

Grid resistor Rg = 0.1 MS2 

Cathode bypass capacitor Ck = 1000 uF 

Vibration frequency 50 Hz 

Acceleration 15 g 

CAPACITANCES 

Anode to cathode and heater Ca/kf 0.23 0.16 -0.30 pF 

Ca /k'f 0.28 0.21 -0.35 pF 

Grid to cathode and heater Cg/kf 1.7 1.3 - 2.1 pF 

Anode to anode other section Caa' max. 0.8 pF 

Grid to grid other section Cgg~ max. 14.0 mpF 

Anode to grid Cag 1 .0 0.8 - 1.2 pF 

SHOCK AND VIBRATION RESISTANCE 
The following test conditions are applied to assess the mechanical quality of the 

tube. These conditions are not intended to be used as normal operating con-
ditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300 . 

Vibration 

The tube is subjected during 32 hours in each of 3 positions ~to a vibration fre-
quency of 50 Hz with an acceleration of 2.5 g. 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 1000 hours. 

Anode supply voltage 

Cathode resistor 

Vba 

Rk

100 V 

1500 S2 
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LIMITING VALUES (Absolute max. rating system) 

Anode voltage 

Grid voltage 

Anode dissipation 

Anode current 

Peak voltage between cathode and heater 

Grid resistor 

Bulb temperature 

Vao max. 330 V 

Va max. 165 V 

+Vg max. 0 V 

-Vg max. 55 V 

Wa max. 0.55 W 

Ia max. 3.3 mA• 

V~p max. 200 V 

Rg max. 1 MSZ 

tbulb max. 220 °C 
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6189 

S.Q. TUBE 

Special quality double triode designed for use as A.F. amplifier. 

QUICK REFERENCE DATA 

Life test 1000 hours 

Mechanical quality Shock and vibration resistant 

Base Noval 

Heating Indirect 
A.C. or D.C. ; Parallel supply 

Heater voltage Vf 6.3 or 12.6 V 

Heater current If 300 or 150 mA 

Anode current Ia 11 .8 mA 

Mutual conductance S 3.2 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: 'oval 

]204044 7203450 

Dimensions in mm 
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61 X39 

CHARACTERISTICS (Both sections if applicable) 

Column I Nominal values or setting of the tube 
II Range values for equipment design: Initial spread 

III Range values for equipment design: End of life 

I II III 

Heater voltage (pin 9 and 4+ 5) Vf

Heater current If 

Heater voltage (pin 4 and 5) Vf 

Heater current If

6.3 

300 

12.6 

150 

276- 324 

V 

mA 

V 

mA 

Anode voltage Va 100 V 

Grid voltage -Vg 0 V 

Anode current Ia 11 .8 mA 

Mutual conductance S 3.2 2.5- 4.0 mA/V 

Amplification factor µ 19.5 

Internal resistance Ri 6.25 kSt 

Anode voltage Va 250 V 

Grid voltage -Vg 8.5 V 

Anode current Ia 10.5 6.5-14.5 mA 

Mutual conductance S 2.2 1 .8- 2.6 min. 1.5 mA/V 

Amplification factor µ 17 15.5-18.5 

Internal resistance R i 7.7 k<? 

Negative grid current -Ig max. 0.5 max.0.5 µA 

Cathode peak current Ikp min. 400 mA 

Anode voltage Va 250 V 

Grid voltage Vg 55 V 

Cut-off voltage -Vg 25 V 

Anode voltage Va 250 V 

Anode current Ia max. 20 µA 
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CHARACTERISTICS (continued) 

Leakage current between 
I iI III 

max. 5 max. 5 µA cathode and heater Ikf 

Voltage between cathode 
and heater Vkf = 100 V 

Vibrational noise output Vo max. 100 mV~S

Anode voltage Va = 250 V 

Grid voltage -Vg = 8.5 V 

Anode resistor Ra = 2 kS2 

Grid resistor Rg = 0.1 MSZ 

Vibration frequency = 50 Hz 

Acceleration = 10 g 

CAPACITANCES 

Anode to cathode and heater Ca/kf 0.5 0.3- 0.7 pF 

Ca'/k'f 0.4 0.2- 0.6 ph 

Grid to cathode and heater Cg/ kf 1.6 1.25-1.95 pF 

Anode to grid Cag 1.5 1.2- 1.8 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 

tube. These conditions are not intended to be used as normal operating conditions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NRL shock machine with the hammer lifted over an angle of 300. 

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-

quency of 50 Hz with an acceleration of 2.5 g. 

December 1968 
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LIFE 

Production samples are tested to be within the end of life values (column III) 

under the following conditions during 1000 hours. 

Anode voltage Va 250 

Grid voltage -Vg 8.5 

LIMITING VALUES (Absolute max. rating system) 

V 

V 

Anode voltage Va max. 330 V 

Anode dissipation Wa max. 3 W 

Cathode current Ik max. 22 mA 

Grid resistor: fixed bias Rgl max. 0.5 MS2 

automatic bias Rgl max. 1.0 MS2 

Voltage between cathode and heater V~ max. 110 V 

i3ulb temperature tbulb max. 165 ° C 

4 December 1968 
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621 

S.Q. TUBE 

Special quality double triode designed for use as R.F. amplifier in grounded 
grid circuits, frequency changer (max. freq. 300 MHz) in mobile and industrial 
equipment with intermittent operation, and on-off control applications where 
operation under cut-off conditions is required. 

QUICK REFERENCE DATA 

Life test 500 hours 

Low interface resistance 

Mechanical quality Shock and vibration resistant 

Base Noval. Gold plated pins 

Heating Indirect 
A.C. or D.C. 
Parallel or series supply 

Heater voltage Vf 6.3 or 12.6 V 

Heater current If 300 or 150 mA 

Anode current Ia 10 mA 

Mutual conductance S 5.5 mA/V 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

Dimensions in mm 

rz

axso 
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CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage (pin 9 and 4 + 5) Vf 

Heater current If 

Heater voltage (pin 4 and 5) Vf 

Heater current If 

6.3 

300 

12.6 

150 138 - 162 

V 

mA 

V 

mA 

Anode voltage Va 100 V 

Cathode resistor Rk 270 S2 

Anode current Ia 3.3 mA 

Mutual conductance S 4.0 mA/V 

Internal resistance Ri 14.3 kS2 

Amplification factor µ 57 

Cut-off voltage -Vg 5 V 

Anode voltage Va 100 V 

Anode current Ia 10 µA 

Anode voltage Va 250 V 

Cathode resistor Rk 200 S2 

Anode current Ia 10 7 - 14 mA 

Mutual conductance S 5.5 4.5 - 6.5 min. 3.8 mA/V 

Internal resistance Ri 10.9 k2 

Amplification factor µ 60 50 - 70 

Difference in anode current 
of two systems Ia -Ia'I max. 3.2 mA 

Negative grid current -Ig max. 0.7 max.0. 7 µA 

Cut-off voltage -Vg 12 V 

Anode voltage Va 250 V 

Anode current Ia 10 µA 

December 1968 
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CHARACTERISTICS (continued) 

Cut-off voltage 

I II III 

-Vg

Va

Ra

Ia

20 

250 

0.1 

max.100 

V 

V 

MS2 

µA 

Anode supply voltage Va = 250 V 

Anode resistor Ra = 0.1 MS2 

Anode current Ia =max. 100 µA 

Vibrational noise output Vo max.100 mVRMS 

Anode supply voltage Vba = 200 V 

Grid voltage -Vg = 3 V 

Anode resistor R a = 2 kS2 

(two sections in parallel) 

Vibration frequency 25 Hz 

Acceleration 2.5 g 

Leakage current between 
I~1 max. 10 max. 10 µA cathode and heater 

Voltage between cathode and 

heater Vkf = 100 V 

Insulation resistance between 

Rins 

Rins 

min. 100 

min. 100 

min. 

min. 

50 

50 

MS2 

MS2 

grid and cathode (V = 100 V) 

anode and cathode (V = 300 V) 

CAPACITANCES (Both sections if applicable) 

Without external shield I II 

Anode to grid Cag 1.6 1.3 - 1.9 pF 

Grid to cathode and heater Cg/~ 2.5 2.0 - 3.0 pF 

Anode to cathode and heater Ca/~ 0.45 0.2 - 0.7 pF 

C a'/k'f 0.38 0.16 - 0.60 pF 

Cathode to heater C~ 2.8 2.1 - 3.5 pF 

Anode to anode other section Caa` 0.24 0.15 - 0.33 pF 

Cathode to grid and heater C k/gf 5.0 pF 

Anode to grid and heater Ca/~ 1.9 pF 

Ca'/g'f 1.8 pF 

Anode to cathode Cak 0.2 pF 

Ca~k~ 0.24 pF 
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6201 

CAPACITANCES (Both sections if applicable) (continued) 

With external shield connected to the applicable cathode 

Anode to grid Cag 1. 6 pF 

Grid to cathode and heater Cg/~ 2. 5 pF 

Anode to cathode and heater Ca/kf 1.2 pF 

Ca'/k'f 1.3 pF 

Cathode to heater C~ 2. 8 pF 

With external shield connected to the applicable grid 

Cathode to grid and heater Ck/gf 5.0 pF 

Anode to grid and heater Ca/gf 2.7 pF 

Anode to cathode Cak 0.18 pF 

Ca ' k ' 0.2 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 

tube. These conditions are not intended to be used as normal operatingcondi-

tions 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 600 g 

supplied by an NRL shock machine with the hammer lifted over an angle of 420

Vibration 

The tube is subjected during 32 hours in each of 3 positions to a vibration fre-
quency of 25 Hz with an acceleration of 2.5 g 

LIFE 

Production samples are tested to be within the end of life values (column III) 
under the following conditions during 500 hours 

Anode supply voltage 

Cathode resistor 

Vba = 250 V 

Rk = 200 S2 
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LIMITING VALUES (Absolute max. rating system) 

Anode voltage Vao max. 600 V 

Va max. 330 V 

Anode dissipation W~ max. 2.8 W 

Grid voltage —Vg max. 55 V 

Grid current Ig max. 250 µA 

Grid resistor, fixed bias Rg max. 0.25 MSl 

'automatic bias Rg _max. 1.0 MS2 

Cathode current Ik max. 18 mA 

Voltage between cathode and heater V~ max. 100 V 

Bulb temperature tbu~ max. 200 oC 1) 

Heater voltage: The average heater voltage should be 6.3 V. 
Variations of the heater voltage exceeding the range of 5.7 to 

7.0 V will shorten the tube life. 

OPERATING CHARACTERISTICS 

Vi 

Fig. l 

1) Tube life and reliability of performance will be enhanced by operation at lower 
temperatures. 
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OPERATING CHARACTERISTICS 

As A.F. amplifier 

Resistance of voltage source = 200 S2 

Anode supply voltage Vba 90 90 90 90 90 90 V 

Anode resistor Ra 0.1 0.1 0.24 0.24 0.51 0.51 MS2 

Cathode resistor Rk 1600 1800 3800 4200 8000 9600 S2 

Grid resistor of next stage Rg~ 0.1 0.24 0.24 0.51 0.51 1.0 MS2 

Ouput voltage (dtot = 5 ~) Vo 5.3 7.8 7.2 9.4 8.3 10 Vag 

Voltage gain (Vo = 2 VRMS) Vo/Vi 26 29 28 30 28 29 

Anode supply voltage Vba 180 180 180 180 180 180 V 

Anode resistor Ra 0.1 0.1 0.24 0.24 0.51 0.51 MS2 

Cathode resistor Rk 1100 1400 2800 3300 5600 6700 Sl 

Grid resistor of next stage Rg~ 0.1 0.24 0.24 0.51 0.51 1.0 MS2 

Output voltage (dtot = 5~) Vo 12 17 16 20 18 23 VRMS 

Voltage gain (Vo = 2 VAS) Vo/Vi 31 33 32 33 31 32 

Anode voltage Vba 300 300 300 300 300 300 V 

Anode resistor Ra 0.1 0.1 0.24 0.24 0.51 0.51 MS2 

Cathode resistor Rk 1000 1200 3300 2800 4900 6000 S2 

Grid resistor of next stage Rg~ 0.1 0.24 0.24 0.51 0.51 1.0 MS2 

Output voltage (dtot = 5°Jo) Vo 22 30 28 35 31 38 VRMS 

Voltage gain (Vo = 2 VAS) Vo/Vi 32 33 34 33 33 33 
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OPERATING CHARACTERISTICS (continued) 

Resistance of voltage source 100 kSZ 

Anode supply voltage Vba 90 90 90 90 90 90 V 

Anode resistor Ra 0.1 0.1 0.24 0.24 0.51 0.51 MS2 

Cathode resistor Rk 2000 2400 4700 5300 9300 11000 S2 

Grid resistor of next stage Rg~ 0.1 0.24 0.24 0.51 0.51 1.0 MSl 

Output voltage (dtot = 5 ~) Vo 9.9 13 12 15 13 16 VRMS 

Voltage gain (Vo = 2 VRMS) Vo/Vi 25 27 27 28 27 28 

Anode supply voltage Vba 180 180 180 180 180 180 V 

Anode resistor Ra 0.1 0.1 0.24 0.24 0.51 0.51 MS2 

Cathode resistor Rk 1200 1400 2900 3600 6000 7100 S2 

Grid resistor of next stage ~' 0.1 0.24 0.24 0.51 0.51 1.0 MS2 

Output voltage (dtot = 5 ~o) Vo 17 28 25 31 27 33 VRMS 

Voltage gain (Vo = 2 VRMS) Vo/Vi 31 33 32 33 31 32 

Anode supply voltage Vba 300 300 300 300 300 300 V 

Anode resistor Ra 0.1 0. 1 0.24 0.24 0.51 0.51 MS2 

Cathode resistor Rk 900 1200 2300 2900 5000 6400 S2 

Grid resistor of next stage Rg ~ 0. 1 0.24 0.24 0.51 0, 51 1.0 MS2 

Output voltage (dtot = 5 ~) Vo 35 47 42 52 45 55 VAS 

Voltage gain (Vo = 2 VAS) Vo/Vi 33 33 34 34 33 34 
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6086 18042 

S.Q. TUBE 

Pentode designed for use in telephone equipment. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Low interface resistance 

Base Noval 

Heating Indirect 
A.C. or D.C. 
Series or parallel supply 

Heater voltage 

Heater current 

Anode current 

Mutual conductance 

Vf

If 

Ia

S 

18 V 

I00 mA 

10 mA 

9 mA/V 

DIMENSIONS AND CONNECTIONS Dimensions in mm 

Base: Noval 

g3,s 

t 

92

7204010 7204009 

December 1968 1 



18042 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

18 

100 95 - 105 

V 

mA 

Anode voltage Va 2i0 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 120 V 

Cathode resistor Rk 165 S? 

Anode current Ia l0 8.7 - 11 .3 min. 7 r, A 

Grid No.2 current Ig2 2.1 1.7 - 2.5 min. 1 .25 mA 

Mutual conductance S 9 7.8 - 10.2 min. 6.4 mA/V 

Internal resistance R i 0.5 min. 0.3 MP. 

Amplification factor µg2g1 38 

Equivalent noise resistance 

R.F. Req 750 max.1000 S2 

A.F. (0-10 kHz) R eq max. 36 kSt 

Negative grid current -Igl max. 0.5 max. LO µA 

Cut-off voltage -Vg max.5.25 V 

Anode voltage Va 210 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 120 V 

Anode current Ia 0.5 mA 

Hum voltage Vgl max. 0.5 mV~s

Grid No.l resistor Rgl = 0.5 MS2 

Leakage current between 
max. 20 µA cathode and heater Iii 

Vnitao-a harween cathnria and 

heater V~ = 100 V 

2 December 1968 
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18042 

CAPACITANCES 

Anode to grid No.2, grid No.3, 
cathode and heater 

Grid No.l to grid No.2, grid No.3, 
cathode, heater and screen 

Anode to grid No.l 

Grid No.l to heater 

Cathode to heater 

Grid No.l to grid No.2, grid No.3, 
cathode, heater and screen 

Cathode current = 12.1 mA 

Radiation capacitance: 

Anode to surrounding box, inner 
diam. 52 mm, height 98 mm 

Grid No. l to surrounding box, inner 
diam. 52 mm, height 98 mm 

Crgl 

LIFE 

Ca/g2g3kfs 

Cgl/g2g3kfs 

Cagl 

Cglf 

C kf 

Cgl/g2g3kfs 

Cra 

II 

3.5 max. 4.1 pF 

8.0 max. 8.7 pF 

max.0.015 pF 

max. 0.15 pF 

pF 

11.3 pF 

max.0.025 pF 

max.0.025 pF 

Production samples are tested to be within the end of life values (column III) 
during 10000 hours. 

LIMITING VALUES Design centre rating system 

Anode voltage 

Anode dissipation 

Grid No.2 voltage 

Grid No.2 dissipation 

Cathode current 

Grid No.l resistor (automatic bias) 

Voltage between cathode and heater 

Bulb temperature 

Vao max. 550 V 

Va max . 210 V 

Wa max. 2.1 W 

Vg2 
0 

max.. 550 V 

Vg2 max. 210 V 

Wg2 max. 0.35 W 

Ik max. 16 mA 

Rgl max. 1 MS2 

Vkf max. 100 V 

tbulb max. 170 °C 
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18042 

LII~ITTING VALUES (continued) 

Heater voltage: The average heater voltage should be 18 V. 

Variations of the heater voltage exceeding the range of 17.1 to 

18.9 V will shorten the tube life. 
The tolerance of heater current (columnII) should be taken into 
account . 

OPERATING CHARACTERISTICS 

Output tube class A 

Anode voltage Va 120 210 V 

Grid No.3 voltage Vg3 0 0 V 

Grid No.2 supply voltage Vbg2 120 120 V 

Grid No.2 resistor Rg2 5.6 5.6 kS2 

Cathode resistor Rk 180 180 S2 

Anode current Ia 8.3 8.3 mA 

Grid No.2 current Ig2 1 .7 1 .7 mA 

Mutual conductance S 8.2 8.2 mA/V 

Internal resistance Ri 0.42 0.44 MS2 

Load resistance Rati 10 20 kS2 

Output power Wo 340 400 50 660 870 50 mW 

Input voltage Vi 1.1 - 0.35 1.1 - 0.25 VRMS 

Total distortion dtot 10 - - 10 - - °/~ 

Grid No.l current +Ig - 0.3 - - 0.3 - µA 

Grid No.l resistor Rgl - 0.33 - - 0.33 - MS2 
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18045 

S.Q. TUBE 

Output pentode designed for use in telephone equipment. 

QUICK REFERENCE DATA 

Life test 10000 hours 

Base Noval 

Heating Indirect 
A.C. or D.C. 
Series or parallel supply 

Heater voltage V f 18 V 

Heater current If 130 mA 

Anode current Ia 20 mA 

Output power, Class A Wo 1 W 

DIMENSIONS AND CONNECTIONS 

Base: Noval 

rza~ 

Dimensions in mm 

December 1968 1 



18045 

CHARACTERISTICS 

Column I Nominal value or setting of the tube 
II Range values for equipment design: Initial spread 
III Range values for equipment design: End of life 

I II III 

Heater voltage Vf

Heater current If

18 

130 123 - 137 

V 

mA 

Anode voltage Va 210 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 210 V 

Cathode resistor R k 120 S2 

Anode current Ia 20 17 - 23 min. 13.5 mA 

Grid No.2 current Ig2 5.3 4.1 - 6.5 min. 3.1 mA 

Mutual conductance S 11 9.J - 12.J min. 7.8 mA/V 

Internal resistance R i 0.3 min. 0.2 N;Sl 

Output power Wo 1.0 min. 0.7 W 

Load resistance Ra,~= 15 kS2 

Total distortion dtot = 5 °~o 

Total distortion at Wo = 0.1 W dtot 1.2 max. 2 

Amplification factor 
µg2g1 

36 

Equivalent noise resistance R eq 1.2 kS2 
(R.F.) 

Negative grid current —Igl max. 0.5 max. 1.0 µA 

Cut-off voltage —Vgl max. 8.5 V 

Anode current Ia 0.5 mA 

Hum voltage Vgl max. 0.2 mV~S

Rgl = 0.5 MS2 

Heater centre earthed 

Insulation resistance between 
min. 100 MS2 two electrodes R;.,,. 

December 1968 
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CHARACTERISTICS (continued) 

Leakage current between 
II 

cathode and heater Ikf max. 24 µA 

Voltage between cathode and 
heater Vkf = 120 V 

Cathode heating time 16 max. 22 sec 

Cathode cooling time 15 min. 7 sec 

CAPACITANCES 

Anode to grid Not, grid No.3, 
cathode, heater and screen C a/g2g3kfs 6.5 5.8 - 7.2 pF 

Grid No.l to grid No.2, grid No.3, 
cathode, heater and screen Cgl/g2g3kfs 11.2 10 - 12.4 pF 

Grid No.l to grid No.2, grid No.3, 
cathode, heater and screen Cgl/g2g3kfs 14.3 pF 

Cathode current Ik = 25 mA 

Anode to grid No. l Cagl max.0.02 pF 

Grid No.l to heater Cgl f max. 0.2 pF 

Cathode to heater Ckf 4.2 pF 

Radiation capacitance: Anode to 
surrounding box, inner dia. 52 mm, 
height 98 mm Cra max.0.06 pF 

Radiation capacitance: Grid No.l to 
surrounding box, inner dia. 52 mm, 
height 98 mm Crgl max.0.12 pF 

LIFE 

Production samples are tested to be within the end of life values (column III) 
during 10 000 hours. 
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18045 

LIMITING VALUES (Design centre rating system) 

Anode voltage Vao max. 550 V 

Va max. 210 V 

Anode dissipation Wa max. 4.5 W 

Grid No.2 voltage Vg2 max. 550 V 
0 

Vg2 max. 210 V 

Grid No.2 dissipation Wg2 max. 1.2 W 

Cathode current Ik max. 30 mA 

Voltage between cathode and heater Vkf max. 120 V 

Bulb temperature tbulb max. 170 ° C 

Grid resistor, automatic bias Rgl max. 0.5 MS2 

fixed bias Rgl max. 0.25 MSl 

OPERATING CHARACTERISTICS 

As pre-amplifier 

Anode voltage Va 210 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 210 V 

Cathode resistor R k 180 St 

Anode resistance Ra ~ 20 kS2 

Anode current Ia 15 mA 

Grid No.2 current Ig2 4 mA 

Mutual conductance S 10 mA/V 

Internal resistance Ri 0.4 MS2 

Voltage gain g 5.15 Neper 
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OPERATING CHARACTERISTICS (continued) 

As output tube class A 

Anode voltage Va 210 V 

Grid No.3 voltage Vg3 0 V 

Grid No.2 voltage Vg2 210 V 

Cathode resistor Rk 120 Sl 

Anode current Ia 20 mA 

Grid No.2 current Ig2 5.3 mA 

Mutual conductance S i l mA/V 

Internal resistance Ri 0.3 MSZ 

Anode resistance R am 15 kSl 

Input voltage Vi 0.95 VR~ 

Output power Wo 1 W 

Total distortion dtot 5
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CiG- 22 

VACUUM GAUGE HEAD, PENNING TYPE 

Glass envelope, high vacuum gauge head of the Penning type (cold-cathode, ionisa-
tion type). Pressure range 2x10 - 3 torr to 10-5 torr. 

CHARACTERISTICS 

Pressure range 2x10_3 [0 10-5 torr 

Sensitivity see page 3 

Notes: 
1. The graph on page 3 is correct within afactor two for air, hydrogen, argon and 

carbon dioxide. The inaccuracy can be reduced to plus or minus 5~ by calibrating 
for the gas composition in question. 

2. Water vapour contamination of the gauge head may cause misreadings; in this 
case it is advisable to take readings some minutes after application of the anode 
supply voltage. 

TYPICAL OPERATING CONDITIONS 

CIG-22 combined with magnet type 95380 

Anode supply voltage 

Anode resistor 

Vba 

Ra

2000 V d.c. 

1 MS2 

LIMITING VALUES 

CIG-22 combined with magnet type 95380 

Anode voltage max. 2500 V 

Anode current max. 2 mA 

February 1968 1 



CIG- 22 

MECHANICAL DATA 

Material of tubulation: O1 soft glass 

Dimensions in mm 

1) Line through the centres of the cathode plates and axis of the magnetic flux lines . 

Mounting position: any 

Note: When in operation the gauge has a pumping effect; to prevent misreadings due 
to pressure losses in the connecting tubulation, the connection to the vacuum 
chamber should be wide and short. Recommended dimensions are: diameter 
min. 10 mm and length max. 100 mm. 

ASSOCIATED COMPONENTS 

Magnet 95380 

Magnet type 95380 

2 February 1968 



CIG-22 

l000 
rQ

~a) 

100 

10' 5 
l0 1d 

4 
10 
3  

pressure (torr) 

9V
~'

~'
!-

97
9f

O
Z

L
 

e 

February 1968 3 





CIG-82 

VACUUM GAUGE HEAD, PENNING TYPE 
EXTRA SENSIT9VE 

Glass envelope, high vacuum gauge head of the Penning type (cold-cathode, ioniza-

tion type). Pressure range 10 -4 torr to 5 x 10 -8 torr. 

CHARACTERISTICS 

Pressure range 

Sensitivity 

Notes: 

10 -4 to 5 x 10 -8 torr 

see page 3 

1. The graph on page 3 is correct within a factor two for air, hydrogen, argon and 

carbon dioxide. The inaccuracy can be reduced to plus or minus 5 °~~ by cali-

brating for the gas composition in question. 

2. Water vapour contamination of the gauge head may cause misreadings; in this 
case it is advisable to take readings some minutes after application of the anode 
supply voltage. 

TYPICAL OPERATING CONDITIONS 

CIG-82 combined with magnet type 95380 

Anode voltage Vba 2000 V d. c. 

Anode resistor Ra 1 MS2 

LIMITING VALUES 

CIG-82 combined with magnet type 95380 

Anode supply voltage max. 2500 V 

Anode current max. 2 mA 

January 1969 1 



CIG-82 

MECHANICAL DATA Dimensions in mm 

Material of tubulation: G28 hard glass 

t) 
~) 

~ 34 
13"107

Mounting position: any 

70n1°7

,S 

~ 85±s 

Note: When in operation the gauge has a pumping effect; to prevent misreadings due 
to pressure losses in the connecting tubulation, the connection to the vacuum 

chamber should be wide and short. Recommended dimensions are diameter 
min. 10 mm and length max. 100 mm. 

ASSOCIATED COMPONENTS 

Magnet 95380 

Magnet type 95380 

2 January 1969 
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EIP-12 

EVAPORATION ION PUMP 

One-shot evaporation ion pump, consistingof aBayard-Alpert gauge with the addition 
of a zirconium getter filament. The getter is evaporated from the getter filament, 
the pumping speed being enhanced by the ionising action of the gauge. 
The Bayard -Alpert gauge can be used independently for measuring purposes. 

CHARACTERISTICS 

Pressure range, pumping 

measurement 

Pumping speed average (for nitrogen) 
at 10 mA 
emission current 

Gauge sensitivity (for nitrogen) 

Gauge filament characteristics 

Gauge emission current range 

Insulation resistance before pumping 

Collector to other electrodes 

Grid to other electrodes 

TYPICAL OPERATING CONDITIONS 

measurement and pumping 
+SV 

—2BV 

+33V 

collect • S 

+178V 
}~ grid ~ ~ 

(T +145V 
y 

getter 
film 

10
-g 

to 10 -11 torr 

10
-3 

to 10 -10 torr 

0.4 1/s 

approx. 12 nertorr 

see page 3 

1 µA to 75 mA 

min. 

min. 

outgassing 

~coliector getter 
pin 

• 
g id ~ ~ 

~mson 

potentials are given with respect to earth 

getter 
filament 
auge 
filament 

BV a c. or d.c.1) 
• • 

Gauge emission current (see also page 2 ) 

measurement 
outgassing 

getter 
filament 

au 
filament 

1014 ~ 

1012 S2 

100 µA, 1 mA or 10 mA 
75 mA 

1) Getter filament current at the given supply voltage 8 A 

March 1968 



EIP-12 

LIMITING VALUES 

Gauge filament voltage. 
Gauge emission current 
Getter filament current 
Grid wattage 
Bulb Cemperature during operation 
Bake-out temperature 

max. 8 V 
max. i ~ m_1 
max. 10 .~ 
max. 40 ~V 
max. 100 oC 
max. -1~0 oC 

MECHANICAL DATA Dimensions in mm 

Material W1 glass 

X125'-m 

0 

1

X51±z 
Q16.5±ts 

a 
+~ 

li 

l~- 
X1.5 1~' 

l },~}~}{~u J~ 
X125'-o'U U U 1 

+~ 

~~ ±i 

3 ±as 

N 

C` 

0 

filament 

+i 
co 
m 

grid 

getter 
collector 

filomerrt Ste'  getter 
support 

filament grid 

2 January 1970 
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IOG-12 

VACUUM GAUGE HEAD , BAYARD-ALPERT TYPE 

Glass envelope, ultra -high vacuum gauge head of the Bayard-Alpert type. Measuring 
range 10

-3 
tort to 10 -10 tort; sensitivity approx. 12 per tort. 

The gauge head is provided with an electrically conductive layer deposited on the 

inside of the glass envelope. By applying a fixed potential to the layer, excess pri-

mary electrons are attracted directly to the envelope rather than oscillating around 
the collector thereby leading to very stable measurements of low pressure. 
Moreover the gauge head features a low thermal inertia and a low filament power 
consumption. 

CHARACTERISTICS 

Pressure range 

Sensitivity (for nitrogen) 

Emission current range 

Filament characteristics 

Insulation resistance 

Collector to other electrodes 

Grid to other electrodes 

TYPICAL OPERATING CONDITIONS 

collector 

5 

Measurement 

Emission current (see also page 3) 

measurement 

outgassing 

10-3 to 10-10 tort 

approx. 12 per tort 

1 µA to 75 mA 

see page 3 

min. 1014 ~ 

min. 1012 S2 

collector 

S50V f 

0-8~ T
~zosns 

S 

Outgassing 

100 µA, 1 mA or 10 mA 

75 mA 
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IOG-12 

LIMITING VALUES 

Pressure (filament Litt) 

Filament voltage 

Emission current 

Grid input power 

Bulb temperature during operation 

Bake -out temperature 

MECHANICAL DATA 

Vlatcrial tubulation G28 glass 

Filament Tungsten 

21 

5 (conducting 
layer) 

groves 

max. 10 -3 Corr 

max. t3 V 

max. %~ mA 

max. 40 W 

max. 100 ° C 

max. 4~0 °C 

Dimensions in mm 

collector 

s 

12 10 

January 1970 



IOG-12 
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7209191 

1.5 
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w■~~ 0 
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0 
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E 

.~ 
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IOG-13T 

VACUUM GAUGE HEAD, BAYARD-ALPERT TYPE 

Nude, ultra -high vacuum gauge head of the Bayard-Alpert type. 
Measuring range 10

-3 
torr to 10 -10 torr; sensitivity approx. 12 per torr. 

Type IOG-13T has a fernico skirt, prepared for easy welding. 

The gauge head features a low thermal inertia and a low filament power consump-
tion. 

FOR THE ELECTRICAL DATA SEE TYPE IOG-12 

MECHANICAL DATA 

Material 

Filament 

Skirt 

12 )0 

Mounting position: any 

Dimensions in mm 

Tungsten 

Fernico 

January 1970 1 
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IOG-17 

VACUUM GAUGE HEAD , BAYARD-ALPERT TYPE 

Glass envelope, ultra -high vacuum gauge head of the Bayard -Alpert type. Measuring 
range 10-3 torr to 10-10 tort; sensitivity approx. 12 per torr. 

The gauge head is provided with two filaments, one of tungsten and one of lanthanum 
hexaboride. 

CHARACTERISTICS 

Pressure range 

Sensitivity (for nitrogen) 

Emission current range 

Filament characteristics 

Insulation resistance 

collector to other electrodes 

grid to other electrodes 

TYPICAL OPERATING CONDTI'IONS 

collector (c) 
5 

noarro 

Measurement 

Grid voltage, in combination with fil. 1 

in combination with fil. 2 

Emission current (see also page 3 ) 

measurement 

outgassing 

10'3 to 10-10 torr 

approx. 12 pertorr 

1 µA to 75 mA 

see page 3 

min. 1014 ~ 

min. 1012 S2 

collector 

550V 

5 

0-8V T I 
12D91'Ir 

Outgas smg 

Vg +145 V 

+178 V 

100 µA, 1 mA or 10 mA 

75 mA 
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IOG-17 

LIMITING VALUES 

Pressure (filament litt) max. 10 
_g

torr 

Filament voltage max. 8 V 

Emission current max. 75 mA 

Grid input power max. 40 W 

Bulb temperature during operation max. 100 °C 

Bake-out temperature max. 450 °C 

MECHANICAL DATA 

Material 

Tabulation W1 glass 

Filament 1 Tungsten 

Filament 2 Lanthanum hexaboride (La Br 6) 

3*~ 

Mounting position: any 

Dimensions in mm 

2 March 1968 
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IOG-18 
IOG_18N 

VACUUM GAUGE HEAD, BAYARD-ALPERT TYPE 

Ultra -high vacuum gauge head of the Bayard -Alpert type. Measuring range 10- 3 torr 

to 4 x 10-11 torr; sensitivity approx. 12 per torr. 

Type IOG-18 has a glass envelope. 

Type IOG-18N has a fernico skirt, prepared for easy welding. 

The heads with a glass envelope are provided with an electrically conductive layer 
on the inside of the envelope. By applying a fixed potential to the layer, excess pri-
mary electrons are attracted directly to the envelope rather than oscillating around 
the collector thereby leading to very stable measurements of low pressure. 
Moreover the gauge headfeaturesalowthermalinertiaand a low filament power con-
sumption . 

CHARACTERISTICS 

Pressure range 

Sensitivity (for nitrogen) 
Emission current range, type IOG-18 

type IOG-18N 
Filament characteristics 
Insulation resistance 

Collector to other electrodes 
Grid to other electrodes 

TYPICAL OPERATING CONDITIONS 

9V 

measuring 
circuit 

166V~ t 

collector 

7209545.1 

Emission current (see also page 4) 
measurement' 
outgassing, type IOG-18 

type IOG-18N 

measurement 

10-3 to 4x10-11

approx. 12 

lµAto50 
1 µA to 30 

see page 4 

min. 
min. 

torr 

per torr 

mA 
mA 

1014 ~ 

1012 SZ 

collector 

550V f 

o-eV T 
outgassing 

'IZ09t'IB.~ 

100 µA, 1 mA or 10 mA 
50 mA 
30 mA 
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IOG-18 
IOG-18N 

LIMITING VALUES 

Pressure (filament litt) max. 10_3 torr 

Filament voltage max. 8 V 

Emission current max. 50 mA 

Grid input power, type IOG-18 max. 30 W 

type IOG-18N max. 20 W 

Bulb temperature during operation max. 100 oC 

Bake -out temperature max. 450 oC 

MECHANICAL DATA 

Material 

Filament Tungsten 

Tubulation (with type IOG-18) Kodial 

Skirt (with type IOG-18N) Fernico 

Mounting position: any 

IOG-18 

41.35 
1.15 

inm 

~0 
80 
60 

~n 
8 

S 

37 120 

12 
filament $ 
support 

MN 

f 

9 
collector 

Dimensions in mm 

19

433 
28 ,:o~s~a 
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IOG-18 
IOG-18N 

MECHANICAL DATA (continued) 

IOG-18N 

12 
filament $ 
support 

mc~ 

f 

9 
collector 

d0 

028.6 
28.4 

09 
7 

]zo9s4a 

_~ 

mao 

]20954] 
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IOG-19N 

VACUUM GAUGE HEAD, BAYARD-ALPERT TYPE 

Ultra -high vacuum gauge head of the Bayard -Alpert type. Measuring range 10'3 torr 
to 4 x 10'11 torr; sensitivity approx. 12 per tort. 

Type IOG-19N has a fernico skirt, prepared for easy welding. 
The gauge head features a low thermal inertia and a low filament power consumption. 

FOR THE ELECTRICAL DATA SEE TYPE IOG-18 

MECHANICAL DATA 

Material 

Filament 

Skirt 

Mounting position: any 

12 10 

Tungsten 

Fernico 

January 1970 1 





IOG-71 

VACUUM GAUGE HEAD , TRIODE TYPE 

Glass envelope, high vacuum gauge head of the triode type (hot-cathode, ionization 

type). Measuring range 10'3 to 5 x 10'8 torr, sensitivity 20 per torr. 

CHARACTERISTICS 

Pressure range 

Sensitivity (for dry air) 

TYPICAL OPERATING CONDITIONS 

noun 

measuring 
circuit 

cotlectw (c) 

10'3 to ~ x 10'8 torr 

20 per torr 

Grid current 

above 10'4 torr ~ mA 

below 10'4 torr 10 mA 

LIMITING VALUES 

Pressure (filament lifted) max. ~ x 10'3 torr 

Filament voltage max. 10 V 

Bake-out temperature max . 450 oC 

January 1970 1 



ion-» 

MECHANICAL DATA Dimensions in mm 

Material: W 1 glass 

fioot mc~~e to B7A spec. 

vzo9nu 

March 1968 
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RI-12 

DRY REED SWITCH 

Miniature dry reed switch hermetically sealed in agas-filled glass capsule. 
Single-pole, single-throw type, having normally open contacts, and containing two 

magnetically actuated reeds. The switch is of the double-ended type and may be ac-
tuated by means of either an electromagnet or a permanent magnet or combinations 
of both. The switch is intended for use in telephone equipment and other applications 
where exceptional reliability is required. 

QUICK REFERENCE DATA 

Contact S. P. S. T. normally open 
Switched power max. 5 W 
Switched voltage max. 65 V 
Switched current max. 100 mA 
Failure rate < 5x 10 8 

MECHANICAL DATA Dimensions in mm 

Contact material gold 
Contact arrangement normally open 
Terminal finish tinned 
Resonant frequency of single reed approx. 1650 Hz 
Net weigth approx. 0.6 g 
Mounting position any 

3—.17-min tinned 317 min tinned 

--~✓°-~{—  das7jax I  

Mounting 

 —''008max 

28.3 max 
 46.10  ~~Z~fzx

45.47 

The leads should not be bent nearer than 2 mm to the glass-to -metal seals. 
Stress on the glass-to-metal seals should be avoided. 
The robustness of terminations is tested according to IEC Publication 68-2-21. 
test Ua(load 2,75 kg), Ub (load 1 kg, 2 bends), and Uc, 

r 

Care must be taken to prevent stray magnetic fields from influencing the operating 
and measuring conditions. 
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RI-12 

Soldering

The switch may be soldered direct 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. 

Dip-soldering is permitted to a minimum of 4 mm from the seals at a solder tem-

perature of 240 ° C during maximum 10 s. 

Solderability 

Solderability is tested according to IEC Publication 68-2-20, test T, solder globule 

method. 

CHARACTERISTICS 

Non-operative 

Breakdown voltage min. 1000 V 

Insulation resistance, initial (V = 100 V) min. 105 MS2 

Capacitance 
Without test coil 0.70 pF 

with earthed test coil 0.35 pF 

Non-operative ampere turns max. 30 A.T. 1 ) 

Operative 

Operating ampere turns max. 58 A.T. 1) 
ay. 0.6 ms 1)2) 

Operating time, including bounce 
max. 1.0 ms 1)2) 

Switched current max. 100 mA 

Hold 

Hold ampere turns min.. 27 A.T. 1) 

Current through closed contacts max. 1 A 

Contact resistance, initial 
min. 60 mS2 1)3 ) 

1)3) max. 150 mSt 

Release 

Release ampere turns max. 15 A.T. 1) 

Release time max. 50 µs 
1)2) 

Switched current max. 100 mA 
Switched power max. ~ W 

1) Measured in a standard coil of 5000 turns of 42 SWG single enamelled copper wire 
on a coil former of 25.4 mm winding length and a core diameter of 8.75 mm. 

2) Measured with 80 A.T. 

3) Measured with 40 A.T. 
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Ri-12 

LIMITING VALUES (Absolute max. rating system) 

See also "Life expectancy and reliability" 

Switched power max. 5 W 

Switched voltage max. 6~ V 

Switched current max. 100 mA 

surge (T =max. 100 ns) max. 1.5 A 
min. —5~ oC 

Temperature, operating max. +80 oC 

LIFE EXPECTANCY AND RELIABILITY 

End of life is assumed to be reached when: 
a) the contact resistance exceeds 1 S2 for no load conditions or 2. ~ S2 for loadedcon-

ditions 
b) the release time exceeds 2.5 ms (latching or contact sticking) 

No load conditions 

Life expectancy min, 10~ operations with a failure rate of less than ~. 5 x 10
—q 

with 
90~, confidence level. 

Loaded conditions 

Life expectancy min. 5 x 106 operations with a failure rate of less than 10
-8 

with 
90~/~ confidence level. 

If inductive loads are to be interrupted, contact protection is recommended (diode or 
RC network). 

Reliability -testing conditions 

Capacitive loading resulting in a peak current of 0.8 A it/i2 = 1.4. T = 80 rs to 
100 ns, see Fig. 1. Nominal switched voltage 50 V , nominal switched current 100 mA. 

Under these conditions a life of more than ~ x 106 operations can be reached with a 
failure rate of less than 8. ~ x 10 -9. 

Remark 

Higher loads may be switched if a reduced life expectancy and reliability are accept-
able. The manufacturer should be consulted before doing so. 

]Z106 J0 

Fig. 1 

F 
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RI-12 

SHOCK AND VIBRATION 

Impact :Acceleration 50 g during 11 ms, due to a force perpendicular to the flat 
sides of the reeds. 
Such an impact will not cause an open contact (no magnetic field present) 
to close, nor a contact kept closed by an 80 A.T. coil to open. 

Vibration: Frequency range 50 Hz to 1500 Hz, acceleration 20 g due to a force per-
pendicular to the flat side of [he reed. 
Such a vibration will not cause an open contact (no magnetic field present) 
to close, nor a contact kept closed by an 80 A.T. coil to open. 
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TH71 TH73 
TH75 

THERMOCOUPLES 

Indirectly heated thermocouples in subminiature construction. 

DIMENSIONS AND CONNECTIONS 

yellow 
sleeve 

7Z0476B 
yellow 
sleeve 

blue 
sleeve 

min37
]ZOL]67 

10 
25

length of 
sleeves 

rn

c

o 

C 

CHARACTERISTICS AND LIMITING VALUES (Absolute max. rating system) 

TH71 TH73 TH75 

Heater current If 0 to 15 0 to 75 0 to 300 mA 

Heater current 1) If 0 to 5 0 to 20 0 to 100 mA 

Heater current at E = 12 mV If 10 40 200 mA 

Heater current (T=max. lm) If max. 20 100 350 mA 

Heater resistance R f 68 7.0 1.2 S2 

Resistance of thermocouple RTH 6.0 3.5 3.5 S2 

Response time 2) T 10 10 10 s 
at heater current If = 10 40 200 mA 

Heater to thermocouple 
voltage Vf/TH inax. 100 100 100 V 

i) In approximately this range Vo is proportional to the square of If 
2) Time between the moment of switching on of If and the moment of reaching 

max. voltage (See page 4). 
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TH71 TH73 
TH75 

REMARK 

The electrical characteristics of the types TH71, TH73 and TH75 are identical 
to those of the types THl, TH3, TH5 and TH91, TH93 and TH95 respectively 
and therefore can be used as replacement for these types. 

GENERAL INFORMATION 

The "hot" weld of the thermocouple consists of an iron constantan }unction. 
The "cold" welds are iron to copper and constantan to copper junctions inside 
the vacuum envelope. 
The tube has copper leads. 
The measuring results are practically independent of the ambient temperature 
of the tube so that no corrections need to be made for the temperature of the 
"cold" weld. 

Derenil~er Ube 



TH71 TH73 
TH75 
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XL7900 

VIBRATING CAPACITOR 

Vibrating membrane capacitor in evacuated envelope to be driven by a high-fre-
quency electric field. 

Application: D.C. to A.C. converter, e.g. in dosemeters, pH meters and elec-
trometer equipment, where a very high input resistance is of para-
mount importance. 

Equipment measuring currents of 500 electrons per second have 
been realised. 

QUICK REFERENCE DATA 

Contact potential -50 to +50 mV 

Short term drift of contact potential < 100 µV 

Insulation > 101 S2 

Outline dimensions: 

overall length max. 64.7 mm 

diameter max. 30.2 mm 

MECHANICAL DATA 

Base: Magnoval, gold plated pins 

Cm =measuring capacitor 

Cdr =driving capacitor 

Operating position: any 

Dimensions in mm 

max 30.2$ 
g,~ 4 

c 
~E 

co 
x 
O 

E 

]Z06974 
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XL7900 

PRINCIPLE OF OPERATION 

Vt

0 
--.t 

The D.C. voltage to be measured is connected to capacitor Cm . The earthed 
membrane vibrates in its own resonance frequency as a result of an H.F. elec-
trical field between the electrodes of capacitor Cam. So the D.C. voltage on 
capacitor Cm is modulated in the resonance frequency of the membrane. Capaci-
tor C1 insulates the D.C. source from the A.C. amplifier. 

LIMITING VALUES (Absolute max. rating system) 

D.C. voltage on Cm max. 25 V 

Conversion efficiency 

R . M. S. output voltage 
D. C . input voltage 

ELECTRICAL DATA 

Contact potential over Cm

Short term drift (within 1 day) 

Long term drift (within 1 month) 

Temperature dependance 

max. 40 ~ 1) 

-SO to +50 mV 

0.1 mV 

1 mV 

20 µV/oC 

Conversion efficiency: 
At a certaindriving voltage the conversion efficiency will show a max. spread 
of ±60~ (1 : 4) 

1) Above 40 °Jo it is possible that two capacitor plates will touch each other and 
will be damaged. 
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XL7900 

ELECTRICAL DATA (continued) 

Driving voltage: 
There can always be found a value of the H.F. driving voltage at which all 
capacitors have a conversion efficiency between 10% and 40°J~. 1) 

Insulation resistance between any two 
capacitor terminals > 101J S2 2) 

Resonance frequency of the membrane 5.3 to 6.3 kHz 

Drift 1.5 °~o 

Temperature dependance ± 1 Hz/oC 

Capacitances of CIn and Cdr 35 pF 

Temperature dependance between -10 and +60 °C 4C 1 pF 

SHOCK AND VIBRATION RESISTANCE 

The following test conditions are applied to assess the mechanical quality of the 
tube. These conditions are not intended to be used as normal operating condi-
tions . 

Shock 

The tube is subjected 5 times in each of 4 positions to an acceleration of 500 g 
supplied by an NR L shock machine with the hammer lifted over an angle of 30°. 

Vibration 

The tube is subjected to a vibration of 15 [0 1500 Hz with an acceleration of 
2 5 g• 

APPLICATION NOTES 

The capacitive drive opens the possibility to use as driving signal for the mem-
brane ahigh frequency signal amplitude-modulated with the resonance fre-
quency of the vibrating membrane. 
Since in that case dlere is a great difference between the frequency of the 
driving signal and the modulation frequency of the voltage to be measured, the 
stray influences of the driving signal can easily be kept away from the meas-
uring amplifier. In addition, ahigh frequency drive simplifies design and exe-
cution of the driving oscillator. 

1) For instance in an apparatus realised with the circuit shown in Fig.2, it 
turned out that all capacitors have a conversion efficiency between 10 and 40~ 
at a voltage over L1 of 1 VR MS 

2) Under standard atmospheric conditions as defined in I.E.C. publication 68-1, 
i.e. any combination of temperature, humidity and pressure within the fol-
lowing limits: 

Temperature +15 to +35 ° C 
Relative humidity 45 to 75 °/o
Air pressure 860 to 1060 mbar 
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XL7900 

EXAMPLE OF A DRIVING OSCILLATOR 

Operating principle 

Fig.l 

The driving capacitor (Cdr) is incorporated in an impedance bridge that deter-
mines the feedback to the amplifier transistor. Capacitance C1 has been given 
a slightly larger value than that of capacitor Cdr in its quiescent state. Due to 
this the fed -back A.C. voltage Vl has the proper phase and amplitude to cause 
the circuit to oscillate in a frequency that is mainly determined by the circuit 
LZ C1 Cdr . 
The electric attractive force between the capacitor plates of Cdr makes the 
membrane move towards the fixed plate of Cdr as a result of which its capaci-
tance increases, the transistor receives less feedback and the oscillator voltage 
decreases. 
The phases and amplitudes of the electrical and the mechanical forces on the 
membrane and of the feedback factor are such that the membrane begins to vi-
brate in its resonance frequency, while the H.F. voltage is modulated in ampli-
tude with this frequency. 
Since it is very difficult to realize this circuit in such a way that a stableoper-
ation is ensured, it is advisable to add some components for automatical adjust-
ment of the capacitance C1 . 
See the following circuit. 
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XL7900 

EXAMPLE OF A DRIVING OSCILLATOR (continued) 

Practical circuit 

Fig.2 

N1 Na 

.L' 

Lt ~ ~ ~ La l3 

~~ ~~ ~  T0 
f' ~ 1 

Ra 

T'

C3 

T 
D 

1 
T 

T 

R1 

r 

-~ ca 

1 TR 

R3 
C4 

1 
R4 R5 

C5 

C1 = 12 pF mica 

C2 = 100 pF 

C3 = 10 pF mica 

C4 = 2'200 pF 

C5 = 0.1µF 

Ct = 25 pF max. 

R 1 = 62i k52 

R2=3.3kS2 

R3 =4.7kS2 

R4 = 1 kS2 

R~= 1MS2 

XL7900/00

o+ 

 ,~~»~ 
a4v 

L 2 = 1.3 mH 

L3 = 1.3 mH R.F. choke 

N2/N1 = 20 

TR = BCY70 

D = BA 102 
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4065 

ELECTROMETER TUBE 

Subminiature electrometer triode 

QUICK REFERENCE DATA 

Filament voltage 

Anode voltage 

Anode current 

Grid current 

Vf 

Va

Ia

-Ig

1.25 V 

9 V 

100 µA 

< 12.5 x 10-14 A 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

80°

Dimensions in mm 

Directly soldered connections to the leads of this tube must be at least 13 mm 
from the seals and any bending of the leads must be at least 1. 5 mm from the 
seals 
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4065 

HEATING: Direct by D.C. 

Filament voltage V f 1.25 V 

Filament current If 13 mA 

CHARACTERISTICS AND RANGE VALUES 

Anode voltage Va 9 V 

Grid voltage Vg -2, 5 -2 to -3.75 V 

Anode current Ia 100 µA 

Transconductance S 80 70 to 90 µA/V 

Amplification factor µ 2.0 1, 7 to 2.7 

Grid current -Ig 8.5 x 10-14 < 12.5 x 10-14 A 1) 

Crossover point 2) Vg -1.3 < -1.6 V 

Anode current at 
crossover point Ia - > 160 µA 

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Va max, 25 V 

Anode current Ia max. 250 µt1 

Filament voltage Vf 

REMARKS 

max. 1.5 V 
min. 1.1 V 

1. In order to avoid excessive drift of the characteristics the filament voltage 
must be applied before the anode voltage. 

2. To avoid contamination of the glass, the tube should not be removed from its 
protective envelope until it is mounted into the equipment. 

1) Valid only in darkness 

2) The "crossover point" is the point at which the direction of the grid current 
is reversed 
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ELECTROMETER TUBE 

Subminiature electrometer tetrode 

QUICK REFERENCE DATA 

Filament voltage V f 1.25 V 

Anode voltage Va 4.5 V 

Grid No.2 voltage Vg2 -3.2 V 

Anode current Ia 20 µA 

Grid No.2 current Ig2 < 6 x 10-1J A 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

80°

Dimensions in mm 

no3ea~ 

Directly soldered connections to the leads of this tube must be at least 13 mm 
from the seal and any bending of the leads must be at least 1. 5 mm from the 
seal . 

HEATING: Direct by D.C. 

Filament voltage 

Filament current 

Vf 1.25 V 

If 13 mA 
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CHARACTERISTICS AND RANGE VALUES 

Anode voltage Va 4.5 

Grid No.2 voltage Vg2 -3.2 

Grid No.l voltage Vgl 3.0 

Anode current Ia 20 

-2 to -4.5 

2 to 4 

V 

V 

V 

µA 

Grid No.2 current -Ig2 2. 5 x 10-15 < 6 x 10-15 A 

Transconductance Sag2 17 10 to 24 µA/V 

Grid No.l current 1) Igl 250 µA 

Grid No.2 voltage at 
crossover point 2) Vg2 -1.75 V 

LII4STI'ING VALUES (Absolute max, rating system) 

Anode voltage Va max. 10 V 

Cathode current Ik max. 300 µA 

max, 1, 5 V 
Filament voltage Vf 

min. 1.1 V 

REMARKS 

1. In order to avoid excessive drift of the characteristics the filament voltage 
must be applied before the anode and grid No. l voltages. 

2. To avoid contamination of the glass, the tube should not be removed from its 
protective envelope until it is mounted into the equipment. 

1) Only valid in darkness 

2) "Crossover point" is the point at which the direction of Ig2 is reversed 
At this point, Vg2 is at least 0.5 V less negative than its value at Ia = 20 µA 
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ELECTROMETER TUBE 

Subminiature electrometementode 

QUICK REFERENCE DATA 

Filament voltage Vg 1.25 V 

Anode voltage Va 10 V 

.anode current Ia 5.0 µA 

Grid No. 1 current _Igl 8 x 10 -15 A 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

+tg3 

iZ03663 

Dimensions in mm 

9.3-10.16 
--~ 
—~ 

v 
0 
F 

i 

M 
  .~ o 

ll l   F; 
Directly soldered connections to the leads of this tube must be at least 13 mm 
from the seal and any bending of the leads must be at least 1. 5 mm from the 
seal. 

HEATING: Direct by D.C. 

Filament voltage Vf 1.25 V 

Filament current If 8.2 mA 
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CAPACITANCES 

Anode to all Ca 4.0 pF 

Grid No.l to all Cgl 3.0 pF 

Anode to grid No. 1 Cagl 0.2 pF 

CHARACTERISTICS ANll RANGE VALUES 

Anode voltage Va 10 V 

Grid No.2 voltage Vg~ 6.5 5.0 to 7.5 V 

Grid No.l voltage Vgl -2.5 V 

Anode current Ia 5.0 µA 

Grid No.2 current Ig2 2.2 1.5 to 3.0 µA 

Grid No. 1 current 1) -Igl 3 x 10 -15 < 8 x 10 - 15 A 

Transconductance S 10.5 8.0 to 15 µ:~/V 

Internal resistance Ri 10.5 MS2 

Amplification factor µagl 110 > 80 

Grid No.l voltage at 
crossover point 2) Vgl -1.15 V 3)

LIMITING VALUES (Absolute max. rating system) 

Anode voltage Va max. 45 V 

Grid No.2 voltage Vg2 max. 45 V 

Cathode current Ik max. 180 

max. 1. 5 

µA 

V 
Filament voltage Vf min. 1.1 V 

REMARKS 

1. In order to avoid excessive drift of the characteristics the filament voltage 
must be applied before the anode and grid No. 2 voltages. 

2. To avoid contamination of the glass, the tube should not be removed from its 
protective envelope until it is mounted into the equipment. 

1) Valid only in darkness. 
2) The crossover point is the value of Vgl at which the direction of Igl is re-

versed. 

3) Measured at Vf = 1.25 V, Va = 10 V, Vg2 =the value at which Ia = 5µA when 

Vgl = -2.5 V. 
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ELECTROMETER TUBE 

Subminiature electrometer triode for linear and logarithmic use with a control-

led logarithmic relationship between positive grid current and anode current. 

QUICK REFERENCE DATA 

Filament voltage 

Anode voltage 

Anode current 

Grid current 

Vf 1.25 V 

Va 9.0 V 

Ia 100 µA 

-Ig < 10-_12 A 

DIMENSIONS AND CONNECTIONS 

Base: Subminiature 

Dimensions in mm 

9.3-10.16

Directly soldered connections to the leads of this tube must be at least 13 mm 
from the seal and any bending of the leads must be at least 1.5 mm from the 
seals . 

HEATING: direct by D. C . 

Filament voltage Vf 1.25 V 

Filament current If 14 mA 

CAPACITANCES 

Anode to all except grid Ca~g) 0.8 pF 

Grid to all except anode Cg~a) 0.5 pF 

Anode to grid Cag 2.0 pF 
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CHARACTERISTICS AND RANGE VALUES 

Anode voltage Va 9.0 

Grid voltage Vg -2.7 

Anode current Ia 100 

Grid current -Ig 1.6 x 10 -13

-2.0 to 3.75 

< 10 -12

V 

V 

µA 

A 1) 

Transconductance S 80 60 to 90 µA/V 

Amplification factor µ 2, 0 1.6 to 2.7 

Grid voltage at crossover 
point 2) (Ia = 145 µA) Vg -1, 4 < 1.7 V 

LIMITING VALUES (Absolute max, rating system) 

Anode voltage Va max. 25 V 

Anode current Ia max, 250 µA 

max. 1, 5 V 
Filament voltage Vp 

min. 1.1 V 

REMARKS 

1. In order to avoid excessive drift of the characteristics the filament voltage 
must be applied before the anode voltage. 

2. To avoid contamination of the glass, the tube should not be removed from its 
protective envelope until it is mounted into the equipment. Great care should 
be taken not to handle the tube within 13 mm of the base. 

3. Operation with logarithmic characteristic. 
The tube has a controlled linear relationship between Ia and the logarithm of 
the positive Ig, which holds goo[1 over a range of Ig from 3 x 10-12 to 
3 x 10' 9 A. With +Ig = 3 x 10 -9 A, Va can be set to some value within the 
range from 3 to 6 V (nominal 4.4 V) such that Ia falls by 50 µA when +Ig is 
reduced to 3 x 10 - 12 A. The initial value of Ia will be found in the range from 
65 to 100 µA. 

1) Only valid in darkness. 

Z) The crossover point is the point at which the direction of Ig is reversed. 

2 December 1968 



4069 

~ao6a39 
4069 7-3-'S9 

Vf —1,25V 
Va —9V 

Io
Iy 

Io

~~Q~ 
300 

200 

100 

0 

20 
I9

 (~o "A) 
Vg ~V~ —6 —4 2 0 

December 1968 



4069 

a 

s 

500 
Io

(~Q) 
400 

300 

200 

100 

~ao6a4o 

 Vt =1.25V 
4069 -3- 9 

Vy = 
—2V 

-.■■■■ ..■■ ..■. ... 

i .......... .... .■■. ■■■ 

_:::___ 
. ■■■...Ci:.. 

  ■■•. ■■• 
■■■ ■■_ 
 -.■■....ups.■■.: 

0 2 4 6 B f0 12 Vo V 14 

4 December 1968 



56006 

OMEGATRON MASS-SPECTROMETER TUBE 

Mass-spectrometer tube with platinum electrodes and tungsten cathode to be used 
for gasanalysis. Used with comparatively simple equipment, with this tube masses 
32 and 33 can be completely separated. 

Its sensitivity is large enough to make measurements possible at partial pressures 
of 10"10 to 10-11 torr. 

By using platinum electrodes, the measuring qualities of this tube stay excellent 
also after repeated use. When cold, the tungsten cathode is insensitive to air of 
room temperature and atmospheric pressure. 

The risk of damage during transport from factory to user is too large when the fi-
lament has been operated in the factory. For that reason the tube cannot be tested 
in operation before leaving the factory. The user, therefore, should test the tube 
immediately on receipt. 

OPERATING PRINCIPLE (see fig. 1) 

Electrons emitted by the cathode are concentrated into a beam by a magnetic field 

and collimated by circular holes in the grids gl and g2 and in the box D. The beam 

traverses box D, passes through asecond hole in box D and is collected by the elec-

tron collector T. 

While traversing box D, the electron beam ionises gasmolecules. The magnetic field 
forces the ions thus formed into helical paths around the axis of the electron beam. 
Most of them will escape from the box along the electron beam or be neutralised on 
the wall of the box D . 

There are > however, ions with amass such that their angular velocity around the 
axis of the electron beam is in resonance with the frequency of the electric field 

which results from the radio frequency voltage between box D and electrode H. 

These ions will spiral out of the electron beam so far that they will strike and be 

neutralised by the ion collector P and cause a current from ion collector P to earth, 

which is amplified and measured. 

Note: By choosing a suitable d.c. current meter it should be avoided that the voltage 
difference between ion collector P and electrode D is becoming too high. Val-

ues of 100 mV often have no appreciable influence on measuring results, but 
10 mV is a safe voltage under any circumstances. 
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'Phe relation connecting the frequency of the electric field between electrodes D and 
H, the mass of the ions that will strike collector P and the magnetic induction in the 
gap of the magnet is: 

fr =15.33x106 xM 

where: fr is the resonance frequency in Hz 
B is the induction Wb/m2
M is the ion mass in mass units. 

Ions of different masses can be selected from the collision area by adjusting the 
frequency of the radio frequency voltage applied to electrode H; the resulting cur-
rent is a measure of the rate of formation of ions having a particular mass. 
Thus by progressively varying the frequency, amass spectrum can be recorded. 

The resolution of the omegatron is given by: 
2 

~M-6450xVB  
M HD 

where B =magnetic induction in Wb/m2
VHD = R . M . S . value of the radio -frequency voltage 

between electrodes H and D in volts 
M =ion mass in mass units 

For B = 0.4 Wb/m2 , V~ = 1 V and M = 32 the resolution 
OM 

- 32 

Thus a system equipped with a 0.4 Wb/m2 magnet will allow complete separation 
over an interval of at least one mass unit of masses up to and including 33 mass 
units . 

When no spurious effects are encountered, the curve which shows the values of cur-
rent Ip plotted against the R . M . S . value of the R . F . frequency voltage VHD (all 
other values constant) will be practically horizontal for values of VHD between 1 V 
and 2 VRMS . 
The value attained by current IP in the horizontal part of the curve has the follow-
ing relation to the gas pressure and the electron current LL: 

Ip = c.p.IT

where p =partial pressure of the particular gas in torr. 
IT =current to electron collector T in amperes. 
c =sensitivity constant depending on kind of gas and of mass number. 

An indication of the absolute value of this constant for the mass number 
with the highest peak of each gas is displayed on page 6 for 12 common 
gases. The relative values with regard to the highest peak are given 
there for other mass numbers for each gas . 

The validity of the above relation, and hence also the method of measurement, is 
limited to pressures below 10-5 torr. 
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DIMENSIONS AND CONNECTIONS 

Base: Pin configuration according 
to IEC-67-I-6a (B9G) 

axis of 
magnetic 
flux_ 

X20 

Dimensions in mm 

Envelope material; Fernico -sealing glass . 

Note: When using a socket, 211 its magnetic parts should be removed. 

RECOMMENDED CIRCUIT 

V f 0 to 2 V 
V~ - 90 V 
Vg1D - 80 V 

VTD Oto40V 

Fig.l 

VHD 1 to 5 VRMS 
VsD - Vs'D 0 to 60 V 

ASSOCIATED EQUIPMENT 

To operate the omegatron four major items of equipment will be required. 

For most purposes satisfactory results will be obtained with equipment meeting the 

following specifications: 

1. Permanent magnet: Pole distance 40 mm. Pole diameter 90 mm. 
Induction in the gap 0.45 Wb/m2 (4500 gauss) 
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2. D.C. current meter, full scale deflectionbetween2x 10-10 A and at least 10 -13 A, 
preferably 2x10-14 A. 
This measuring equipment should be designed so that during measurement the 
voltage difference between electrodes P and D will not exceed 10 mV . The meter 
should preferably have a response time below 2 seconds . 

3. Radio frequency signal-generator: 
Output voltage 1 to 5 V M 
Frequency range 60 x 0 3 x B < f < 16000 x 103 x B Hz 
for the masses 1 to 250 
B being the magnetic induction in Wb/m2 in the gap of the magnet . 

4. Power supply for the omegatron. 

D.C. voltages required (fig. 1) 

VkD = -90 V 

Vg1D = -80 V 

V f variable from 0 to + 2 V 

VsD - Vs'D variable from 0 to -60 V 

VTD variable from 0 to + 40 V 

Note: The operation of the equipment is much simplified and often measurements 
are more exact if the power supply is equipped with a possibility for automat-
ic regulation of Vg1D or If to keep the current to electron collector Tconstant 
at a required value. (If should never be allowed to become larger than 3.5 A 
corresponding to a Vf of approx. 2 V). 

OPERATIONAL NOTES 

1. Affix filament leads to filament pins and place the omegatron between the magnet 
pole°, . 

2. Bring the pressure down to below 10-5 torr. 

3. Connect all electrodes except Pto their supply voltages as shown in fig. 1, adjust 
VTD to 10 V, VsD = Vs'D to -10 V and adjust the filament current If so that a 
current ID of 1 µA flows to box D. 

4. Without changing the filament current If , the position of the omegatron in the 
magnetic field is so adjusted that current ID attains a minimum value which 
should be below 10

-8 
A. Current IT should now be 1 µA. 

5. Connect the amplifier to the ion collector P. 

6 Bring I-r on the value required by adjusting If . Usually, for measurements on 
gases with a partial pressure ov~r 10

-y 
torr, a value of 1 µA will be chosen. 

For partial pressures below 10 the values for IT will be progressively larger. 
At 10-11 torr a value of 30 µA will often be most convenient. 
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7. Tune the generator to the resonant frequency of a heavy mass, e.g. 28 and make 
VHD 1.5 

VRMS 
By adjusting VSD = Vs~D and VTD the ion current IP is maximalized, IT being 
kept on the same value. b 

8. The optimum adjustment thus obtained for heavy masses has to be checked now 
for light masses. This more critical adjustment is carried out by tuning the gen-
erator to the resonant frequency of a light mass, e.g. mass 2, and again maxi-
malizing the ion currentIP by adjusting VsD-Vs'D and VTD. The deviation from 
the optimum ion current has to be made as small as possible for all masses 
(< 10°Jo) 

9. It is advisable not to exceed the following operating limits; 

+5<VTD<+30V 

0<VsD=Vs'D< -60V 

If < 3.5 A 

BAKING 

To clean the glass, baking temperatures up to 450 ° C are allowed. 
The platinum electrodes are not ordinarily subject to contamination, but if neces-
sary they can under a pressure below 10

-6 
torr, be cleaned by heating up to 800 ° C 

in a high frequency magnetic field. 

WARNINGS 

1. Operation of the tube at pressures above 10
-Z 

torr will damage the filament. 

2. Inhomogeneities in the radio frequency electric field between electrodes D and H 

may give rise to higher harmonics resulting in indications at mass numbers M, 

M , etc. There will be individual, but also day to day difference in the occurrence 
3 
of these harmonics. 

The higher harmonics are liable to interfere with the accuracy of the measurements . 
However, the spurious effect can easily be recognized and it can be eliminated at 
the cost of some sensitivity. Peaks whose height alter considerably when the value 
of VHD is changed contain a higher harmonic component, and this can be removed 
by lowering that voltage or the gas pressure, or both. A further method . . . which 
is also likely to reduce the sensitivity of the measurement . . . is to add a negative 
bias of a few tenth of a volt to the radio-frequency voltage on electrode H. Conver-
sely, it should be noted that liability to higher -harmonic interference is increased 
by raising VHD and the gas pressure in the tube. 
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INDEX OF TYPENUMBERS 

Type No. Section 

Cam 

SQ 
CIG-22 M 
CIG-82 M 
D3a SQ 
DL68 SQ 

DM160 SQ 
E1T SQ 
E55L SQ 
E80CC SQ 
E80CF SQ 

E80F SQ 
E80L SQ 
E81L SQ 
E82CC SQ 
E83CC SQ 

E83F SQ 
E84L SQ 
E86C SQ 
E88C SQ 
E88CC SQ 

E90CC SQ 
E130L SQ 
E180CC SQ 
E 180F SQ 
E182CC SQ 

E186F SQ 
E188CC SQ 
E235L SQ 
E236L SQ 
E280F SQ 

E282F SQ 
E283CC SQ 
E288CC SQ 
E810F SQ 
ECSO SQ 

SQ = Special Quality Tubes 
M =Miscellaneous 

Type No. Section 

EC81 SQ 
EC90 SQ 
EC91 SQ 
EC1000 SQ 
EC8010 SQ 

ECC2000 SQ 
EIP-12 M 
IOG-12 M 
IOG-13T M 
IOG-17 M 

IOG-18 M 
IOG-18N M 
IOG-19N M 
IOG-71 M 

RI -12 M 

TH71 M 

TH73 M 

TH75 M 

XL7900 M 
6AQ4 See EC91 
6C4 See EC90 
6Q4 See EC80 

6R4 See EC 81 
12AX7S SQ 
4065 M 
4066 M 
4068 M 

4069 M 
5636 SQ 
5639 SQ 
5642 SQ 
5654 SQ 

Type No. Section 

5718 SQ 
5719 SQ 
5725 SQ 
5726 SQ 

5840 SQ 

5842 SQ 
5899 SQ 
5902 SQ 
5920 See E90CC 
6021 SQ 

6080 SQ 
6084 See E80F 
6085 See E80CC 
6086 See 18042 
6111 SQ 

6112 SQ 
6189 SQ 
6201 SQ 
6227 See E80L 
6370 See E1T 

6681 See E83CC 
6686 See E81L 
6688 See E180F 
6689 See E83F 
6922 See E88CC 

6977 See DM160 
7062 See E180CC 
7119 See E182C C 
7308 See E188C C 
7320 See E84L 

7534 See E130L 
7643 See E80CF 
7721 See D3a 
7722 See E280F 
7737 See E186F 
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INDEX 

Type No. Section 

7788 See E810F 
8223 See E288CC 
8233 See E55L 
8254 See EC1000 
8255 See E88C 

18042 SQ 
18045 SQ 
56006 M 

SQ = Special Quality tubes 
M =Miscellaneous 
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