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DATA HANDBOOK SYSTEM

Our Data Handbook System is a comprehensive source of information on electronic com -

ponents, subassemblies and materials; it is made up of three series of handbooks each
comprising several parts.

ELECTRON TUBES BLUE
SEMICONDUCTORS AND INTEGRATED CIRCUITS RED
COMPONENTS AND MATERIALS GREEN

The several parts contain all pertinent data available at the time of publication, and each
is revised and reissued periodically.

Where ratings or specifications differ fromthose published in the preceding edition they
are pointed out by arrows. Where application information is given it is advisory and does
not form part of the product specification.

If you need confirmation that the published data about any of our products are the latest

available, please contact our representative. He is at your service and will be glad to/
answer your inquiries.

This informati

is furnished for guidance. and with no guarantee as to its accuracy or
complet shlication conveys no licence under any patent or other right, nor
does the publisher assume liability for any consequence of its use: specificarions and
availability of goods mentioned in it are sul t to change without notice: it is not to be
reproduced in any way. in whole or in part without the written consent of the publisher.
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ELECTRON TUBES (BLUE SERIES)

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

Part 1a Transmitting tubes for communications

and Tubes for r.i. heating

Part 1b Transmitting tubes for communication
Tubes for r.f. heating
Amplifier circuit assemblies

Part 2 Microwave products
Communication magnetrons
Magnetrons for micro-wave heating
Klystrons
Traveling-wave tubes

Part 3 Special Quality tubes;

Miscellaneous devices
Part 4 Receiving tubes
Part 5a Cathode-ray tubes

Part 5b Camera tubes; Image intensifier tubes

Part 6 Products for nuclear technology

Photodiodes '

Photomultiplier tubes
Channel electron multipliers
Geiger-Mueller tubes

Part 7 Gas-filled tubes
Voltage stabilizing and reference tubes
Counter, selector, and indicator tubes
Trigger tubes
Switching diodes

Part 8 T.V. Picture tubes

January 1975

April 1973

Types PB2/500 =+ TBW15/125

August 1974

October 1974
Diodes
Triodes
T-R Switches
Microwave Semiconductor devices
Isolators Circulators

January 1975

September 1973

November 1973
December 1973

January 1974

Neutron tubes
Photo diodes

February 1974
Thyratrons
Ignitrons
Industrial rectifying tubes
High-voltage rectifying tubes

May 1974



COMPONENTS AND MATERIALS (GREEN SERIES)

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

Part 1 Functional units, Input/output devices,

Electro-mechanical components, Peripheral devices

High noise immunity logic FZ/30-Series

Circuit blocks 40-Series and CSA70
Counter modules 50-Series
Norbits 60-Series, 61-Series

Part 2aResistors
Fixed resistors
Variable resistors
Voltage dependent resistors (VDR)
Light dependent resistors (LDR)

Part 2b Capacitors

Electrolytic capacitors
Paper capacitors and film capacitors

Part 3 Radio, Audio, Television
FM tuners
Loudspeakers
Television tuners, aerial input
assemblies

Part 4a Soft ferrites

Ferrites for radio, audio and television

Small coils

Part 4b Piezoelectric ceramics, Permanent magnet materials

Part 5 Ferrite core memory products
Ferroxcube memory cores
Matrix planes and stacks

Part 6 Electric motors and accessories

Small synchronous motors
Stepper motors

Part 7 Circuit blocks

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

November 1974

June 1974

Circuit blocks 90-Series
Input/output devices
Electro-mechanical components
Peripheral devices

September 1974
Negative temperature coefficient
thermistors (NTC)
Positive temperature coefficient
thermistors (PTC)
Test switches

December 1974

Ceramic capacitors
Variable capacitors

June 1973
Components for black and white TV
Components for colour television
Deflection assemblies for camera
tubes

October 1973

Ferroxcube potcores and square cores
Ferroxcube transformer cores

October 1973
January 1974

Core memory systems

March 1974

Miniature direct current motors

September 1971

Circuit blocks for ferrite core
memory drive




SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES)

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

Part 1a Rectifier diodes and thyristors

Rectifier diodes
Voltage regulator diodes (> 1,5 W)
Transient suppressor diodes

Part 1b Diodes

Small signal germanium diodes
Small signal silicon diodes
Special diodes

Part 2 Low frequency transistors

June 1974

Thyristors, diacs. triacs
Rectifier stacks

July 1974

Voltage regulator diodes (< 1,5 W)
Voltage reference diodes
Tuner diodes

July 1974

Part 3 High frequency and switching transistors October 1974

Part 4a Special semiconductors

Transmitting transistors
Microwave devices
Field -effect transistors

Part 4b Devices for opto-electronics

Photosensitive diodes and transistors
Light emitting diodes
Photocouplers

Part 5 Linear integrated circuits

Part 6 Digital integrated circuits

DTL (FC family)
CML (GX family)

November 1974

Dual transistors
Microminiature devices for
thick- and thin-film circuits

December 197 4

Infra-red sensitive devices
Photoconductive devices

July 1973

April 1974
MOS (FD family)
MOS (FE family)

December 1974
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PREFACE

PREFACE

Part 3 of our Electron Tubes series will appear much less frequently than most other
volumes because interest in Special Quality tubes is now on the decline. Semiconductor
products have taken over the functions previously performed by these vacuum tubes: new

equipment design is based on semiconductor technology.

Good servicing practice makes the availability of replacement tubes a necessity during
the lifetime of existing equipment. For us, as manufacturers of tubes, this means that
the demand for Special Quality tubes will gradually decrease. Some types will be
available for quite a long time, others will rapidly reach uneconomic levels of

production and finally become obsolescent.

By labelling the first page of a set of data "Maintenance type" or "Obsolescent type"
we have indicated the status of the tube at the time of going to press. The labelling
procedure will, of course, continue after this volume has been printed and more types

will become obsolescent before the next edition appears.

We strongly recommend our customers to consult their equipment part lists and to

contact our local sales office to ascertain future tube deliveries.

To be independent of future supply uncertainties we advise customers to build up a stock
of Special Quality tubes sufficient for their planned equipment lifetime maintenance.
They, better than anyone else. know the importance of the equipment: the cost of spare

tubes is only a fraction of that value.

H || A :30



Some devices are labelled
Maintenance type
Obsolescent type

or

Obsolete type

Maintenance type - Available for equipment maintenance

No longer recommended for equipment production.

Obsolescent type - Available until present stocks are exhausted.

Obsolete type - No longer available.
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GENERAL OPERATIONAL
RECOMMENDATIONS SPECIAL QUALITY TUBES

. 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 tubeis
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.

. NOMINAL AND SPREAD VALUES OF TUBE CHARACTERISTICS

Tube data not statedas maximum or minimum values apply to a nominal tube.
Equipment design should be based on the characteristics as stated in the data
sheets.

With measurementscarried 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.

. SPREAD AND VARIATION OF OPERATING CONDITIONS

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

.1 Spread. Spread of a parameter value will result in individual values perma-
nently deviating from 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.

.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 that period will have a negligible influence on the average
value.
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4. LIMITING VALUES

Limiting values should be used inaccordance 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 typeas 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, environmental conditions,
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 operatingand environmental conditions applicable to a bogey elec-
tronic device of a specified type as defined by its published data, and should
not be exceeded under the wordt 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 limitingvalues of
operating and environmental conditions applicable to a bogey electronic de-
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 changesin operating conditionsdue 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) Va,» Vgy, 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 I, IgZ etc. are the D.C. components of the electrode
currents calculated over 20 ms.

If no specific pulse ratings apply a peak value 2xI,, Igy etc. is permitted for
10 ms maximum.

7. ELECTRODE DISSIPATION

The limiting values Wa, Wgy etc. are the average values atan averaging time
of 1 s. If for audio output tubes a limiting value Wgo, 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 W5 and WgZ'

December 1968 3
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12,

. HEATER VOLTAGE

The average heater voitage should be the specified nominal value. Variation
of the heater voltage exceeding the range of Vi nom. + 5% will shorten the
tube life.

. SUPPLY VOLTAGE

If design centre ratings apply the variation of supply voltage should not ex-
ceed the range of the nominal value + 10%.

RESISTANCE VALUES

If design centre ratingsapply the spread of resistance values should be lim-
ited such that with all other conditions nominal no electrode voltages or cur-
rents will exceed the range of their nominal values + 5%.

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 maxinu:n 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 k2 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 Vif is at least 3 times the RMS value of
the heater voltage an external resistance between heater and cathode of max-
imum 220 k€2 can be used provided that the hum voltage which may then occur
across the cathode resistor can be accepted for the application considered.

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 k2.

December 1968
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14.

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 MQ.

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

16.

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.

HUM

A.F. application. If in the dataan 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 ¢/s + 3% 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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18.

MICROPHONY

The performance of an equipment with respect to microphony isdefined 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. amplification 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.

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.

.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 °C.

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 resultin 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 glassto
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 toreduce such
effects to a minimum.

19.6 Retaining devices. If measures arerequired to preventa tube being shaken
out of the holder a retaining device may be used.
Care should then be takennot 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 the D.C. connection between cathode and
earth or heater and earth may introduce heater-cathode breakdown and
should be avoided.

December 1968 7
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OBSOLESCENT TYPE - C3m

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 10 000 hours
Basc Loctal
Heating Indirect

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

Heater voltage Vg 20 vV

Heater current Iy 125 mA

Anode current I 16 mA

Mutual conductance S 6.5 mA/V

Equivalent noise resistance Req 1200 «

Hum voltage Vgcq 10 uVRMs
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Loctal

max 32
- >

max 55
max 70

ind

-

S
F
Ir

September 1974 i




C3m

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 I I11
Heater voltage Ve 20 Vv
Heater current I 125 | 120 - 130 mA
Anode supply voltage Vba 225 Vv
Grid No.2 supply voltage ngz 155 A%
Grid No. 3 voltage VgS 0 Y
Cathode resistor Ry 250 Q
Anode current I 16 113.5 - 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/V
Internal resistance Rj 250 | min. 200 k<2
Amplification factor “gzgl 19
Negative grid current -l max. 0.5 | max. 1.0 [uA
Output power W, 1.5 W
Anode load resistance Ry =10k
Total distortion dgge = 10 7
Cathode heating time 26 19 = 338 sec
Anode current I; = 4 mA
Equivalent noise resistance
R.F. Req 1200 | max.2000 Q
R.F. connected as triode Req 650 : Q
A.F. (500 - 3000 Hz) Req 5000 Q
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C3m

CHARACTERISTICS (continued)

Insulation between cathode
and heater

Voltage between cathode and
heater Vif = 50 V (cathode positive)

I

1II

Licf

max. 0.5

max.1.0

MA

Insulation between two electrodes

Voltage between electrodes
V=50V

Rins

min. 1000

min. 300

MG

Hum voltage

Grid No. 1 resistor Rgl = 500 k2
Cathode by-pass capacitor Cyg = 100uF

Heater centre earthed

CAPACITANCES

Grid No. 1 to grid No.2, grid No.3,
cathode, heater and screen

Grid No.1 to grid No.2, grid No. 3,
cathode, heater and screen

Cathode current Iy = 19 mA

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

Grid No. 1 and anode to grid No. 3,
grid No. 2, cathode, heater
and screen

Anode to grid No. 1

Grid No. 1 to grid No.2

Grid No.2 to grid No.3

Grid No. 1 to cathode and screen
Anode to grid No.3

Grid No. 1 to heater

Anode to heater

Cathode and screen to heater

Vv - max.

10

1I

HVRMS

Cg1/gog3kis

Cg1/gogskis

Ca/gzgakfs

Cgia/gagokis

Cag,
Cgigy
Cgogs
Cgl/ks
Cags
Cg,f
Caf
Cks/f

10.

ot

14

[N
]

max.

max.

ut

pF

pF

16 | pF
18 | mpF

pF
pF
pF
pF

40 | mpF

mpF
pF
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C3m

CAPACITANCES (continued)

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

I II

Grid No.1 to cathode, heater and

screen Cgl/kfs 5 |imax.6 | pF
Anode, grid No.2 and grid No. 3 to

cathode, heater and screen CangS/kfs 7.5 |max.9 | pF
Anode, grid No.2 and grid No.3 to

grid No. 1 Cag’)gs/gl 3.2 |max.4 | pF
LIFE

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

under the following conditions during 10000 hours.

Heater voltage Vs 20 V
Anode supply voltage Vpa 225 V
Grid No.2 supply voltage ngz 185 WV
Grid No.3 voltage Vg3 0 Vv
Cathode resistor Ry 250 @

LIMITING VALUES Design centre rating system.

Anode voltage \’ao max. 530 V
Va max. 300 V
Anode dissipation Wa max. 4 W
3rid Nc age ¢ 35 /
Grid No. 3 voltage Vg30 max. 350 V
VgS max. 300 V
Grid No.3 dissipation Wg3 max. 1 W
Grid No.2 voltage Vg20 max. 530 V
ng max. 300 V
Grid No. 2 dissipation Wg9 max. 1 W
Dissipation of anode, grid No.2 and grid No.3
(triode connected) Wa@,)ma max. 5 W
Grid No.1 voltage —\/gl max. 100 V
Grid No. 1 dissipation ng max. 50 mWw
Cathode current Ix max. 30 mA
4 !! December 1968
|



C3m

LIMITING VALUES (continued)

Grid No. !l resistor Rgl max.
Anode dissipation > 1.5 W
Grid No. 1 resistor Rgl max.

Anode dissipation < 1.5 W

Voltage between cathode and heater Vkf max.

Bulb temperature thulp =~ Max.

(Metal envelope)

Heater voltage: The average heater voltage should be 20 V.
Variations of the heater voltage exceeding the range of 19V to

21 V will shorten the tube life.

(e}
wn

120
120

M¢S2

M€z

The tolerance of heater current (column II) should be taken into

account.

December 1968
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7721 - MAINTENANCE TYPE - D3a

S.Q. TUBE

Special quality pentode designed for use as wide band amplifier

QUICK REFERENCE DATA
Life test 10000 hours

Low interface resistance
Base Noval. Gold plated pins

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

Heater voltage Vi 6.3 V
Heater current I¢ 315 mA
Anode current Ly 22 mA
Mutual conductance ] 35 mA/V
Equivalent noise resistance Req 150 2
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max22
& ——>

N
N

max54.7 -
max61.8

September 1974 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

Frequency = 100 MHz

I II III

Heater voltage vVt 6.3 Vv
Heater current Ig 315 299 331 | mA
Anode supply voltage Vba 190 A%
Grid No.2 supply voltage ngz 160 \%
Grid No.3 voltage VgS 0 \%
Grid No.l supply voltage -H/bg1 10 v
Cathode resistor Ry 400 Q
Anode current T 22 | 21- 23| min. 20| mA
Grid No.2 current Iy, 6.0 |5.4-6.6 mA
Internal resistance Rj 120 k2
Mutual conductance S 35| 30- 40| min.24.5 | mA/V
Amplification factor ugzgl 80
Negative grid current —Igl max.0.3 | max. 1.0 | A
Equivalent noise resistance Req 150 Q2
Input resistance Rgl 1 k2

Frequency = 100 MHz

pin No.l connected to pin No.3

S 1
= = 230 MHz
2T Cgi(hot) + Ca + 5 PF ’
Noise factor F 7 dB

Frequency = 100 MHz

(Adapted to minimum noise)
Phase angle of slope Ps 22 o

December 1968



D3a

CHARACTERISTICS (continued)

As triode (grid No.2 connected to anode) I II
Anode supply voltage Vba 160 v
Grid No.3 voltage Vg3 0 \%
Grid No.1 supply voltage +ngl 10 A%
Cathode resistor Ry 470 Q
Anode current Iy 24 mA
Mutual conductance S 41 mA/V
Amplification factor “ 77
Internal resistance i 1.9 kQ
Equivalent noise resistance Req 65 R
Insulation resistance between
anode and other electrodes Ripg min. 500 | M2
Voltage between electrodes = 300 V
Insulation resistance between
grid No.1 and other electrodes Rins min. 200 | MQ2
Voltage between electrodes = 50 V
Leakage current between cathode
and heater Ik max. S |uA
Voltage between cathode and heater
=100 V
CAPACITANCES
Without external shield.
Grid No.1 to grid No.2, grid No.3,
cathode, heater and screen Cgl/g?gSkfs 10 9- 11 | pF
Grid No.1 to grid No.2, grid No.3,
cathode, heater and screen cgl/ngkas 17 pF
Cathode current = 28 mA
Anode to grid No.2, grid No.3,
cathode, heater and screen Ca/gzggkfs 2.1 1.8- 2.4 | pF

December 1968




D3a

CAPACITANCES (continued)
Anode to grid No.!1

Anode to cathode
Anode to cathode and grid No.2

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

Anode to heater
Grid No.1 to cathode
Grid No.1 to cathode and grid No.2

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

With external shield

Grid No.1 to grid No.2, grid No.3,
cathode, heater and screen

Grid No.1 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

Anode to grid No.1

As triode. Without external shield.

Grid No.3 connected to cathode

Grid No.1 to grid No.3, cathode,
heater and screen

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

Anode and grid No.Z to grid No.1

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

Grid No.l to cathode, heater
and screen

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

Anode, grid No.2 and grid No.3
to grid No. 1

II

Cagl
Cak
Ca/kg2

Ca/kgyg3
Caf

Cey,
Cg1/kgy

Cg,/kg83

Cg,/go23kes
Cg,/gy23kfs

Ca/gyg3kis

Cg)/g3kfs

Cagz/gSkfs
Cagz/gl

Cgl/kfs
Cagzgs/kfs

Cagrgas/g)

0.32

10.1

~l
[°~]

max. 40
max. 30
0.28-0.36
1.7= 2.3
max. 100
6.1= 7.5
8.5-10.5

9- 11
9.1-11.1
2.9 3.7
max. 35

mpF
mpF
pF

pF
mpF
pF
pF

pF

pF

pF

pF
mpF

pF

pF
pF

pF

pF

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 W, max. 4.2 W
Abs. max. W, max. 4.5 W
Grid No.2 voltage Vg20 max. 400 V
ng max. 180 V
Grid No.2 dissipation Des. centre Wgz max. 1.0 W1
Abs. max. Wg2 max. 1.1 W1
Anode plus grid No.2 dissipation
(triode connected) Wa+g2 max. 4.5 W
Grid No.1 voltage —Vgl max. 30 V
+ Vgl max. 0 Vv
Cathode current Des. centre Ix max. 30 mA
Abs. max. Iy max. 33 mA
Grid resistor (Automatic bias) Rg1 max. 0.5 MQ
Voltage between cathode and heater
cathode positive Vit max. 120 V
cathode negative Vks max. 60 V
Bulb temperature Abs. max. thulb max. 190 ©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.

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 uF a series resistor of mini-
mum 1 k2 should be inserted in the grid No.1 lead.

December 1968
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6977 DM1i160

S.Q. INDICATOR TUBE

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

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

Filament voltage Vi 1.0 V

Filament current I¢ 30 mA

"On" ="off" control voltage AV min. 1.4 V
DIMENSIONS AND CONNECTIONS Dimensions in mm <—

3
o /
| [é% ga
LO+1‘ ©

“~.—black dot

sector of light
7 g output N

R
72038441

o.4¢2)"m |

7203728

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.
The axis of the light output indicated by a black dot.

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 Ly
(maximum light output)
Anode current
Zero light output is ensured
when grid supply voltage 1) 2)
is below
Anode current
atVp = -3V 2)
g

Insulation resistance
between two electrodes
Voltage between two

electrodes = 50 V

SHOCK RESISTANCE

I 1I 111

Vg 1.0 v
Iy 30 | 24-36 mA
Va 50 %
Rg 100 kQ
ng 0 Vv
I 585 [430-740 | min. 250 | pA
ng =3 -3 =31V
Iy max. 5| max. S| mA
Ring min.100 MQ

The tube has been subjected 5 times in eachof 4 positions to an acceleration of 500 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

Anode voltage

Grid supply voltage

Grid resistor

Vi

1) Voltage with respect to the midtap of the filament transformer.
2) The residual electron current may be concentrated onone spot which then may be
visible in dark surroundings. This effect cannot be mistaken for the indicator

being in the "on" condition.

1.0 VRMmS
50V
0o vl
100 k2

June 1968



DM160

LIMITING VALUES (Absolute max. rating system)

max. 100 V

. ) o 40

Anode voltage Va max. 65 Y

Anode current Ia max. 830 wuA

Grid supply voltage, Rg = 100 k2 +10¢ ng max. 0 Vv

l{g = 1 MQ2+10% \’bg max. 6 V

Grid voltage -Vg max., o0 V
P max. 1.1 MQ

Grid resistor Rg min. 0.09 MQ

Filament voltage: The average filament voltage should be 1.0 V.
Variations exceeding 0 or - 10 9, 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 AV = 3 V (AV is the difference between
the "high" and "low" voltages of the flip-flop) but an unambiguous indication is still
obtained at AV = 1.4 V under nominal conditions and a low level of ambient light.
With still smaller values of drive voltage a pre-amplifier is required.

Figs.land2 show typical arrangements for negative and positive logic, respectively.

% '_fYW\_I e 4

Fig.1 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



DM160

12v

b

7, 72093821

Fig.2 Digital read-out circuit with DM160 connected to positive logic circuit which
uses a type of flip-flops equipped with n-p-ntransistors and of which the "high"”
output level may be above +7.5V and the "low" levelnear 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 AV 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.

DM160

Rg=1MJL _L_—°+

50V

44
WY/
H

_12v.

v

e

_L‘

35

>
o~

! 7209393
7

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.

- January 1970
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DM160

155 |
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7209394
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8233 MAINTENANCE TYPE - ES5L

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 Vi 6.3 V+5%
Heater current If 600 mA
Anode current Iy 50 mA
Mutual conductance S 45 mA/V
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Magnoval

<max302,

T/JH 1
w

o e

&~

S 5

& £
v

7204254
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ESSL

CHARACTERISTICS

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

1 II 111

Heater voltage Vs 6.3" \%
Heater current I 600 mA
Anode voltage Va 125 A%
Grid No.3 voltage VgS 0 \Y%
Grid No.2 voltage Vg2 125 \%
Grid No.1 voltage —Vgl 3 Vv
Anode current L; 50 mA
Grid No.2 current Ig2 5.9 mA
Mutual conductance S 45 mA/V
Internal resistance Rj 20 k2
Amplification factor ugzgl 30
Input resistance Rg1 1 k2

Frequency = 50 MHz
Anode supply voltage Vba 140 \%
Grid No.3 voltage Vg3 0 \%
Grid No.2 supply voltage ng2 140 Vv
Grid No.l supply voltage +ngl 12 Vv
Cathode resistor Ry 270 Q
Anode current Ia 50 48 - 52 mA
Grid No.2 current Ig2 5.5 4,5=6.5 mA
Grid No.1 to cathode voltage _Vglk 3.0 2.3-8.7 1.8V
Mutual conductance S 45 38- 52 mjxs ;59‘7 mA/V
Negative grid current —Ig 2| A

2 December 1968



ESSL

CHARACTERISTICS (continued)

As triode (grid No.2 connected to anode)

Anode voltage

Grid No.1 voltage
Anode current
Mutual conductance
Internal resistance

Amplification factor

CAPACITANCES

Pentode connected

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

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

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

and heater
Cathode current
Ix = 55.5 mA

Anode to grid No.1

Ca/gngkf

Cg1/8389k

Cg,/g3gokf

Cag,

Triode connected (grid No.2 connected to

Anode to grid No.3,
cathode and heater

Grid No.1 to grid No.3,
cathode and heater

Anode to grid No. 1

Cathode to heater

Cal/g3kf

Cg1/g3ke
Cag)
Cyf

I
Vo 125 |V
—Vgl 3|V
Ia 55.5 | mA:
S 50 | mA/V
Ry 600 | ©2
“ 30
I | 1 1 | I
With shield Without shield
6.5]5:8-7.2 | 4.0} 3.6- 4.4 | pF
181 15- 21 18| 15- 20 |pF
28 28 pF
80 | max. 120 110 | max. 150 | mpF
anode)
10.5] 9.4-11.6 | 7.8]7.0- 8.6 | pF
11.8] 10-13.6 |11.8 | 10-13.6 | pF
6.2 5.5~ 6.9 | 63} 5.6~ 7.0 | pF
6.0 6.0 pF
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ESSL

SHOCK AND VIBRATION RESISTANCE

The following test conditions are appliedto 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 30 Hz with an acceleration of 2.5 g.

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vao max. 400 V
' ¥ max. 200 V
Anode dissipation W max. 10 W
Grid No.2 voltage ngo max. 350 V
Vg,_) max. 175 V
Grid No.2 dissipation Wg2 max. 1.5 W
Grid No.1 voltage, negative _Vgl max. 55 V
positive Vgl max. 0V
Cathode current Ix max. 75 mA
Grid No.l resistor Rgl max. 125 k&2
Voltage between cathode and heater Vit max. 200 V
Bulb temperature thulb max. 180 ©C

In applications where a long life is not required, Ix max. can be increased to
100 mA and tpy)p max. to 220 °C

4 I I December 1968



ESS5L

OPERATING CONDITIONS

Anode supply voltage Vba 140V
Grid No.2 supply voltage ng? 140 'V
Grid No.3 voltage Vg3 0 Vv
Grid No.1 supply voltage -—\"bgl 12V e
Cathode resistor Ry 270 @ o
Anode current I, 50 mA
Grid No.2 current Iy 5.5 mA
Mutual conductance 45 mA/V
) - 7200760
l792 i - e
(mA) ;' -
T ! T ko
St V=125V T
(mA/V) /
S Vgg= 125V
160 200
‘ T
T T i
] I
' I
60 | 11 ] s<ﬁ~w
1
A
40 ' ; 100
]
i
Ig;]
120 50
]
I
Sz alB= T
R I 0
VorlV) 6 -4 2 0
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6085

MAINTENANCE TYPE

-— E80CC

S.Q. TUBE

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

QUICK REFERENCE DATA

Life test

Mechanical quality
Base

Heating

Heater voltage
Heater current
Anode voltage

Grid voltage

Mutual conductance

10000 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

Vs 12.6 6.8 V

I 0.3 0.6 A

Vi, 250 'V

"\/g =5.5 V

8 2.7 mA/V

DIMENSIONS AND CONNECTIONS

Base: Noval

7203950

max 22
————»
/_/'“ k K&
™
e
o X
Eg i
,J '

Dimensions in mm

0.01uF @ 0.01uF
) I I by

R
v MOS @ %pg, %

[ %6 For ' [

e

77203830

I 7203951
+

Fig.1
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E80CC

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 111

Heater voltage Ve | 12,6 A%
Heater current L; 300 | 285-315 mA
Anode voltage Va 250 v
Cathode resistor Ry 920 Q
Anode current L, 6.0 5.4-6.6 | min. 4.3 | mA
Transconductance S 2.71 2.2-3.2 | min. 1.8 | mA/V
Amplification factor 27
Internal resistance Ry 10 | min. 7 k2
Negative grid current —Ig max.0.5 max.1.0 | uA
Difference in anode current
of two_sections lla»la“ max.3.0 mA
Anode voltage V. 250 A
Negative grid voltage ‘Vg 5.9 Vv
Cut -off voltage vVg 17 A%
Anode voltage Vi 250 \Y%
Anode resistor Ry 1 MQ
Anode current Iy max. 15 MA
Hum voltage Vg max. 75 MVRMS

Grid resistor Rg =0.5 M2
Leakage current between
cathode and heater It max. 12 MA

Voltage between cathode and

heater Vs =120 V
Cathode heating time 16 | max. 23 sec
Cathode cooling time min. 13 sec
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E80CC

CAPACITANCES
External screen | Without external
screen
I II I 1I

Anode to cathode and heater Cy/kf |3.5( 2.8 -4.2 |0.45 pF
Grid to cathode and heater Cg/kf |2:6[1.9-3.3 2.4 pF
Anode to grid Cag 3.0]2.4-3.6 3.l pF
Grid to heater Cgf max.0.23 max.0.23 | pF
Cathode to heater Ckf 4.8 4.8 pF
Anode to cathode and heater Cg'/k'f|3.0| 2.3 -3.7 |0.55 pF
Grid to cathode and heater Cg'/k'f 2.6 1.9 -3.3 2.4 pF
Anode to grid Ca'g’ 3.0 2.4 =3.6 3.0 pF
Grid to heater Cg't max.0.23 max.0.23 | pF
Cathode to heater Cx'f 4.8 4.8 pF
Anode to anode other section Cgy' 1.8 0.9 =1,7 |1.45 pF
Grid to grid other section ng' max. 13 max. 13| mpF
Anode to grid other section Cag' max. 0.1 max. 0.1 | pF
Grid to anode other section Cg‘a' max. 65 max. 65| 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.
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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 Vi 6.3 V
Anode voltage Vg 250 V
Cathode resistor Ry 920 @

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vao max. 600 V
Va max. 300 V
Anode dissipation W, max. 2 W
Cathode current Iy max. 12 mA
Cathode current peak value Ikp max. 150 mA

Grid current peak value max. 30 mA
Duty factor max. 0.005
Pulse duration max. 10 us
Cathode current peak value Ikp max. 30 mA
Grid current peak value max. 2 mA
Duty factor max. 0.2

Pulse duration max. 400 us

Grid voltage —Vg max. 200 V
Grid current, average value Ig max. 0.3 mA
peak value Igp max. 30 mA
Voltage between cathode and heater Vit max. 120 V
Bulb temperature thulb max. 170 ©C
Grid resistor (automatic bias) Rg max. 1 MQ
Grid resistor (fixed bias) Rg max. 0.5 MQ

Heater voltage. The average heater voltage should be 6.3 V or 12.6 V.
Variations of the heater voltage exceeding the range of 6.0 V to
6.6.Vor 12.0 to 13.2 V will shorten the tube life.

The tolerance of heater current (column II) should be taken into
account.
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E80CC

OPERATING CHARACTERISTICS

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

Anode supply voltage Vba 200 250 300 350
Anode resistor R, 47 47 47- 47
Cathode resistor Rk 1.2 1.2 1.2 1.2
Grid resistor Rg' 0.15 0.15 0.15 0.15
Anode current L 1.86 :2.45 3.15 3.80
Voltage gain Vo/Vi 18.5 18.5 18.5 18.5
Output voltage at +1Ig = 0.3 LA Vs 20 30 40 50
Total distortion 1) drot 3.3 3.8 4.0 4.1
Anode supply voltage Vb, 200 250 300 350
Anode resistor R, 100 100 100 100
Cathode resistor Rg 2.2 2.2 2.2 Pl
Grid resistor Rg' 0.33 0.33 0.33 0.33
Anode current Iy 100 1.30 1:65 1:95
Voltage gain Vo/ Vi 20 20 20 20
Output voltage at +Ig =0.3uA Vo 22 32 42 52
Total distortion l) dtot 3.1 3.4 3.5 3.6
Anode supply voltage Vba 200 250 300 350
Anode resistor Ry 220 220 220 220
Cathode resistor Rk 3:9 3.9 3.9 3.9
Grid resistor Rg! 0.68 0.68 0.68 0.68
Anode current I 0.52 0.67 0.83 0.99
Voltage gain Vo/ Vi 21 21 21 21
Output voltage at +Ig =0.3pnA V, 19 29 38 47
Total distortion 1) drot 2.3 2.6 3.0 3.1

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

0.33 MQ
2.30 mA

0.68 MQ
1.15 mA

58 VRMs
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7643 MAINTENANCE TYPE

-_—

E8BOCF

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 REFERENCE DATA

Life test
Low interface resistance

Mechanical quality

10000 hours

Shock and vibration resistant

Base Noval. Gold plated pins
Heating Indirect
A.C. or D.C.; parallel supply
Heater voltage Vg 6.3 V
Heater current Ig 330 mA
Pentode: Anode current Ly 10 mA
Mutual conductance S 6.2 mA/V
Amplification factor m 40
Triode: Anode current Iy 14 mA
Mutual conductance S 5 mA/V
Amplification factor v 18
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval max22
o
3
= |
o
sFiTs
Ce
95
T
v
v

7200442
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ESOCF

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 11 I

Heater voltage Vg 6.3 \4
Heater current Lg 330 313 - 347 mA
Pentode section
Anode supply voltage Vpa 170 \Y%
Grid No.2 supply voltage ngz 170 v
Cathode resistor Ry 155 Q
Anode current I, 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.2 to grid No.1l “gzgl 40
Internal resistance Ry 0.4 | min. 0.26 MQ
Negative grid No. 1 current Igl max. 0.5 | max.1.0| uA
Triode section
Anode supply voltage Vpa 100 A%
Cathode resistor Ry 120 Q
Anode current I, 14 10- 18 min. 8.4 | mA
Mutual conductance s 50 4- 6 min. 3.5 | mA/V
Amplification factor 7 18
Negative grid curren.t -—Ig max. 0.5 max. 1.0 | uA
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E8OCF

CAPACITANCES Without external shield

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

cathode, heater and screen Cgl/gzgSkfs 5.6 5«2= 6 | pPF
Anode to grid No.2, grid No.3

cathode, heater and screen Ca/gzgg kfs 3.4 3+3.8 | pF
Anode to grid No.1 Cagl max. 25 | mpF
Grid No.1 to heater Cglf max.0.16 | pF
Grid to cathode (triode), cathode (pentode)

grid No.3, heater and screen cg/kapg3fS 2.8 2.2-2.8 | pF
Anode to cathode (triode), cathode (pentode)

grid No.3, heater and screen Ca/kaPg3fs L.5 l.2-1.8 | pF
Anode to grid Cag 1.5 Le2~1.8 | 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 (pentode) to anode (triode) CglP-aT max.0.16 | pF

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 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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E8OCF

LIFE

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

Pentode section
Vpa = 170V
ngZ = 170 V
Ry = 155

Triode section
Vha = 100V
Ry = 120 @

LIMITING VALUES (Absolute max. rating system)

Pentode section

Anode voltage Vao max. 550 V
Vy max. 275 V

Anode dissipation W, max. 2.15 W
Grid No.2 voltage ngo max. 5350 V
Grid No.2 voltage:

Cathode current > 10 mA ng max. 200 V

Cathode current < 10 mA ng max. 225 V
Grid No.2 dissipation:

Anode dissipation > 1.2 W Wg2 max. 0.7 W

Anode dissipation < 1.2 W Wg7 max. 0.8 W
Grid No.1 dissipation ng max. 0.1 W
Negative grid No.l voltage —Vgl max. 100 V
Cathode current Ix max. 18 mA
Voltage between cathode and heater Vis max. 100 V

rid resistor (fixed bias) Rgl. max. 0.5 MQ
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E8SOCF

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

Triode section

Anode voltage \\;20 zzﬁ ;572 X
Anode dissipation W, 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 Ix 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 Vit max. 100 V
Grid resistor (fixed bias) Rg max. 0.5 MQ
Bulb temperature thulb 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.

December 1968
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E8OCF

OPERATING CHARACTERISTICS

Pentode section as R.F. amplifier

Anode supply voltage Vpa 170 'V
Grid No.2 supply voltage ngz 170 'V
Cathode resistor Rk 155 @
Anode current Iy 10 mA
Grid No.2 current Igz 2.8 mA
Mutual conductance S 6.2 mA/V
Amplification factor

grid No.2 to grid No.1 Hgog 40
Internal resistance Ry 0.4 MQ
Input resistance at 50 MHz gy 10 k2
Equivalent noise resistance Req 1.5 k@
Pentode section as mixer
Anode supply voltage Vba 170 V
Grid No.2 supply voltage ngZ 170 'V
Grid No.!1 resistor Rgl 0.1 M2
Cathode resistor Rg 330 @
Oscillator voltage Vosc 3.5 VRMS
Anode current I, 8 mA
Grid No.2 current Igz 2.5 mA
Grid No.l current Igl 12 uA
Conversion conductance Sc 2.4 mA/V
Internal resistance Ry 0.5 MQ

Triode as oscillator

Operation in Colpitts circuit is recommended.

Operation in Hartley circuit is not recommended.

December 1968
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6084 MAINTENANCE TYPE -

ESOF

S.Q. TUBE

Special quality pentode designed for use as amplifier.

QUICK REFERENCE DATA

Life test 10000 hours

Low interface resistance

Mechanical quality Shock and vibration resistant
Base Noval. Gold plated pins
Heating Indirect

ACs 0F DC:

Series or parallel supply
Heater voltage Vs 6.3 V
Heater current Ig 300 mA
Anode current Ia 3 mA
Mutual conductance S 1.85 mA/V
Equivalent noise resistance (A.F.) Req 40 kQ
Hum voltage Vgl max. 3 “VRMS

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

s |

f 7203957 7203956
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E8OF

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

it 1I III

‘Heater voltage Vg 6.3 AY
Heater current Ie 300 | 285- 315 mA
Anode voltage Va 250 \%
Grid No.3 voltage Vg3 0 A%
Grid No.2 voltage ng 100 A%
Cathode resistor Rk 550 Q
Anode current Iy 3| 2.5~ 3.5 | min. 2.0 | mA
Grid No.2 current Ig2 0.65 |0.45-0.85 | nun.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 MQ
Amplification factor

grid No.2 to grid No.l Mgog) 25
Equivalent noise resistance Req max. 40 k2

Frequency 0-10 kHz

Grid No.l resistor Rgl =08
Negative grid No.l current —Igrl max. 0.1 | max. 0.2 | uA
Cut off voltage —Vgl 75 v

Anode voltage Vg, 250 A%

Grid No.3 voltage Vg3 0

Grid No.2 voltage ng 100 Vv

Anode current Iy max. 20 LA
Hum voltage Vgl max. 5 HVRMS

Grid resistor Rgl =1 MR

Cathode resistor bypassed
Leakage current between

cathode and heater max. 12 HA

Voltage between cathode and
heater Vif = 120 V

December 1968
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E8SOF

CAPACITANCES With external shield

1 11

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

cathode and heater Ca/gzgskf 7.3 | 6.8-7.8 | pF
Grid No.1 to grid No.2, grid No.3, )

cathode and heater Cgl/ngSkf 5.0 | 4.5-5.5 | pF
Anode to grid No.1 Cagl max. 25 | mpF
Grid No.1 to heater Cglf max. 2| mpF
Cathode to heater Cxt 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.

LIiFE

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 Vv
Grid No.3 voltage Vg3 0 Vv
Grid No.2 voltage ng 100 V
Cathode resistor R 550 @
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E8OF

LIMITING VALUES (Absolute max. rating system)

Anode voltage :;20 :;ﬁ 288 :{
Anode dissipation Wa max. 1.3 W
Grid No.2 voltage Xg;o Ezi 388 1,
Grid No.2 dissipation Wgz max. 0.4 W
Negative grid No.3 voltage —Vg3 max. 100 V
Negative grid No.1 voltage —Vgl max. 100 V
Cathode current Ix max. 9 mA
Voltage between cathode and heater

Cathode positive Vkf (k pos) max. 120 V

Cathode negative Vs (k neg) max. 60 V
Grid No.1 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 6.0V 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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E8SOF

OPERATING CHARACTERISTICS

Resistance coupled A.F. amplifier

Anode supply voltage Vba 100 200 250 300 400 V
Grid No.2 supply voltage ngg 100 200 250 300 400 V
Anode resistor Ry i 0.22 0.22 0.22 0.22 0.22 MQ
Grid No.2 resistor Rgz 1.0 1.2 1.2 1.2 12 MR
Cathode resistor Ry 3.3 1.8 1.8 1.2 1.0 k@
Grid No.1 resistor Rgl 1 1 1 1 1 M2
Grid resistor next stage Rgl' 0.68 0.68 0.68 0.68 0.68 MR
Anode current I, 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 1200 165 175 190 200
Output voltage at Hg = 0.3 A Vg, 8 20 25 30 40 VRMmS
Total distortion deot 1.7 1.6 1.4 1.1 0.9 %
Electrometer pentode

Heater voltage Ve 4.5 V
Anode voltage Vg 40 V
Grid No.3 voltage Vg3 0 Vv
Grid No.2 voltage Vg2 40 V
Negative grid No.1 voltage —Vgl 2:15 NV
Anode current Iy 40 pA
Grid No.2 current Igz 9 uA
Negative grid No.l current _Igl max. 10710 A
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6227 MAINTENANCE TYPE - ESOL

S.Q. TUBE

Special quality output pentode

QUICK REFERENCE DATA

Life test
Low interface resistance

Mechanical quality

10000 hours

Shock and vibration resistant

Base Noval. Gold plated pins
Heating Indirect
A G, or D.IC,
Series or parallel supply
Heater voltage Vi 6.3 V
Heater current I¢ 700 mA
Anode current Iy 30 mA
Output power, one tube W, 2.7 W
two tubes class AB Wo ’ 5.7 W
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval
s,

max72
max 78

i/

7203830
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ESOL

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 1I 111

Heater voltage Ve 6.3 \Y%
Heater current If 700 | 665 - 735 mA
Anode voltage Va 200 A%
Grid No. 3 voltage vV g3 0 \Y
Grid No. 2 voltage Vg, 200 v
Cathode resistor Rk 130 Q
Anode current Iy 30| 26.5 - 33.5| min. 21| mA
Grid No. 2 current Igz 4.1 2.7 - 5.5|min. 2.0| mA
Mutual conductance S 9.0 7.4 -10.6| min. 6.0| mA/V
Amplification factor

grid No.2 to grid No. 1 Hgog ) 21.5
Negative grid No.1l current —Igl max. 0.5 max.1.0| uA
Anode voltage Va 200 Vv
Grid No. 3 voltage Vg3 0 v
Grid No.2 voltage Vg, 200 \Y%
Anode current Iq 30 mA
Load resistance Ry 7 kQ
Output power : Wo 2.7 | min. 2,40 W
Cut-off voltage —Vgl 14 Y

Anode voltage Va 200 AY

Grid No. 3 voltage Vg3 0 v

Grid No. 2 voltage ng 200 v

Anode current Iy max. 0.2 mA
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E8OL

CHARACTERISTICS (continued) 1

II

III

Hum voltage Vgl max
Grid No.l resistor Rgl =0.5 M@

Cathode resistor by-passed

Leakage current between

cathode and heater Tkf max.

Voltage between cathode
and heater Vyg = 120 V

Insulation resistance between

two electrodes R min.

Voltage between electrodes = 300 V

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

0525

50

max. 20

min. 10

11

mVRMS

MA

MQ

cathode heater and screen Cgl/ggg‘zkfs
Anode to grid No.3, grid No.2,
cathode heater and screen ca/gggzkfs

Anode to grid No.1 Cagl
Grid No.1 to heater Cglf
Cathode to heater Ckt

SHOCK AND VIBRATION RESISTANCE

10

6.8

~)
o

9.2-10.8

6.3~ 7.3
max.0.15

max.0.25

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 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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E8SOL

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
Grid No.3 voltage Vg3 0
Grid No.2 voltage Vg, 200
Cathode resistor Rk 130

LIMITING VALUES (Absolute max. rating system)

Anode voltage

Anode dissipation
Negative grid No.3 voltage

Grid No.2 voltage

Grid No.2 dissipation

Grid No.1 voltage

Cathode current

Voltage between cathode and heater
Bulb temperature

Grid No.1 resistor (automatic bias)

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

Vv

Va
Va

(0]

tbulb

Rgl

max.

max.

max.

max.

max.

max.

max.

max.,

max.

max.

max.

max.

600 V
300 V
8 W
100V
600 V
300 V
2.6 W
100V
50 mA
120 V
225 °¢C
I MQ

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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ESOL

OPERATING CHARACTERISTICS

Output tube class A

Anode voltage

Grid No.3 voltage
Grid No.2 voltage
Grid No.2 resistor
Cathode resistor
Anode current
Grid No.2 current
Mutual conductance
Internal resistance
Load resistance
Output power

Total distortion

Output tube class AB (two tubes)

Anode voltage
Grid No.3 voltage
Grid No.2 voltage
Cathode resistor

Load resistance

Input voltage
Anode current
Grid No.2 current
Output power

Total distortion

W,

dtot

N
o

0
2x20.6
8
0

200

200

130

270
24
3.3

w
b
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mA/V
k2

k2

w

2 < g <

e
14

VRMS
mA
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ESOL

OPERATING CHARACTERISTICS (continued)

Output tube class AB (two tubes)

Anode voltage Va 250 A%
—_— Grid No.3 voltage Vg3 0 A%
e Grid No.2 voltage Ve, 250 v
— Cathode resistor Ry 150 Q
Load resistance Raaw 9 k2
Input voltage \A 0 032 7.8 VRMS
Anode current L 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 diot - 4.5 %
6 December 1968
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6686 MAINTENANCE TYPE - E81L

S.Q. TUBE

Special quality output pentode designed for usc in telephone equipment.

QUICK REFERENCE DATA

Life test 10000 hours
Base Noval. Gold plated pins
Heating Indirect

8.Cy OF d.Cy

Series or parallel supply

Heater voltage Vi 6.3 V
Heater current Iy 375 mA
Anode current I, 20 mA
Output power Wo 1 W
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max 22
- >

max 61
max 67

£ 7206835 ———

72033%
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ESIL

CHARACTERISTICS

Column I  Nominal value or setting of the tube

II Range values for equipment design: Initial spread

IIT Range values for equipment design: End of life

heater Vif = 120 V

I 11 I

Heater voltage Ve 6.3 A%
Heater current I¢ 375 | 355- 395 mA
Anode voltage Vs 210 v
Grid No.3 voltage Vg3 0 \Y
Grid No.2 voltage Vs 210 \"
Cathode resistor Ry 120 Q
Anode current I, 20 17- 23 | min.13.5| mA
Grid No.2 current Ig,) 5.3[4.1- 6.5 | min. 3.1| mA
Mutual conductance S ) 111 9.5-12.5| min. 7.8 | mA/V
Internal resistance R; 0.3 | min. 0.2 MQ2
Amplification factor

grid No.2 to grid No. 1 Hgogy 36
Equivalent noise

resistance Re(] 1.2 k2

Negative grid current ‘Igl max. 0.5 max. 1.0 uA
Hum voltage Vgl max. 0.2 mVRMS

Grid resistor Rgl =0.5 MQ2

Heater centre earthed

Cathode resistor bypassed
Leakage current between

cathode and heater Iyt max. 24 HA

Voltage between cathode and

December 1968



ES1IL

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

cathode heater and screen Ca/gggzkfs 6.5 5.9 =7.,1 | pB
Grid No. 1 to grid No.3, grid No.2

cathode heater and screen Cgl/gngkfs 11.2 | 10.4 = 12 | pF
Grid No.! to grid No.3, grid No.2

e e e Coase |14 )

I, =25 mA
Anode to grid No.1l Cagl max. 0.02 | pF
Grid No.1 to heater Cglf max. 0.2 |pF
Cathode to heater Cks 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 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 IIT)
under the following conditions during 10.000 hours.

Anode voltage Va 210 'V
Grid No.3 voltage Vg3 0 Vv
Grid No.2 voltage ng 210 V
Cathode resistor Ry 120 @

December 1968 3




E8iL

LIMITING VALUES (Design centre rating system)

Anode voltage V"’o
\’L{
Anode dissipation W,
Grid No.2 voltage ngo
ng
Grid No.2 dissipation \Vg,)
Cathode current Iy .
Grid No.1 resistor:
automatic bias Rgl
fixed bias Rgl
Voltage between cathode and heater Vit
Bulb temperature thulb

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

350V
210 V
4.5 W
550 'V
210 WV
1.2 W
30 mA
0.5 M@
0.25 M@
120 V
170 ©°C

Heater voltage: The average heater voltage should be 6.3 V. Variations of the
heater voltage exceeding the range of 6.0V to 6.6V 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 Vi 210V

Grid No.3 voltage VgB 0 Vv

Grid No.2 voltage VJ.,) 210 V
Cathode resistor Rk- 120 ©
Load resistance Ra 15 kQ
Anode current I 20 mA
Grid No.2 current Igo 5.3 mA
Output power \V; 1 W
Total distortion diot ST
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E81L

OPERATING CHARACTERISTICS (continued)

Amplifier
Anode voltage Vi
Grid No.3 voltage Vg3
Grid No.2 voltage ng
Cathode resistor R K
Load resistance R,
Anode current Ia
Grid No.2 current Ig.2
Voltage gain Vo/ Vi
7203996—5h 12 -
= P
I T N ENEE S SR NE RN R S
(mA) Tt ‘ 1S T (mANV)
I i i A B S8
V, =20vEEHEE s -
Vg2 =210V 125
5 Vo3 =0V | il
I
I
40 T 10
T
V4
/
I AT
30 - 75
-
20 £}
g
10 25
V.
7
0
-8 Vg1 (vV) -6 -4 -3 0

210
0V
210
180
20 k@
15 mA
4 mA
15 N
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E82CC

MAINTENANCE TYPE -

S.Q. TUBE

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

QUICK REFERENCE DATA

Life
Low interface resistance

Mechanical quality

10000 hours

Shock and vibration resistant

Base Noval
Heating Indirect

A.C. or D.C.; Parallel supply
Heater voltage Vi 6.30rl12.6 V
Heater current It 300 or 150 mA
Anode current I 10.5 mA

Mutual conductance 8 2.2 mA/V

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

R e ]

max56.3
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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 1I III

Heater voltage, pin 9 and 4 + 5 Vi 6.3 Vv
Heater current I¢ 300 | 285- 315 mA
Heater voltage, pin 4 and 5 Vi 12.6 v
Heater current If 150 mA
Anode voltage Va 250 A%
Cathode resistor Ry 800 Q
Anode current Iy 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 M 17.0 [15.7-18.3
Internal resistance Ri a7 k€2
Cut -off voltage
Grid voltage —Vg 22 vV
Anode current L 10 LA
Grid voltage —\/'g max. 30 Vv
Anode current L 20 UA
Grid voltage —Vg min. 18 V
Anode current I, 5 A
Negative grid current —Ig max. 0.5 | max.1.0 | pA
Anode voltage Va 100 A%
Grid voltage Vg 0 Y%
Anode current Iy 11.8 mA
Mutual conductance S 3.1 mA/V
Amplification factor U 19.5
Internal resistance Rj 6.25 kQ2

2 December 1968



E82CC

CHARACTERISTICS (continued)

Leakage current between

II

cathode and heater It

max.

HA

Insulation resistance:

Between grid and other
electrodes Rins

Voltage between electrodes = 100 V

Between anode and other
electrodes Rins

Voltage between electrodes = 300 V

min.

min.

500

500

=

5

Vibrational noise output (20to5000Hz)  V,

Anode voltage V4 = 250 V

Grid voltage -V, =8.5V

g
Anode resistor Ry = 2 k2
Vibration frequency = 40 Hz

Acceleration = 10 g
Units in parallel

CAPACITANCES
Anode to cathode and heater Ca/xf

Ca'/x's
Grid to cathode and heater Cg/kf
Anode to grid Cag

SHOCK AND VIBRATION RESISTANCE

o

W

W

max.

100

mVRMS

pF
pF
pF

pF

The following test conditions are applied to assess the mechanical quality of the
tube. These conditionsare not intended to be used asnormal 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




E82CC

LIFE

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

during 10 000 hours.

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va() max.
Va max.

Anode dissipation W, max.
Grid voltage Vg max.
+Vg‘ max.

Grid current Ig‘ max.
Grid resistor: fixed bias Rg max.
automatic bias Rg max.

Cathode current Ig max.
Voltage between cathode and heater ' Vkf max.
Bulb temperature thulb max.

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

600
330

-

[l
n

mA
MQ
MQ

mA

()C

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.

4 September 1974



6681 MAINTENANCE TYPE -— 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 10000 hours
Low interface resistance
Low microphony level
Mechanical quality Shock and vibration resistant
Base Noval
Heating Indirect

A.C. or D.C.; parallel supply
Heater voltage Vi 6.3V orl12.6 V
Heater current Ig 300 mA or 150 mA
Anode current Iy 1.25 mA
Mutual conductance S 1.6 mA/V
Amplification factor U 100
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

Ty

max 49.2
max55.6

-

-

3
o
3
o)
S
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E83CC

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

] 11 111

Heater voltage pin 9 and 4 + 5 Ve 63 \%
Heater current If 300 | 285= 315 mA
Heater voltage pin 4 and 5 Vg 12.6 Vv
Heater current lg 150 mA
Anode voltage Va 250 \
Cathode resistor Ry 1.6 k2
Anode current Ly 1L.25 l1.1- 1.4| min. 0.8 [ mA
Mutual conductance S 1.6 | 1.3-1.95| min. 1.05 | mA/V
Amplification factor U 100
Internal resistance Ri 62.5 k2
Negative grid current —1g max. 0.2 | max. 0.5 | A
Cut -off voltage -Vg max. 4 Vv

Anode current I, = 20 A
Anode voltage Va 100 v
Anode current Ip 0.5 mA
Cathode resistor Ry 2 k2
Mutual conductance S 195 mA/V
Amplification factor u 100
Internal resistance R 80 k2
Leakage current between
cathode and heater ka max. 3 A

Voltage between cathode
and heater Vi = 100 V

N

December 1968



ES83CC

CHARACTERISTICS (continued)

Insulation resistance: I N
Between grid and other electrodes Rins max. 300 [MQ
Voltage between electrodes = 100 V
Between anode and other electrodes Rins max. 300 |MQ
Voltage between electrodes = 300 V
Vibrational noise output (20 to 5000 Hz) Vi max. 10 [mVRMS
Anode supply voltage Vp, = 250 V
Anode resistor Ry = 5 k2
Grid voltage —\'g = AW
Vibration frequency = 25 Hz
Acceleration = 2408
Units in parallel
CAPACITANCES
Grid to cathode and heater Cg/xf 1.6 pF
Anode to cathode and heater Ca/kt 0.46 pF
Ca'/K't 0.34 pF
Anode to grid Cag 1.7 pF
Grid to heater Cgf max. 0.15 | pF
Anode to anode other system Caa max. 0.6 |pF
Grid to grid other system ng' max. 10 | mpF
Anode to grid other system Cag max. 60 | mpF
Cga‘ max. 60 | mpF
LIMITING VALUES (Absolute max. rating system) (Each unit)
Anode voltage Va, max. 600 V
¥, max. 330 V
Anode dissipation Wa max. 1.2 W
Grid voltage —Vg max, 955 V
+Vg max. 0.5 V
Cathode current Ik max. 9 mA

December 1968
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E83CC

LIMITING VALUES (continued)

Grid resistor: fixed bias Rg max. 1.2 MQ
automatic bias Rg max. 2.2 MQ
grid current bias Rg max. 25 MQ2

Voltage between cathode and heater Vit max. 200 V

Resistance in cathode heater circuit

in case of phase inverter circuit Ryt max. 135 Kk

Bulb temperature thulb max. 170 °C

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

A.F. amplifier - circuit fig.1

Anode supply voltage Vba 200 250 300 350 400 V

Anode resistor Ry 47 47 47 47 47 k@

Cathode resistor Ry 1500 1200 1000 820 680 €

Grid resistor next stage Rg' 150 150 150 150 150 Kk

Anode current i 0.86 1.18 1.35 1.98 2.45 mA

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

Voltage gain Vo/V; 34.0 37.5 40.0 42.5 44.0

Total distortion dtot 8.5 7.0 5.0 4.4 3.6
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E83CC

OPERATING CHARACTERISTICS (continued)

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

Anode supply voltage Vipa 200 250 300 350 400 V

Anode resistor Ry 100 100 100 100 100 Kk

Cathode resistor Ry 1800 1500 1200 1000 820

Grid resistor next stage Rg 330 330 330 330 330 k@

Anode current I 0.65 0.86 1.11 1.40 1.72 mA

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

Voltage gain Vo/V; 50 54.5 57.0 61.0 63.0

Total distortion diot 4.8 3.9 3.7 2.2 1.7 %

Anode supply voltage Vpa 200 250 300 350 400 V

Anode resistor R, 220 220 220 220 220 k92

Cathode resistor Ry 3300 2700 2200 1500 1200 @

Grid resistor next stage Rg' 680 680 680 680 680 k2

Anode current L, 0.36 0.48 0.63 0.85 1.02 mA

Output voltage Vo 24 28 36 37 38 VRMS
(Grid current = 0.3 pA)

Voltage gain Vo/Vy 56: 66.5 72.0 75.5 76.5

Total distortion deot 4.6 3.4 2.6 1.6 1.1 9%

A.F. amplifier - circuit fig.2.

Anode supply voltage Via 200 250 300 350 400 V

Anode resistor R, 47 47 47 47 47 k2

Grid resistor next stage Rg' 150 150 150 150 150 Kk

Anode current L. 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 +1 45

Total distortion deot 5.6 4.2 2.9 2:7 245 %
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E83CC

OPERATING CHARACTERISTICS (continued)

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

Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor R, 100 100 100 100 100 Kk
Grid resistor next stage Rg' 330 330 330 330 330 k2
Anode current 1, 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 Aot 3.9 9.6 2.0 1.8 18 %
Anode voltage Vba 200 250 300 350 400 V
Anode resistor R, 220 220 220 220 220 k€2
Grid resistor next stage Rg' 680 680 680 680 680 Kk
Anode current I 0.39 0.56 0.75 0.88 1.09 mA
Output voltage Vo 24 28 36 37 38 V
Voltage gain Vo/V;j 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 Vpa 100 150 200 250 300 350 400 V
Anode resistor R, 47 47 47 47 47 47 47 kQ
Grid resistor next stage Rg' 150 150 150 150 150 150 150 k2
Anode current I 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 Vg = 2 VRMS drot 1.7 2.5 2.4 2.8 2.2 2.2 2.0 ¢

at Vg =4 VRMS deot 2.1 4.6 4.7 4.6 4.5 4.2 4.2 ¢

at Vy = 6 VRMS deot 6.0 5.2 .56 5.6 5.5 5D b4 §

6 H . December 1968



E83CC

OPERATING CHARACTERISTICS (continued)

A.F. amplifier - circuit fig.3. (continued)
Anode supply voltage Via 100 150 200 250 300 350 400 V
Anode resistor Ry 100 100 100 100 100 100 100 k2
Grid resistor next stage Rgv 330 330 330 330 330 330 330 k2
Anode current I, 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 Vg = 2 VRMS deot ls6 19 1.9 l.8 1.8 L.8 L.7 %
at Vo = 4 VRS deor 2.3 3.0 3.8 3.8 3.6 3.6 3.5 %
at Vo = 6 VRMS deor 2.6 4.7 5.1 5.1 5.0 4.9 4.8 %
Anode supply voltage Vha 100 150 200 250 300 350 400 Vv
Anode resistor Ry 220 220 220 220 220 220 220 k@
Grid resistor next stage Rgr 680 680 680 680 680 680 680 k2
Anode current L 0.14 0.32 0.49 0.67 0.85 1.05 1.23 mA
Voltage gain Vo/Vi 42 5l 34 57 38 59 60
Total distortion:
at Vo = 2 VRMS drot 1.6 L.7 1.7/ 1.6 1.6 1.6 1.6 %
at Vo = 4 VRS deot 2.5 3.0 3.0 2.9 2.9 2.8 2.7 %
at V, = 6 VRMpMs deot 3.2 4.4 4.4 4.4 4.4 4.3 4.2 G
Phase inverter - circuit fig.4
“Supply voltage Vi 250 350 A%
Anode voltage Vg4 65 90 A
Anode resistor Ra, Ry 100 150 k2
Cathode resistor Ry 68 82 kQ
Anode current Lty 1.0 1.2 mA
Voltage gain \"O/Vi _%1 ’37_
Output voltage Vs 7 20 10 35 VRMS
(Grid current = 0.3 pA)
Total distortion deor 0.6 1.8 0.5 1.8 %

V, should be adjusted to the specified value for Io+I,t
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E83CC

OPERATING CHARACTERISTICS (continued)

Phase inverter - circuit fig.5.

Supply voltage
Cathode resistor
Anode current
Voltage gain

Output voltage

(Grid current = 0.3 pA)

Total distortion

{

1000

AAMAAN

VYWY

IC307yF

v |10MQ

1000

033MO Q0WF

Vi

v

10ML)

72046412

Fig. 1

Fig. 2

Fig. 3
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(6689 MAINTENANCE TYPE - E83F

S.Q. TUBE

Special quality pentode designed for use in telephone equipment .

QUICK REFERENCE DATA

Life expectancy
Low interface resistance
Base

Heating

Heater voltage
Heater current
Anode current

Mutual conductance

10000 hours

Noval. Gold plated pins

Indirect
A JC... o D,
Series or parallel supply

Vi 6.3 V
If 0.3 A

A 10 mA
S 9 mA/V

DIMENSIONS AND CONNECTIONS

Base: Noval

Dimensions in mm

{
e
— >

max60.3

max66.7

v

-

Y
7204009
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E83F

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 111

Heater voltage Vg 6.3 A%
Heater current If 300 | 285 - 315 mA
Anode voltage Va 210 ' Vv
Grid No.3 voltage Vg3 0 vV
Grid No.2 voltage ng 120 \%
Cathode resistor Ry 165 Q
Anode current Iy 1018.7-11.3 7 | mA
Grid No.2 current Ig2 2.1 1L.%~ 2.5 1.25 | mA
Mutual conductance 5 9]17.8-10.2 6.4 | mA/V
Internal resistance Rj 0.5 | min. 0.3 MQ
Amplification factor

grid No.2 to grid No.l Hgog 38
Equivalent noise resistance

(R.F.) Req 750 | max.1000 Q
Equivalent noise resistance
(A.F.) Req max. 36 k2

Negative grid No.l current —Igl max. 0.5 [max.1.0 [ uA
Hum voltage Vgi max. 0.5 mVRMS

Grid resistor Rgl =0.5 MQ2

Cathode resistor by passed
Cut off voltage —Vg1 S | max.5.25 A%
Anode voltage Va 210 A%
Grid No.3 voltage Vg3 0 v
Grid No.2 voltage ng 120 A%
Anode current I 0.5 mA
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E83F

CHARACTERISTICS (continued)

I 11 111
Leakage current between
cathode and heater If max. 15 HA
Voltage between heater
and cathode Vig = 100 V
Insulation resistance between
lwo arbitrary electrodes R min. 100 MQ

Voltage between electrodes V = 250 V

CAPACITANCES

Radiation capacitances measured to a surrounding cylinder,

52 mm, height 98 mm.

Grid No.1 to grid No.2,
cathode. heater and screen

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

cathode, heater and screen
Cathode current = 12.1 mA

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

cathode, heater and screen
Anode to grid No.1

Grid No.l to heater

Cathode to heater

Grid No.l radiation capacitance

Anode radiation capacitance

LIFE EXPECTANCY

grid No.:

internal diameter

1 11
Cgl/glg.iklg 8 8.7 | pF
Cu/\y )g,gkfg 3.5 | max. 4.1 | pF
qul max. 15| mpF
C‘s"lf max..0.15 | pF
Ckf 4 pF
le max .25 mpF
Cra max.25 mpF

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

Grid No.3 voltage

Grid No.2 voltage

Cathode resistor

Vi 210V
Ve, 0 Vv
Vg, 120V
Ry 165 Q
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E83F

LIMITING VALUES (Design centre rating system)

Anode voltage Vao max. 530 V
v, max. 210~V
Anode dissipation W, max. 2.1 W
Grid No.2 voltage \‘gzo max. 550 V
\’3-,) max. 210 V

Grid No.2 dissipation W ,._,) max. 0.35 W
Grid No.l voltage —\’;]— max. 100V
Grid No.1 voltage, peak _Vglp max. 200V

Duty factor max. 0.1

Pulse duration max. 200 us
Grid No.1 dissipation ng max. 50 mW
Grid No.1 resistor (automatic bias) Rgl max. 1 M
Cathode current Iy max. 16 mA
Cathode current peak value Ikp max. 80 mA

Duty factor max: 0.1

Pulse duration max. 200 us
Voltage between heater and cathode Vi max. 100V
Bulb temperature (absolute maximum) thuils max. 170 ©C
OPERATING CHARACTERISTICS
Output tube. Class A
Anode voltage Va 120 210 A%
Grid No.3 voltage Vg,3 0 0 Vv
Grid No.2 supply voltage \"bg2 120 120 Vv
Grid Ne¢.2 resistor RJ-) 5.6 5.6 k2
Cathode resistor Rk_ 180 180 Q
Anode current L 8.3 8.3 mA
Grid No.2 current Ig,) f7 1 mA
Mutual conductance S 842 82 mA/V
Internal resistance R; 0.42 0.44 MQ
Load resistance Ry 10 20 k2

. S

Input voltage Vi 0.35 1.1 = 0.25 1.4 = VRMS
Grid No.l current +Ig] — - 0.3 - - 0.3 A
Grid No.l resistor Rgl - - 0.33 - - 0.33 M@
Total distortion diot - 10 - - 10 - %
Output power Wo 50 340 400 50 660 870 mwW
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7320 MAINTENANCE TYPE

- E84L

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 V¢ 6.3 V
Heater current If 760 mA
Anode current Iy 48 mA
Mutual conductance S 11.3 mA/V
Output power, one tube Wo 6 W
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max71.4
max 778

f 720039 7204395
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E84L

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 111

Heater voltage Ve 6.3 AY
Heater current Ig 760 | 720-- 800 mA
Anode voltage Va 250 A%
Grid No.2 voltage ng 250 Vv
Cathode resistor Rk 135 Q
Anode current Iy 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 Mgogy 19
Internal resistance Ry 40 k2
Negative grid current —Igl max. 0.5|max.1.0|uA
As triode
Anode voltage Va 250 Vv
Cathode resistor Rk 270 Q
Anode current Ia 34 mA
Mutual conductance S 10,2 mA/V
Amplification factor M 18.5
Internal resistance R 1.8 k2
Leakage current between
cathode and heater Ik max. 12.5 HA

Voltage between cathode

and heater Vg = 100 V
Insulation resistance between
electrodes R min. 100 M¢S2

Voltage between electrodes =
300 vV
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E84L

CAPACITANCES
I II

Anode to grid No.?, grid No.3

cathode and heater Ca/g,)g3k_f 6.0 | 5.2 - 6.8 |pF
Grid No.1 to grid No.2, grid No.3

cathode and heater Cgl/gQgskf 10 9 - 11 |pF
Anode to grid No.1 Cagl max. 0.5 |pF
Grid No. 1 to heater Cglf max. 0.25 | 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.

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 Wy max. 13.5 W
Grid No.2 voltage ngo max. 600 V
ng max. 450 V

Grid No. 2 dissipation
Continuously w

Peak value in case of exitation
by speech and music Wg2p max. 4.4 W
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E84L

LIMITING VALUES (continued)

Grid No. 1 dissipation ng max. 0.5 W
Grid No.1 voltage —\'gl max. 100 WV
Cathode current Ik max. 75 mA
Grid resistor

Fixed bias R-gl max. 0.5 M@

Automatic bias Rgl max. 1.0 M@
Voltage between cathode and heater Vit max. 100 1\
Bulb temperature thulb max. 295 9¢
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 (one tube) 2)3)

Anode voltage
Grid No.2 voltage
Cathode resistor

Load resistance

Input voltage
Anode current
Grid No.2 current
Output power
Total distortion
Second harmonic

Third harmonic

Va

wn

48

ut

0

250 s
230 v
135 Q
4.5 k2
0.3 3.5 4.4 4.8hHvpys
50.5 30.5 mA
10.0 11.0 mA
0.05 4.5 5.7 6.0 W
7.5 10 G
5.7 5.0
4.5 5.0
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E84L

OPERATING CHARACTERISTICS (continued)
Output tube class A (one tube) 2)3)

Anode voltage Va 250 \Y%
Grid No.2 voltage \"g,) 2350 \
Cathode resistance Rk_ 135 §2
Load resistance Ra ~ 3.2 k2
Input voltage Vi 0 0.3 3.4 4.3 4. 71)\’YRMS
Anode current Iy 48 49.5 49.2 mA
Grid No. 2 current Ig‘) 5.5 10.8 11.6 mA
Output power W; 0 0.05 4.5 5.7 6.0 W
Total distortion diot 6.8 10

Second harmonic d» 3.0 2.0 %
Third harmonic d3 .8 9.5

Anode voltage Va 250 Vv
Grid No.2 voltage \’g_) 250 \Y
Cathode resistance Rk_ 210 Q
Load resistance Ry~ 7.0 k2
Input voltage Vi 0 0.3 3.5 5.5)v RMS
Anode current Iy 36 36.8 36 mA
Grid No.2 current Ig,) 4.1 8.5 14.6 mA
Output power W:) 0 0.05 4.2 5.6 W
Total distortion diot 10
Second harmonic dy 1.7 %
Third harmonic d3 8.7 %
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E84L

OPERATING CHARACTERISTICS (continued)
Output tube class A (one tube) 2)

Anode voltage Va 250 \Y
Grid No.2 voltage ng 210 \Y
Cathode resistor R 160 Q
Load resistance Ry 7.0 k2
Input voltage Vi 0 0.3 3.4  3.8) Vrums
Anode current la 36 36.6 36.5 mA
Grid No.2 current Ig,) 3.9 7 8.0 mA
Output power W; 0 0.05 4.3 4.7 W
Total distortion diot 10

Second harmonic d2 1.8

Third harmonic ds 9.3 A

Output tube class AB (two tubes) 2)

Anode voltage Va 250 300 Vv
Grid No. 2 voltage '\"g2 250 300 Vv
Cathode resistor Ry 130 130 Q
Load resistance Raa~ 8 8 k2
Input voltage Vi 6—— 8 _U——H>-'3)\*RMS
Anode current Ia 2x31 2x37.5 2x36  2x46 mA
Grid No.2 current Ig2 2x3.5 2%x7.5 2x4  2xl1 mA
Output power Wo 0 11 0 17 W
Total distortion diot 3 4 %
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E84L

OPERATING CHARACTERISTICS (continued)
Output tube class B (two tubes)

Anode voltage Vs 250 300 \Y%
Grid No. 2 voltage Vg9 250 300 A%
Grid No.1 voltage —Vg; 11:6 14.7 v
Load resistance Raa ~ 8 8 k(2
Input voltage Vi 0 8 0 103)VRMS
Anode current Iy 2x10 2x37.5 2x7 .9 2x46 mA
Grid No.2 current Ig2 2x1.1 2X7.9 2x0.8 2x11 mA
Output power Wo 0 11 0 17 W
Total distortion diot 3 4 9
As triode
Output tube class A (one tube)
Anode voltage Va 250 AY
Cathode resistor Ry 270 Q
Load resistance Ra . 3.5 k2
——
Input voltage Vi 0 1.0 6.7 VRMS
Anode current Iy 34 36 mA
Output power Wo 0 0.05 1:95
Total distortion deot 9.0 %
Output tube class AB (2 tubes)
Anode voltage Va 250 300 \Y
Cathode resistor Ry 270 270 Q
Load resistance Raa 10 10 k2
Input voltage Vi 0 0.95 8.3 0 0.9 10 VRMS
Anode current I, 2x20 2x21.7 2x24 2x26 mA
Output power Wo 0 0.05 3.4 0 . 0.05 5.2 W
Total distortion deot 2.5 2.5 %
]-_)—GI‘TNO. 1 current Iy, = 0.3 A
2) Measured with fixecgtlnas 3) With speech and music signal
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MAINTENANCE TYPE - E86C

S.Q. TUBE

Special quality U.H.F. triode designed for use as oscillator, amplifier and sell -

oscillating mixer (max. frequency 800 MHz).

QUICK REFERENCE DATA

Life

Low interface resistance
Mechanical quality

Base

Heating

Heater voltage
Heater current
Anode current

Mutual conductance

10000 hours

Shock and vibration resistant
Noval. Gold plated pins.

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

\"f 6.3 V

I¢ 165 mA

Ly 12 mA

S 14 mA/V

DIMENSIONS AND CONNECTIONS

Base: Noval

f 7204465

Dimensions in mm

max 22
-
AN
3@
J5
x O]
o X
E o]
IS
v
Y
203450
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E86C

CHARACTERISTICS

Column I  Nominal value or setting of the tube
II Range values for cquipment design:

III Range values for equipment design:

Initial spread
End of life

I 11 111
Heater voltage Vi 6.3 Vv
Heater current Iy 165 155 - 175 mA
Anode supply voltage Vpa 185 Vv
Grid supply voltage +ng 8 \Y
Cathode resistor Ry 800 Q2
Anode current L 12 [11.2-12.8 | min. 10.5 | mA
Mutual conductance S 14 11.5- 17 | min. 9.5 | mA/V
Amplification factor H 68
Negative grid current 'Ig max. 0.3 [max. 1.0 |uA
Cut -off voltage v\': max. 8 A%
Anode current I; = 0.1 mA
Equivalent noise resistance R(‘(] 250 @
Input resistance Ty 2 k2
Frequency = 100 MHz
Phase angle of slope (Ps -7 o
Frequency = 100 MHz
Leakage current between
cathode and heater Ikt max. 10 HA
Voltage between cathode
and heater Vif = 100 V
Insulation resistance between
anode and other electrodes Rins min. 100 MS2
Voltage between anode and
other electrode = 300 V
Insulation resistance between
grid and other electrode Rinsg min. 100 MQ
Voltage between grid and
other clectrode = 100V
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CAPACITANCES I 1

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/gt 6.6 5.5- 7.7 | pF
Anode to grid and heater Ca/gf 2.1 | 1.75-2.45 | pF
Grid to cathode and heater Cg/kf 3.9 3.3~ 4.5 | pF
Anode to cathode and heater Ca/kf 0.3 10.25-0.35 | pF
Grid to cathode Cgk 5.6 pF

Anode current Iy = 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 3.6- 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 arenot intendedto 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.

Heater voltage: The average heater voltage should be 6.3 V. Variations of the
heater voltage exceeding the range of 6.0V to 6.6V 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 \.ao max. 440 V
¥a max. 250 V
Anode dissipation Wy max. 2.4 W
Grid voltage —Vg max. 50 V
Grid dissipation Wg max. 20 mW
Grid resistor Rg max. 1.2 MQ
Cathode current Ik max. 20 mA
Voltage between cathode and heater Vit max. 100 V
Bulb temperature ) tbulb max. 165 ©C
Frequency (as amplifier) f up to 8§00 MHz

OPERATING CHARACTERISTICS

As R.F. amplifier, grounded grid

Anode supply voltage Vha 185 175 V
Grid supply voltage Vbg 8 0 3
Cathode resistor Rk 800 125 '@
Anode current Iy 12 12 mA
Mutual conductance S 14 14 mA/V
As mixer

Anode supply voltage Vba 220 Vv
Anode resistor R, 5.6 k<2
Grid resistor R, 47 k2
Anode current Iy 112 mA
Grid current Iy 50 A
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8255 MAINTENANCE TYPE S 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

10000 hours

Shock and vibration resistant

Base Noval. Gold plated pins
Heating Indirect
A.C. or D.C.; parallel supply
Heater voltage Vg 6.3 V
Heater current I¢ 165 mA
Anode current Iy 12.5 mA
Mutual conductance S 13.5 mA/V
Noise figure at 850 MHz F 9.6 dB
Equivalent noise resistance Req 240 @
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval
max 22

Y

7203450
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E88C

CHARACTERISTICS

Column I Nominal value

II Range values for equipment design: Initial spread

I 1I

Heater voltage V¢ 6.3 \Y
Heater current I 165 157-173 | mA
Anode voltage Va 160 \Y
Grid voltage -Vg 1.25 v
Anode current Iy 12.5 mA
Mutual conductance S 13.5 mA/V
Amplification factor u 70
Internal resistance Rj 5.2 kQ
Equivalent noise resistance Req 240 Q
Noise figure B 9.6

Frequency 850 MHz

Bandwidth 15 MHz
Anode supply voltage Vba 170 v
Cathode resistor Rk 820 Q
Grid supply voltage +ng 9 v
Anode current Ia 12.5 mA
Mutual conductance S 13.5 | 10.5-16.5 | mA/V
Anode supply voltage Vba 161 v
Cathode resistor Ry 100 Q
Grid supply voltage ng 0 v
Anode current Ia 12.5 9.5-16.1 | mA
Mutual conductance S 13.5 mA/V
Grid current, negative —Ig max. L A
Leakage current between
cathode and heater Ikt max. 15 puA

Voltage between cathode
and heater Vif = 125 V

no

January 1972



E88C

CHARACTERISTICS (continued) | 1 |

Input series resonance frequency l) finp 1700 | MHz
Output series resonance frequency 1) foutp 1000 | MHz
CAPACITANCES With screen | Without screen

I I I I

Anode to cathode and heater Ca/kt 30| 35- 65 mpF
Grid to cathode and heater Cg/kf |[3.8]3.2-4.4 pF
Anode to grid Cag 1.7 | 1.,4=2.0 | 1.1 |0.9~=1.3 | 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 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 10000 hours under the following condi-
tions:

Anode supply voltage Vba 170V
Grid supply voltage +Vbg 9 Vv
Cathode resistor Rk 820 @

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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E88C

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va, 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 M@

Cathode resistor Rg = 100 €2

Voltage between cathode and heater

Cathode positive Vif(kH max. 125 V
Cathode negative Vkf(k-) max. 60 V
Bulb temperature thulb 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.

OPERATING CHARACTERISTICS

Driver or output tube (circuit fig.1)

Frequency f 800 MHz
Bandwidth 8 MHz
Anode supply voltage Vba 200 v

Anode resistor Ra 1D k2
Cathode resistor Rk 150 Q

Input voltage Vi OPG.US_T._;S VRMS
Anode current iy 11.4 12.8 mA
Output voltage Vo 0 2.0 6.0 VRMS D)
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 2.
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6922 MAINTENANCE TYPE p_— E88CC

S.Q. TUBE

Special quality double triode designed for
Cascode circuits
H.F. or 1.F. amplifiers
Mixer or phase inverter stages
Multivibrator and cathode follower in computers

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.C.; parallel supply

Heater voltage Vi 6.3 V

Heater current I¢ 300 mA

Anode current Iy 15 mA

Mutual conductance S 12.5 mA/V

Equivalent noise resistance Req 300 @

Noise factor (f = 200 MHz) F 4.6 dB
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval

nax 22.»2

. max49.2
' max56.3

7204036

=
g
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E88CC

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 111
Heater voltage V¢ 6.3 AY
Heater current Ig 300 | 285 - 315 mA
Anode supply voltage Via 100 \Y
Grid supply voltage Vg 9 A%
Cathode resistor Rg 680 Q
Anode current Ly 15114.2 - 15.8| min.13.5| mA
Mutual conductance S 12.5110.5 - 15| min. 9 mA/V
Amplification factor o 33
Equivalent noise resistance Req 300 Q
Frequency = 45 MHz
Noise figure F 4.6 dB
Frequency = 200 MHz
In cascode circuit adapted
to minimum noise
Input resistance Iy 3 k@
Frequency = 100 MHz
Start of grid current A% 0.75 VRMS
Negative grid current —Ig max. 0.1 | max. 1| uA
Anode voltage Va 90 \%
Anode current I 15 mA
Anode supply voltage Vba 90 \Y%
Cathode resistor Ry 120 Q
Anode current Iy 12 mA
Mutual conductance S 11:5 mA/V

December 1968



E88CC

CHARACTERISTICS (continued) I 1T III
Cut-off voltage ) Vg 6.5|5 ~ 8.5 A%
Anode voltage Va 150 v
Anode current I3 0.1 mA
Difference in grid voltage
of two sections | Vg—Vg' max. 2 |max. 2|V
Anode voltage Va =Va' | 150 A%
Anode current Ip =15 0.1 mA
Anode supply voltage Vba 150 v
Negative grid voltage —Vg 15 v
Anode current Iy max. 5 HA
In circuit fig.1 "pag.7"
Anode supply voltage Vpa 150 v
Anode current (not permitted
continuously) Ia 33128 - 38 mA
Anode supply voltage Vba 60 v
Anode current Iy max. 9 mA
Leakage current between
cathode and heater Iyt max. 6 |max.12| uA
Voltage between cathode and
heater = 90 V, cath.neg.
Voltage between cathode and
heater = 120 V, cath.pos.
Insulation resistance between
two electrodes Ring min.100 [min. 20 | MR
Voltage between electrodes
=200V
Hum voltage Vg max. 50 UV RMS

Centre heater transformer
earthed

Grid resistor Rg =0.5 MQ2

December 1968




E88CC

CAPACITANCES Both sections if applicable

Anode to cathode, heater and screen

Anode to cathode and heater

Grid to cathode, heater and screen
Grid to cathode and heater

Anode to grid

Anode to cathode

Cathode to heater

Anode to screen

Anode to grid, heater and screen

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

I II
Ca/kfs 1,75} 188 = 1.95| pF
Ca'/k'fs 1.65]1.45-1.85| pF
Ca/kf 0.5 0.4 - 0.6|pF
Cav/k's 0.4] 0.3 - 0.5{pF
Cg/k_fs 3.3 2.7 = 3.9 pF
Cg/kf 3.3| 2.7 - 3.9| pF
Cag 1.4 1.2 - 1.6|pF
Cak 0.1810.14 - 0.22| pF
Cks 2.6 pF
Ckrf 257 pF
B 1.3| 1.1- 1.5|pF
Ca/gts 3.0] 2.7 - 3.3|pF
Ca'/g'ts 2491 2.6~ 8.2| pF
Ck/gfs 6.0 5.1 - 6.9|pF
Caa’ max. 0.045| pF
ng' max. 0.005| pF
Cag"ca'g max. 0.005| pF
Cgk':cg'k max. 0.005| 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.

December 1968



E88CC

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 Vpba 100 VvV
Grid supply voltage +ng 9 Vv e
Cathode resistor Ry 680 @ S—
Grid resistor Rg 47 kQ
Voltage between cathode and heater (cath.neg.) Vit 60 Vv
Anode current Ly 15 mA
LIMITING VALUES Design centre rating system
Anode voltage Vao max. 530 V
Anode voltage Va max. 400 V
(Zero cathode current)
Anode voltage Va max. 220 V
Anode voltage Va max. 2350 V
(Max. anode dissipation 0.8 W)
Anode dissipation W, max. 1.5 W
Anode dissipation Wy 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 -Vg max 200 VvV
Max. pulse duration 200 usec =P
Max. duty factor 0.1
Cathode current Ik max. 20 mA
Cathode peak current Ikp max. 100 mA
Max. pulse duration 200 usec
Max. duty factor 0.1
December 1968 H H 5



E88CC

LIMITING VALUES (continued)

Voltage between cathode and heater

Cathode positive Vs max. 150 V
Cathode negative Vit max. 100 V
Bulb temperature (Absolute max.) thulb max. 170 ©°C
Grid resistor Ry max. 1 M@

(Anode current < 5 mA)

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.

OPERATING CHARACTERISTICS
Output tube class A

Anode voltage Vi 220 v
Load resistance Ry~ 20 k2
Grid voltage -Vg 6.5 A%
Input voltage Vi O-Tm VRMS
Anode current Ia 6.5 9.2 mA
Output power Wo 0.05 0.5 W
Total distortion deot 7 %

Output tube class B (two tubes)

Continuous single tone input signal

Anode voltage Va 200 v
Load resistance Raa. 22 k2
Grid voltage Vg 6 v
Input voltage Vi 0 0.9 4.0 VRMS
Anode current Ia 2x5 2x9 mA
Output power W 0.05 1.2 W
Total distortion deot 3 %

6 “ ' ‘ December 1968



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 A%
Input voltage Vi 0 0.9 4.0 VgwMS
Anode current I, 2x5 2x13.5 mA
Output power Wo 0.05 1.5 W
Total distortion deot 4 %
hjiger
Anode supply voltage Vba 60 90 150 Vv
Anode resistor Ry 0 1 3.9 k@
Grid resistor Rg 1 1 1 M@
Oscillator voltage Vosc 2 2.5 3 VRMS
Anode current Iy 4.7 7.7 11 mA
Conversion conductance Sc 2.9 3.5 4.1 mA/V
Internal resistance Ry 8.3 7 6.1 k@
Vba
g lfu
-
b SFTED
Fig.1

December 1968 7
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5920 MAINTENANCE TYPE = 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
AC. o8 D.C.

Series or parallel supply
Heater voltage Vi 6.3 V

Heater current Ig 400 mA

DIMENSIONS AND CONNECTIONS Dimensions in mm

max 60.3
max 66.7

7203216

September 1974



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 11 111

Heater voltage V¢ 6.3 v
Heater current I¢ 400 ] 380 - 420 mA
Anode voltage Va 100 hY
Negative grid voltage ~Vg 2,1 AY
Anode current Ia 8.5| 4.5 - 12.5 mA
Mutual conductance S 6.0 mA/V
Amplification factor M 27
Anode voltage Va 100 Y
Cathode resistor Ry 250 Q
Mutual conductance S 6.0 4.5- 7.5| min. 3.0| mA/V
Negative grid current —Igl max. 0.2 ] max.1.0| uA
Anode supply voltage Vba 150 v
Anode resistor Ry 20 k2
Grid resistor Rg 47 kQ
Anode current Iy 5.6 5.0 - 6.2 min.4.5| mA

Grid supply voltage Vbg 0 A%
Anode current Iy max. 0.1 | max.0.1| mA

Grid supply voltage —ng 10 Vv
Difference in grid voltage

of two sections IVg-Vg'l max. 2 | max. 2|V

Anode current Ipb =1 | 0.1 \%
Leakage current
between cathode and heater Ikt max. 15 | max. 30| uA

Voltage between cathode and

heater Vit 100 Vv
Insulation between two electrodes Rijpg min. 100 { min. 20 | MQ
Voltage between electrodes v 300 A%

December 1968
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E90CC

CAPACITANCES Each system if applicable.

I I

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

Cav/x't 0.4 0.3 - 0.5]|pF
Grid to cathode and heater Cg/kf 3.4 2.9 - 3.9|pF
Anode to grid Cag 2.5 2.0 - 3.0 | pE
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 Cg.av max. 0.15| pF
Cathode to heater Cist 6.5 pF
LIFE

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

under the following conditions during 10 000 hours:

+200vV

2MQ

a

Vit

= 8 mA
= 0mA
= 100 V (k pos)

December 1968




E90CC

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va, max. 600 V
Va max. 300 V
Anode dissipation Wy max. 2.0 W
Ve & /
Grid voltage —V; l;z)\\ 108 z]
Grid peak voltage —Vgp max. 200 V
Grid current Ig max. 250 MA
Grid, peak current i Igp max. 1 mA
max. pulse duration 2.5 msec
Cathode current Ik max. 15 mA
Cathode peak current Ikp max. 75 mA
max. pulse duration 2 msec
Voltage between cathode and heater Vit max. 100 V
Grid resistor, automatic bias Rg max. 1 M@
fixed bias Rg max. 0.5 MQ
Bulb temperature thulb 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.

4 September 1974




7534 MAINTENANCE TYPE _-— 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.

QUICK REFERENCE DATA

Life test 10000 hours
Mechanical quality Shock and vibration resistant
Base Octal
Heating Indirect
A.C. or D.C.; parallel supply
Heater voltage Vi 6.3 V
Heater current I¢ 1.7 A
Anode current I, 100 mA
Mutual conductance S 27.5 mA/V
Output power, one tube Wq 11.5 W
two tubes, class AB W, 60 W
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Octal
ax3e7
9.15
~ T

max 113
max 127

K]

! £ T
‘

|max 437,

f—

7204104
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E130L

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

1 I 111

Heater voltage Vi 6.3 v
Heater current If 1.7 | 162~-1.78 A
Anode voltage Va 250 \Y
Grid No.2 voltage ng 150 v
Grid No.1 voltage —Vgl 1545 A%
Anode current L 100 mA
Grid No.2 current Ig2 4 mA
Mutual conductance S 27.5 mA/V
Amplification factor Hoog 6.5
Internal resistance Rj 10 k2
Anode supply voltage Vha 275 \Y%
Grid No.2 supply voltage ng2 180 \Y
Positive grid No.1 supply

voltage ngl 15.7 A%
Cathode resistor Rk 300 Q
Anode current i 100 85~ 115 g]e;fejgﬁ mA
Grid No.2 current Ig2 4 | max. 6 mA
Mutual conductance S 27.5122.5-32.5 (I:;\IL;JE mA/V
Negative grid No.l current —Igl max. 0.5 | max. 1 MA
Cut off voltage

Anode voltage Va 250 Vv

Grid No.2 voltage ng 150 Vv

Anode current I 1 mA

Negative grid No.l voltage -Vgl max 30 v

December 1968



E130L

CHARACTERISTICS (continued)

11 111

Insulation resistance
between one elecirode and all
other electrodes measured
‘with V = 400 V Risol min. 100 | min. 20 | MQ
CAPACITANCES Without external shield 1 11
Grid No.1 to grid No.3, grid No.2,

cathode and heater Cgl/gsg?kf 35 pF
Anode to grid No.3, grid No.2,

cathode and heater Ca/g-3g9k.f 17 pF
Anode to grid No.1 Cagl max. 2 |pF

SHOCK AND VIBRATION RESISTANCE

The following test conditions are applied to assess the mechanical quality of the
tube. These conditior.s 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 275V
Grid No.2 supply voltage ngz 180 Vv
Grid No.l supply voltage +Vb?¥1 15.7 V
Cathode resistor Ry 300 @
Grid No.l resistor Rg1 47 kQ

Voltage between cathode and heater
cathode positive Vit (k pos) 100 V

December 1968 3



E130L

LIMITING VALUES (Absolute max. rating system)
Anode voltage Vv max. 2000 V

\7

o

a 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 -V max. 2000 V

a

P
Anode dissipation Wy max. 27.5 W
Anode plus grid No.2 dissipation Waig, max. 27.5 W

(triode connection)

Grid No.2 voltage Vg max. 330 V
20
'\7g2 max. 250 V
Grid No.2 dissipation Wg? max. 5 W
Grid No.l voltage —Vgl max. 130 V
F p. S 2
+V g max. 15
Grid No. 1 dissipation wg]' max. 0.1 W
Grid No. 1 resistor with fixed bias Rgl max. 0.3 MQ
with automatic bias Rgl max. 1.0 MQ
Cathode current Ik max. 300 mA
Cathode peak current Ikp max. 1.5 A

Pulse duration max. 4 ms
Average value max. 150 mA
Cathode peak current lkp max. 4.6 A
Pulse duration max. 1.5 us
Average value max. 14 mA

Voltage between cathode and heater

Cathode positive VKf (k pos) max. 200 V
Cathode negative VKkf (k neg) max. 100 V
Bulb temperature thulb max. 225 ©C

4 December 1968



E130L

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 the heater
current (column II) should be taken into account.

OPERATING CHARACTERISTICS

Output tube class A

Anode voltage Va 250 Vv
Grid No.2 voltage Vg, 150 A%
Grid No.1 voltage —\‘gl 155 \
Load resistance Ra 2.7 k2
Input voltage Vi 3582 VRMS
Anode current Iy 100 mA
Grid No.2 current Io, 13 mA
Output power Wi 1L 8 W
Total distortion drot 10

Output tube class AB (2 tubes)

Anode voltage Va 300 A%
Grid No.2 voltage Vg, 150 \
Grid No.l voltage —Vg—L 17 Vv
Load resistance Raa _ 1 6 kQ
Input voltage Vi 0 0.24 9.0 VRMS
Anode current Iy 2x80 - 2x162 mA
Grid No.2 current Ly, 2%2.5 = 2x22 mA
Output power W {—) 0 0.05 60 W

Total distortion

December 1968
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7062 MAINTENANCE TYPE -— E180CC

S.Q. TUBE

Special quality double triode designed for use in computer circuits.

QUICK REFERENCE DATA
Life test 10000 hours

Low interface resistance

Base Noval
Heating Indirect
A.C. or D.C.; parallel supply
Heater voltage Vg 6.3 0r 12.6 V
Heater current I¢ 400 or 200 mA
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

T zeas 7204638
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E180CC

CHARACTERISTICS

ColumnI 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 I 111
Heater voltage (pin 9 and 4 and 5) Vi 6.3 A%
Heater current Ig 400 | 380 -420 mA
Heater voltage (pin 4 and 5) Vg 12.6 A%
Heater current L¢ 200 mA
Anode voltage Va 150 v
Grid voltage —Vg 1.85 v
Anode current Iz 8.5 mA
Mutual conductance 5 6.4 mA/V
Amplification factor U 46
Internal resistance R; 7+2 kQ
Anode voltage vV, 150 Vv
Cathode resistor Ry 220 Q
Anode current I, 8.5 6.3-10.7 | min. 5.0 | mA
Mutual conductance S 6.4]15.3- 8.1 | min. 4.0 | mA/V
Negative grid current -l max. 0.2 | max.1.0 [ pA
Cut off voltage —Vg i) v
Anode voltage Va 150 \'4
Anode current I5 max. 150 [ max.150 [uA
Difference in grid voltage
of 2 sections !Vg—Vg'| max. 2 |max. 2|V
Anode voltage Va 150 \
Anode current Iy 0.15 mA

December 1968



E180CC

CHARACTERISTICS (continued)

I II 11
Anode voltage Vg 100 \%
Grid voltage Vg 0.8 v ]
Anode current I, 8.5 mA —E
Mutual conductance S 7.8 mA/V = A
Amplification factor u 50
Internal resistance R; 6.4 kQ
Anode voltage Va 100 A%
Grid supply voltage +ng 100 A%
Grid resistor Rg 0.5 MQ
Anode current L 17.8 1 13.6-22.0 | min.9.5 | mA
Leakage current between
cathode and heater Tt max. 15 |max. 30 | pA
Voltage between cathode
and heater Vi =200 V
Series resistor = 1 MQ
Insulation resistance between
two electrodes min. 100 |min. 20 | MQ
Voltage between electrodes
V=275V
CAPACITANCES Without external screen
Each system if applicable 1 11
Anode to cathode and heater Ca/kt 0.5 0.3~ 0.7 | pF
Anode to cathode and heater Ca'/k't 0.45 | 0.25-0.65 | pF
Grid to cathode and heater Cg/kt 3.0 3.0- 4.0 | pF
Anode to grid Cag 252l 1.8- 2.6 | pF
Anode to grid Cag 2.3 1.9= 2.7 | pF
Cathode to heater Cks 3.5 pF
Anode to anode other section Caa' max. 1.3 |[pF
Grid to grid other section ng- max. 0.06 | pF
S
December 1968 || 3




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
Grid supply voltage
Anode resistor

Grid resistor

Voltage between cathode and heater (k pos)

Vba

LIMITING VALUES (Absolute max. rating system)

Anode voltage

Anode dissipation
Grid, voltage
Grid, peak voltage
Max. pulse duration = 10 us
Max. duty factor = 0.01
Grid voltage
Grid current
Grid, peak current
Max. pulse duration = 10 us
Max. duty factor = 0.01
Cathode current
Cathode, peak current
Max. pulse duration = 10 us

Max. duty factor = 0.01

Ik

150 V
150 Vv
2.6 kO

1.5 MQ(Ig:lOO;.LA)
200 V

max. 600 V

max. 275 V

max. 2.0 W
max. 100 V
max. 200 V
max. 1V
max. 2 mA

max. 50 mA

max. 20 mA

max. 200 mA

' l December 1968



E180CC

LIMITING VALUES (continued)

Voltage between cathode and heater,

Cathode positive (k pos.) Vs max. 200 V
Cathode negative  (k neg.) Vit max. 100 V
Grid resistor with fixed bias Rg max. 0.5 MQ

with automatic bias Rg max. 1.0 MQ
Bulb temperature thulp ~ 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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E180CC
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6688 MAINTENANCE TYPE -— E180F

S.Q. 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 V¢ 6.3 V

Heater current Ig 300 mA

Anode current Ia 13 mA

Mutual conductance S 16.5 mA/V

Equivalent noise resistance Req 330 @

Hum voltage _ Vg max. 100 pVv
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

£ 7200168 — e
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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. 1

Internal resistance

Equivalent noise resistance

Negative grid No.l current

Equivalent grid hum voltage

Grid resistor Rgl =0.5 M2

Centre tap of heater trans-

former grounded

Distortion

Load resistor Rg = 1 k2

Input voltage V; = 100 mVRMS

Cathode heating time

1 I 111
Vi 6.3 \r"‘
Ij- 300 285- 315 mA
Vha 190 A%
Vg3 0 A%
Vhg, | 160 %
ngl 9 v
Ry 630 Q
I, 13 12.2-13.8 | min.11.5 | mA

: 5 & &
Ig2 3.8 2.9- 3.7 mA
S 16.5| 14.2-18.8 | min. 1l | mA/V
Hgogy a0
Rj 90 | min. 45 | <%
Req 330 | max. 650 Q
—Igl max. 0.>] max, 1.0 | uA

v\]gl aX. lUO }J\’TR MS
dy 1.6

12 [ max. 18 sec
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E180F

CHARACTERISTICS (continued)

I 11
Anode supply voltage Vha 180 Vv
Grid No.3 voltage Ves 0 v
Grid No.2 supply voltage ngr) 150 v e
Cathode resistor Ry 100 Q ——
Anode current I 115 mA
Grid No.2 current I o 2.9 mA
Mutual conductance S 15.5 mA/V
Cut -off voltage —Vgl max.4.5 | V
Anode voltage ¥V, 180 \
Grid No.2 voltage ng 150 \
Grid No.3 voltage Vg‘3 0 v
Anode current I 0.8 mA
Start of grid No.l current —V%’l max.0.5| V
Grid No.l current I,’,-1 =0.3 A
Input resistance rg, 2000 Q
Frequency = 100 MHz
Phase angle of the slope 9 e
Frequency = 50 MHz
Pin 1 connected to pin 3
Leakage current between
cathode and heater 1% max. 15| A
Voltage between cathode
and heater Viy =60 V
Insulation resistance between
two electrodes min. 20 | MQ
December 1968 3




E180F

CHARACTERISTICS AS TRIODE

(go connected to anode) I 11
Anode supply voltage Vha 160 \
Grid No.3 voltage VgS 0 A%
Grid No.l voltage ‘L\"bgl g Vv
Cathode resistor Ry 620 Q
Anode current Ly 16.5 mA
Mutual conductance S 21 mA/V
Amplification factor o 50
Internal resistance Rj 2.4 kQ
Equivalent noise resistance Req 225 Q
CAPACITANCES . With external shield
Anode to grid No.3, grid No.2,

cathode and heater Ca/g;;ggkf 312.5-3.5|pF1)
Grid No.1 to grid No.3, grid No.2,

cathode and heater

(Iy =0 mA) Cg/g3gkf 7.5 6.6-8.4|pFl)
(Ix = 16.3 mA, f = 100 MHz) : Cgy/g3gokl | 111 pF 1)

Anode to grid No.l Cagl 0.018 | max.0.03 | pF
Anode to cathode Cak max. 0.1 | pF
Grid No.!l to heater Cg“_ 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-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.

) Pin No.6 left floating
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E180F

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 Vha 190 V
Grid No.3 voltage Vgii 0 Vv
Grid No.2 supply voltage Vbg, 160V
Grid No.l supply voltage + ngI 9 V
Cathode resistor Ry 630 @

LIMITING VALUES (Absolute max. rating system)

Anode voltage VJO max. 400 V

Vs max. 210 V

Anode dissipation W, max. 3 W

Grid No.2 voltage VgZO max. 400V

Vg'; max. 175 WV

Grid No. 2 dissipation Wgz max. 0.9 W
Cathode current Ik max. 25 mA

Grid No.1 voltage +Vgl max. 0V

—Vgl max. 50 V

Grid No.l peak voltage -\’glp max. 100V
Grid resistor, fixed bias Rgl max. 0.25 MQ
automatic bias Rgl max. 0.5 MQ

Voltage between cathode and heater Vkf max. 60 V
Bulb temperature thulb . max. 155 ©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.

December 1968 5
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7119

MAINTENANCE TYPE

- E182CC

S.Q. TUBE

Special quality double triode designed for use in computer circuits.

QUICK REFERENCE DATA

Life test

Base

Heating

Heater voltage
Heater current

Anode current

Low interface resistance

Mutual conductance

10000 hours

Noval

Indirect

A.C. or D.C.; Parallel supply
Vi 6.30or12.6 V

Ig 640 or 320 mA
Ia 36 mA

S 15 mA/V

DIMENSIONS AND CONNECTIONS

Base: Noval

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
ITI Range values for equipment design: End of life

I 11 111

Heater voltage (pin 8 and 4+ 5) Vi 6.3 \%
Heater current L 640 | 605- 675 mA
Heater voltage (pin 4 and 5) Vs 12.6 vV
Heater current I 320 mA
Anode voltage Va 120 A%
Grid voltage —Vg 2 Y
Anode current Ia 36 26- 45 mA
Mutual conductance S 15 mA/V
Amplification factor v 24
Negative grid current —Ig max. 0.2 | max.1.0 | uA
Anode voltage Va 120 AY
Cathode resistor Ry 55 Q
Mutual conductance S 15 11.2-18.8 | min. 8 | mA/V
Anode voltage vV, 90 A%
Grid current Ig 250 MA
Anode current Ia 41- 62 | min. 24| mA
Cut -off voltage —Vg 14

Anode voltage Va 150 A%

Anode current 1 max. 0.2 mA
Leakage current between
cathode and heater Ikt max. 15 {max. 30 | pA

Voltage between cathode

and heater = 200 V
Insulation resistance between
two electrodes min. 100 | min. 20 | MQ

o
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E182CC

CAPACITANCES Each system if applicable

I I

Anode to cathode and heater Ca/kt 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 Cxf 4.0 pF
Anode to anode other section Caa"' 0.6 | max. 0.8 | pF
Grid to grid other section ng' max..0.15 | pF
Anode to grid other section Cag' 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 Ry 1.5 k@
Grid supply voltage Vpg 150 'V
Grid resistor Rg 62 kQ

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

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vig max. 600 V

Vy max. 300 V

Anode dissipation Wy max. 4.5 W

Anode dissipation (both sections) Wata' max. 8.0 W
Grid voltage -Vg max. 100

+Vg max. 1V
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E182CC

LIMITING VALUES (continued)
Grid voltage, peak +Vgp max. 30 V
‘Vgp max. 200 V
Pulse duration max. 10 us
Duty factor max. 0.01
Grid current I max. 8 mA
Grid peak current Igp max. 200 mA
Pulse duration max. 10 us
Duty factor max. 0.01
Cathode current I max. 60 mA
Cathode peak current Ikp max. 400 mA
Pulse duration max. 10 us

Duty factor max. 0.01

Voltage between cathode and heater Vs max. 200 V
d.c. componént Vit max. 120 V
Bulb temperature thulb max. 160 ©C
Grid resistor with automatic bias Rg max. 1 M@
Grid resistor with fixed bias Rg max. 0.5 M®Q

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 Vto 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 MAINTENANCE TYPE —-— 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 Vg 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 @

Hum voltage Vgl <100 uV
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

_max45
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E186F

CHARACTERISTICS

Column 1 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 11 11

Heater voltage Vg 6.3 v
Heater current I 320 | 300- 340 mA
Anode supply voltage Vba 190 Vv
Grid No.3 voltage Vg—3 0 \%
Grid No.2 supply voltage ng2 160 Vv
Grid No.1 supply voltage +ngl 9 Vv
Cathode resistor Ry 630 Q
Anode current L 13(12.2-13.8 |min.11.5 | mA
Grid No.2 current Igz 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.1 Mgog, 53
Internal resistance Rj 100 k2
Equivalent noise resistance Req 330 Q

frequency 45 MHz
Negative grid No.l current —Igl max. 0.2 | max.0.5 | uA
Anode supply voltage Vba 180 v
Grid No.3 voltage Vg3 0 A%
Grid No.2 supply voltage ng,) 150 Vv
Cathode resistor Rk 100 Q
Anode current L, 11.5 mA
Grid No.2 current ng 2.9 mA
Mutual conductance S ) 15.5 mA/V
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E186F

CHARACTERISTICS (continued) I II 111

Cut -off voltage —Vgl 4.5 \
Anode voltage Vi 180 A%
Grid No.3 voltage Vg.3 0 A%
Grid No.2 voltage \'\,.,) 150 A%
Anode current I i max.0.8 mA

Leakage current between
cathode and heater Ixf max. 10 | max.20 [ uA

Voltage between cathode and
heater Vif = 100 V

Insulation resistance between
two electrodes Rinsg min. 100 | min. 50 [ MQ

Voltage between electrodes =100V

Hum voltage M max. 100 [7AY
Grid No.l resistor Rgl =0.5 MQ

Centre tapping of heater trans-
former grounded

Cathode resistor by-passed

Vibrational noise output

With vibration frequency = 50-2000 Hz Vgl max . 500 mVpn s

With vibration frequency = 50 Hz \’g] max . 200 mVRMS
Anode supply voltage Vba =216 V

Anode resistor Ry = 2 k2

Grid No.2 supply voltage Vpg, = 160 V

Grid No.3 voltage VgS =0V )

Cathode resistor Ry = 630 @2
(not by -passed)

Grid No.l supply voltage +ngl =9V

Acceleration (peak value) = 10 g
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E186F

CAPACITANCES . With external shield
Anode to grid No.3, grid No.2 I . | i

cathode, heater and screen Ca/ggg,)kfs 3.45 pF
Grid No.1 to grid No.3, grid No.2

cathode, heater and screen Cgl/ngzka 7.6 pF
Anode to grid No.1 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 190V
Grid No.3 voltage Vg3 0V
Grid No.2 voltage Vg, 160 V
Grid No.1 supply voltage +\’bgl 9 V
Cathode resistor Rk 630

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

LIMITING VALUES (Absolute max. rating system)

Anode voltage V"lo max. 400
Va max. 210
Anode dissipation W, max. 3 W
Grid No.2 dissipation Wg2 max. 0.7 W
Grid No.2 voltage ngo max. 400 V
ng max. 175 V
Grid No.l voltage
positive +Vgl max. 0 Vv
negative —Vgl max. 50 V
negative peak _Vglp max. 100 V
Grid No.l resistor »
fixed bias Rgl max. 0.25 MQ
automatic bias Rgl max. 0.5 MQ
Cathode current Iy max. 25 mA
Voltage between cathode and heater Vit max. 60 V
Bulb temperature thulb 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 (columnII) should be taken into
account.
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7308

MAINTENANCE TYPE

-+

E188CC

S.Q. 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

Low interface resistance
Mechanical quality

Base

Heating

10 000 hours

Shock and vibration resistant

Noval. Gold plated pins

Indirect

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

Heater voltage Vi 6.3 V

Heater current I 335 mA

Anode current I 15 mA

Mutual conductance S 12.5 mA/V

Equivalent noise resistance Req 250

Noise factor (f = 200 MHz) F 4.6 dB

Hum voltage Vg max. 50 “VRM-S
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval

<max22>

max 49.2
max55.6
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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 11 111
Heater voltage Vi 6.3 Vv
Heater current I 338 318- 352 mA
Anode supply voltage Vha 100 \Y
Grid supply voltage + Vb 9 V
Cathode resistor Ry 680 Q
Anode current Iy 15 | 14.2-15.8 | min.13.5| mA
Mutual conductance S 12.5 | 10.5-14.5 | min. 9| mA/V
Amplification factor H 33
Negative grid current _Ig max. 0.1 | max. 1.0 | uA
Equivalent noise resistance Req 250 2
Frequency { = 45 MHz
Noise factor in cascode circuit,
adapted to minimum noise F 4.6. dB
Frequency f = 200 MHz
Input resistance Ty 3 k2
Frequency f = 100 MHz
Cut off voltage —Vgl 15
Anode voltage Vg 150 Vv
Anode current Ia max. 5 mA
Anode supply voltage Vba 90 v
Cathode resistor Ry 120 Q
Anode current Iy 12 mA
Mutual conductance S 11.5 mA/V
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E188CC

CHARACTERISTICS (continued)

I
Leakage current between i u

cathode and heater Ikt max. 6 | max. 12 |uA

Voltage between cathode and
heater Vif = 60 V (k neg)
or =120 V (k pos)

Insulation resistance
between two electrodes R min. 100 | min. 20 [ M

Voltage between electrodes V=200 V

Hum voltage Vg max. 50 “VRMS

Grid resistor Rgl =0.5 MQ

Vibrational noise output \Y% max. 100 mV

Anode supply voltage Vpa = 100 V
Anode resistor Ry = 2 kQ2
Grid supply voltage +ng =9V

Cathode resistor Rk = 680 Q2
(by passed)

Vibration frequency f = 10-50 Hz

Acceleration = 2.5 g

Vibrational noise output \Y% max. 140 mV

Anode supply voltage Vhg = 270 V
Anode resistor Ry = 18 kS2

Grid resistor Rg = 1 MQ

Cathode resistor Rg = 180 Q2

By pass capacitor Cx = 50 uF

Vibration frequency f = 50-5000 Hz

Acceleration = 0.5 g
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E188CC

CAPACITANCES. Both sections if not otherwise indicated.

I II

Anode to cathode, heater and screen Ca/kfs L.75 | 1.55~1.95 | pF

Ca'/Kk'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 Co/kis 3.3 2,7~ 8.9 | p¥
Grid to cathode and heater Cg/kf 3.3 2.7~ 3.9 | pE
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 27 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 2.9 2.6~ 3.2 pF
Cathode to grid, heater and screen Ck/gfs 6.0 Sl.l= 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 Cag' max.0.005 | pF
Grid to anode other section Cga’ max.0.005 | pF
Grid to cathode other section Cgk' 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 IIT)
under the following conditions during 10000 hours.

Anode supply voltage Vba 100 V
Grid supply voltage +Vbg 9 Vv
Cathode resistor Rk 680 @
Grid resistor Rg 47 k2

Cathode to heater voltage
(k neg) Vit 60 V

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va, max. 550 V
Va max. 250 V
Anode voltage (Zero anode current) V(13 = 0) max. 400 V
Anode dissipation W, max. 1.65 W
W, max. 2.0 W
Both sections Watga! 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. 200 us
Duty factor max. 0.1
Cathode current Ik max. 22 mA
Cathode peak current Ikp max. 110 mA
Pulse duration max. 200 us
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 MQ
with automatic bias Rg max. 1.0 M2
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E188CC

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 l 3:9 k&
Grid resistor Rg 1 1 1 MQ
Grid oscillator voltage Vosc 2 2D 3 VRMS
Anode current I 4.7 17 11 mA
Conversion conductance Sc 249 3.5 4.1 mA/V
Internal resistance Rj 8.3 7 6.1 kQ

Output tube class A

Anode voltage Vi 220 \
Load resistance Ra 20 kQ
Negative grid voltage —Vg 6.5 Vv
Input voltage Vi 0 1.5 4.5 VpMms
Anode current Iy 6.5 = 9.2 mA
Output power Wo - 0.05 0.5 W
Total distortion drot 7 %

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

Anode voltage V, 200 \%

o

Load resistance Raa 2 k2

Negative grid voltage —Vg 6 \%
Input voltage Vi O—T‘)—AI.O VRMS
Anode current I 2x5 = 2x9 mA
Output power Wo - 0.05 1.2 W
Total distortion diot - - 3 %

6 H H December 1968



E188CC

OPERATING CHARACTERISTICS

(continued)

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

Anode voltage Va 200 Vv

Load resistance R 10 k2

Negative grid voltage —Vg 6 Vv S—
Input voltage Vi 0 0,9 4.0 V (rms) —
Anode current I, 2%5 < 2% 13..5 mA

Output power Wo = 0.05 155 w

Total distortion deot - = 4 o4
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7722 MAINTENANCE TYPE -

E280F

5.Q. TUBE

Special quality pentode designed for use as wide band 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.; Parallel supply
Heater voltage Ve 6.3 V
Heater current I 315 mA
Anode current Iy 20 mA
Transconductance S 26 mA/V
Equivalent noise resistance Req 220 @

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

f  moue T 7z0uu68
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E280F

CHARACTERISTICS

Column I

Nominal value or setting of the tube

I Range values for equipment design: Initial spread
III Range values for equipment design: End of life

I II 111

Heater voltage Ve 6.3 Vv
Heater current I 316 299- 331 mA
Anode supply voltage Vba 190 A
Grid No.2 supply voltage Vbg, 160 v
Grid No. 3 voltage Vg3 0 Vv
Grid No.1 supply voltage +ngl 8 v
Cathode resistor Ry 370 Q
Anode current L 20| 18.8-21.2| min. 17 | mA
Grid No. 2 current Ig) 6 9L,3= 6.7 mA
Mutual conductance i 26 22- 30| min.17.5 | mA/V
Internal resistance Rj 100 k2
Amplification factor “8’2%1 60
Negative grid current —Igl max. 0.3| max. 1.0 | A
Equivalent noise resistance = Req 220 Q
Input resistance r'g, 1.4 k2

Pin 1 connected to pin 3

Frequency 100 MHz
S/C 2.2 mA/V/pF
S/E‘TF(Cg+ Ca+ 5 pF) 180 MHz
Anode supply voltage Vba 180 A%
Grid No.2 supply voltage ng,) 150 A%
Grid No. 3 voltage Vg.;— 0 Vv
Cathode resistor Ry 80 Q
Anode current L4 17 mA
Grid No.2 current Igr) 8.1 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 A 160 |V
Grid No.1 supply voltage +ngl 8|V
Cathode resistor Ry 400 |2
Anode current Iy 24 | mA
Mutual conductance S 33 |mA/V
Internal resistance Rj 1.8 | k2
Amplification factor M 60
Equivalent noise resistance Req 100 | &2
CAPACITANCES Without external| With external
Grid No. 1 to grid No.2, e shucld

grid No.3, cathode, I I 1 II

heater and screen Cgl/gzgskfs 9.318.3-10.3 [9.4] 8.4-10.4 | pF
Anode to grid No.2,

grid No.3, cathode,

heater and screen Ca/g2g3kfs 2.612.3-2.9(3.6]3.2- 4.0|pF
Anode to grid No.1 Cagl max. 35 max. 30 [ mpF
Grid No.1 to grid No.2,

grid No.3, cathode,

heater and screen Cgl/gzgskfs 15.9 15.6 pF

Cathode current

Ix = 26 mA

SHOCK AND VIBRATION RESISTANCE

The following test conditionsare 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.
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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

Anode dissipation

Grid No.2 voltage

Grid No.2 dissipation

Cathode current

Grid No.1 current

Grid No.1 voltage negative

positive

Grid No.1 resistor

Voltage between cathode and heater
cathode positive
cathode negative

Bulb temperature

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

Vkf (k pos)
Vit (k neg)
tbulb

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

400

o
o
o

s

400
180

0.5

120
60

180

A4
W
v
v
W

mA

mA
v

v
v
NG

Variation of the heater voltage exceeding the range of 6.0V 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 Vba 190
Grid No.3 voltage Vg3 0
Grid No.2 supply voltage ng2 160
Grid No.1 supply voltage +ng1 8
Cathode resistor Ry 370
Anode current I 20
Grid No.2 current Ig2 6
Mutual conductance S 26
Internal resistance Ry 100
Amplification factor “gzgl 60
Equivalent noise

resistance Req 220
Input resistance rg, 1.4

Pin No.l connected
to pin No.3

Frequency = 100 MHz

Capacitance grid No. 1
to grid No.2, grid No.3,
cathode, heater and
screen (no external
shield)

(o}
(o)

Cg1/gogskis 13-
S/2M(Cy+ Ca+5 pF) 180
s/C 5.3

190

160

780
10

—
No NS

-
w
wn

250
1.7

14.3
138
1.6

190

160

630

240
1.6

14.8
156
1.85

220
1.6

14.8
142
1.7

mA
mA
mA/V
k@

k2

pF

MHz
mA/V/pF
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MAINTENANCE TYPE o E282F

S.Q. TUBE

Special quality pentode designed for useas 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 Vs 6.3 V

Heater current If 350 mA

Anode current Iy 35 mA

Mutual conductance S 26 mA/V

Equivalent noise resistance Req 200 @

Noise factor at 100 MHz F 7 dB
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

ax 54.7

max 61.7

-

|

f TZ0L4LET 7204468
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E282F

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 I

Heater voltage Vs 6.3 A%
Heater current If 350 mA
Anode supply voltage Vba 125 Vv
Grid No.2 supply voltage ngz 125 v
Grid No. 3 voltage Vg3 0 mA/V
Grid No. 1 supply voltage +ngl 12 v
Cathode resistor Rg 300 Q
Anode current Iy 35| 33 - 37| min. 31 |mA
Grid No.2 current Ig2 1119.9-12.1 mA
Mutual conductance S 26| 22 - 30| min.17.5 | mA/V
Amplification factor “gzgl 24
Equivalent noise resistance Req 200 Q
Noise factor at 100 MHz F 7 dB

Adapted to minimum noise
Negative grid current —Igl max. 0.3| max. 1.0 | uA
Anode supply voltage Vba 135 A%
Grid No. 2 supply voltage ngz 125 v
Grid No. 3 voltage Vg3 0 v
Grid No.1 supply voltage +ngl 12 Vv
Cathode resistor Ry 360 Q
Anode current Iy 30 mA
Grid No.2 current Igz 9:9 mA
Mutual conductance S 25 mA/V
Amplification factor Hgog ) 27
Equivalent noise resistance Req 200 Q
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E282F

CHARACTERISTICS (continued)

As triode (grid No.2 connected to anode)

(grid No.3 connected to cathode) I I

Anode supply voltage Vba 125 v
Grid No. 3 supply voltage ng3 0 v
Grid No. 1 supply voltage +Vbg 1 12 v
Cathode resistor Rk 350 Q
Anode current Iy 40 mA
Mutual conductance S 32 mA/V
Amplification factor M 28:5
Internal resistance R 800 Q
Equivalent noise resistance Req 100 Q
Leakage current between cathode
and heater It max. O pA

Voltage between cathode and heater

Vie = 100 V
Insulation resistance
Anode to other electrodes (V = 300 V) R min. 100| MQ
Grid No. 1 to other electrodes (V = 50 V) R min. 100| MQ
CAPACITANCES 1 11
Grid No. 1 to grid No.2, grid No.3

cathode, heater and screen Cgl/gzgSkfs 10 pF
Grid No.1 to grid No.2, grid No.3

cathode, heater and screen Cgl/gzgskfs 16 pF

Cathode current Ix = 46 mA
Anode to grid No.2, grid No.3

cathode, heater and screen Ca/ngSk'fs 2.6 pF
Anode to grid No.1 Cagl max. 50 [mpF
Anode to cathode Cak max. 50 |[mpF
Cathode to heater Cks 4.7 pF
Grid No.1 to heater Cglf max. 50 |mpF
Anode to heater Caf max. 100 [{mpF
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E282F

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 (columnIII)
during 10000 hours.

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va, max. 400 V
Va max. 200 V
Anode dissipation Wy max. 4.2 W
Grid No.2 voltage ngo max. 400 V
ng max. 150 V
Grid No. 2 dissipation l) Wg2 max. 1.4 W
Grid voltage Vg max. 50 Vv
Grid resistor, automatic bias Rgl max. 0.5 M@
Cathode current Ik max. 50 mA
Voltage between cathode and heater Vst 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 6.0V
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 be taken not to exceed the limiting value
during switching in of positive voltages. If the cathode resistor is shunted
by more than 10 uF a grid No.1 series resistor of minimum 1 k2 should be
applied.
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MAINTENANCE TYPE

E283CC

-

S.Q. 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

10000 hours

Shock and vibration resistant

Noval

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

Vi
Ig
Iil
S

M
\’g

6.3 V
330 mA
1.25 mA
1.6 mA/V
100
max. 5 WVRMS
max. 15 uVRMS

DIMENSIONS AND CONNECTIONS

Base: Noval

Dimensions in mm

2
—

~ O
Qs
|

| %
U\D
E!E

|
i ¥
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E283CC

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

1 1T 111

Heater voltage Vs 6.3 Vv
Heater current Ig 330 | 313 - 347 mA
Anode voltage V, 250 v
Cathode resistor Rk 1.6 k2
Anode current Ia 1.25]11.1 - 1.4 [min. 0.8 |mA
Mutual conductance S 1.6 1.3 -1.95 | min.1.05 | mA/V
Amplification factor u 100
Internal resistance Rj 62.5 k@
Negative grid current —Ig max. 0.2 [max. 0.5 [uA
Anode voltage Va 100 v
Cathode resistor Rk 2 kR
Anode current I 0.5 mA
Mutual conductance S 1.25 mA/V
Amplification factor M 100
Internal resistance Ri 80 k2
Cut-off voltage -Vg | max. 4 \Y
Anode voltage Va 250 A%
Anode current Iy 20 MA
Grid current starting voltage —Vg max. 1 v

Grid current +Ig = 0.3 uA
Leakage current between
cathode and heater Iis max. 5 HA

Voltage between cathode
and heater Vg = 100 V
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E283CC

CHARACTERISTICS (continued)

Insulation resistance between electrodes I

Anode to all other electrodes R min. 300 | M2
(Voltage between electrodes 300 V)
Grid to all other electrodes R min. 300 | M2

(Voltage between electrodes 100 V)

Hum voltage Section 1 Vg max. 5| uVRMS
Section 2 Vgt max. 15| uVRMS
Anode supply voltage Vpy = 250 V
Anode resistor Rg = 100 k2
Grid resistor Rg = 1 MQ

Vibrational noise Vg max. 10 | mV
Anode voltage V, = 250 V

Grid voltage -Vg = 2NV

Anode resistor Ry = 5 k2

Frequency f = 25 Hz

Acceleration = 2.5 g

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 p¥
Grid to heater Cgf max. 0.01 pF

Cg'f max. 0.02 pF
Grid to grid other section ng' max. 0.01 pF
Anode to anode other section Caat max. 0.1 pF
Anode to grid other section Cag' max. 0.06 pF

Ca'g max. 0.01 pF
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E283CC

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 tubeis subjected 5Stimes 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 Va, max. 600 V
Va max. 300 V
Anode dissipation W, max. 1.2 W
Grid voltage —Vg max. 355 V
+Vg max. 0.5 V
Grid resistor with fixed bias R8 max. 1.2 MQ
with autom. bias Rg max. 2.2 MQ
Cathode current I max. 9 mA
Voltage between cathode and heater Vs max. 200 V
Bulb temperature (o max. 170 ©°C
Resistance of cathode to heater circuit
in case of phase inverter circuit Rys max. 135 k2

Heater voltage: The average heater voltage should be 6.3 V.
Variations of the heater voltage exceeding the range of 6.0V
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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E283CC

OPERATING CHARACTERISTICS
A.F. amplifier Fig.1 see page 8§

Anode supply voltage Via 200 250 300 350 400 Vv
Anode resistor Ry 47 47 47 47 47 k2
Cathode resistor Rk 1500 1200 1000 820 680
Grid resistor next stage Ro 150 150 150 130 150 kR
Anode current Ip 0.86 1.18 1.55 1.98 2.45 mA
Output voltage at Hg = 0.3 AV, 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 R, 100 100 100 100 100 k2
Cathode resistor Ry 1800 1500 1200 1000 820
Grid resistor next stage Ry 330 330 330 330 330 k@
Anode current Ia 0.65 0.86 1.11 1.40 1.72 mA
Output voltage at +Ig = 0.3 uA Vo 20 26 30 36 38 VRMS
Voltage gain Vo/Vi 50 54.5 57 61 63

Total distortion 1) deot 4.8 3.9 2.7 2.2 1.7 %
Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor Ry 220 220 220 220 220 k2
Cathode resistor Ry 3300 2700 2200 1500 1200
Grid resistor next stage Ro 680 680 680 680 680 k&
Anode current I 0.36 0.48 0.63 0.85 1.02 mA
Output voltage at Hg = 0.3uA Vg, 24 28 36 37 38 VRMS
Voltage gain Vo/ Vi 56 66.5 72 75.5 76:5

Total distortion 1) deot 4.6 3.4 2.6 1.6 1.1 %

l) The distortion is about proportional to the output voltage.
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E283CC

OPERATING CHARACTERISTICS (continued)

A.F. amplifier Fig.2 see page 9

Input source resistance = 100 @

Anode supply voltage Vpa 200 250 300 350 400 V
Anode resistor Ry 47 47 47 47 47 kQ
Grid resistor next stage Ro 150 150 150 150 150 k<2
Anode current I 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 Bk 5.6 4.2 2.9 2.7 2.5 %
Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor R, 100 100 100 100 100 k<
Grid resistor next stage Ro 330 330 330 330 330 k@2
Anode current Iy 0.7 1.00 1.29 1.62 1.95 mA
Output voltage Vo 20 26 30 36 38 VRMS
Voltage gain Vao/Vi 50 51 54 56 58

Total distortion 1) ot 3.9 2.6 2.0 1.8 1.6 %
Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor Ry 220 220 220 220 220 kQ
Grid resistor next stage Ro 680 680 680 680 680 k22
Anode current Iy 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) drot 4.6 2.7 2.2 1.7 1.4 %

1) The distortion is about proportional to the output voltage.
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E283CC

OPERATING CHARACTERISTICS (continued)

A.F. amplifier

Fig.3 see page 9

Input source resistance = 330 k2

Anode supply voltage Vpg 100 150 200 250 300 330 400 V
Anode resistor R, 47 47 47 47 47 47 47 kQ
Grid resistor next stage R, 150 150 130 150 150 150 150 k2
Anode current I, 0.35 0.8 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:

Vog=2V dior 1.7 2.5 2.4 2.3 2.2 2.2 2.1 %

Vg =4V digt 2:1 4.6 4.7 4.6 4.5 %.2 4.2 %

Vo=6V degy 6:0 5.2 5.6 ©B.6 5.5 5.5 5:4 %
Anode supply voltage Vpa 100 150 200 250 300 350 400 V
Anode resistor Ry 100 100 100 100 100 100 100 k<2
Grid resistor next stage R, 330 330 330 330 330 330 330 k&
Anode current I 0.24 0.56 0.88 1.23 1.58 1.92 2.29 mA
Voltage gain Vo/Vi 34 43 46 48 30 51 52
Total distortion at:

Vo=2V dior 1.6 1.9 1.9 1.8 1.8 1.8 1.7 %

Vo=4V By 2.8 30 38 38 56 5.8 3.5 %

Vo =6V dpot 2.5 4.7 5.1 5.1 50 4.9 4.8 %
Anode supply voltage Vpa 100 150 200 250 300 350 400 V
Anode resistor Ry 220 220 220 220 220 220 220 k@
Grid resistor next stage R 680 680 680 .680 680 680 680 k2
Anode current I, 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 =2V deot 1.6 1.7 1.7 1.6 1.6 1.6 1.6 %

Vo=4V diot 2.5 3.0 3.0 2.9 2.9 2.8 2.7 9%

Vo=6V diot 3.2 4.4 4.4 4.4 4.4 4.3 4.2 %
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E283CC

OPERATING CHARACTERISTICS (continued)

Phase inverter Fig.4 see page 9

Anode supply voltage
Anode voltage
Cathode resistor
Anode resistor
Anode current

Voltage gain

Output voltage (+Ig. = 0.3 nA)

Total distortion l)

V4 should be adjusted to the specified value of Iy + 1"

Vba 250
v, 65
Ry 68
Rgas Ra' 100
I+, 1.0
Vol Vi 25
Vo 7 2
et 0.6 1.8

Phase inverter Fig.> see page 9

Anode supply voltage
Cathode resistor
Anode current

Voltage gain

Output voltage (+lg = 0.3 uA)

Total distortion l)

Vba 250
Ry 1200
IoHy' 1.08
Vo/ Vi 58
Vo 7.0 35
diot 1.1 5.5

350 A%
90 A%
82 kQ

150 kQ

1.2 mA
27

10 35 VRMS
0.5 1.8 9

350 Vv

820 Y

1.7 mA
62

9 45 VgRMS
0.7 3.5 %

Fig.1
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8223 MAINTENANCE TYPE < 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 Vs 6.3 V
Heater current I¢ 475 mA
Anode current Iy 30 mA
Mutual conductance S 20 mA/V
Equivalent noise resistance (R.F.) Req 200
Noise figure F 5.7 dB

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max54.7

max 61.1

f 7200000 72044
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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 11 111
Heater voltage Vi 6.3 v
Heater current Ig 475 1450 - 500 mA
Anode supply voltage Vpa 100 A%
Grid supply voltage +Vhbyg 9 A%
Cathode resistor Ry 350 Q
Anode current Ly 30 | 28- 32 |min.26.5 | mA
Mutual conductance S 20 17 -22.5 | min. 14.5 | mA/V
Amplification factor " 25
Internal resistance Ry 1.25 k2
Equivalent noise resistance Req 200 Q
Noise figure in cascode circuit E 5.7 dB
Adapted to minimum noise
Negative grid current —Ig max. 0.2 | max. 1| rA
Anode supply voltage Vha 60 \Y%
Cathode resistor Ry 80 Q
Anode current I, 1.5 mA
Mutual conductance S 15.5 mA/V
Amplification factor 7 25
Internal resistance Rj 1.85 k2
Noise figure in cascode circuit E 9 dB
Adapted to minimum noise
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E288CC

CAPACITANCES Each system if applicable

Grid to cathode heater and screen Cg/kfs 4xd 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 ng- 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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E288CC

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va, max. 400 V
Vig max. 250 V
Anode dissipation W, max. 3 W
Grid voltage _Vg max. 50 V
Grid peak voltage —Vgp max. 150 V
Max. pulse duration 10 usec
Max. duty factor 0.01
Grid resistor with automatic bias Rg max. 1 MQ
Cathode current I max. 40 mA
Cathode peak current Ikp max. 400 mA
Max. pulse duration 10 usec
Max. duty factor 0.01
Voltage between cathode and heater Vkf max. 150 V
Bulb temperature thulb max. 190 °C

Heater voltage: The average heater voltage should be 6.3 V.
Variations of the heater voltage exceeding the range of 6.0V
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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7788 MAINTENANCE TYPE e E810F

S.Q. 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 Vg 6.3 V
Heater current Ig 340 mA
Anode current Ia 35 mA
Mutual conductance o3 50 mA/V
Equivalent noise resistance Req 110
3
ality fs RS A 25
Quality factor Z‘II(CgI%—Ca-i»S) 50 MHz
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

- max49.2
max 55.6

e .
M

7293450
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E810F

i

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

11

111

Heater voltage V¢ 6.3 v
Heater current Le 340 | 320 - 360 mA
Anode supply voltage Vpa 135 A%
Grid No.3 voltage Vg3 0 A%
Grid No.2 supply voltage ngz 165 A%
Grid No.1 supply voltage +ngl 12.5 A%
Cathode resistor Ry 360 Q
Anode current R 35 (neigfégéi 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; 42 k2
Amplification factor of

grid No.2 to grid No.1 Hgog, 57
Negative grid current —Igl max. 0.1 | max. 0.2 | uA
Equivalent noise resistance Req 110 Q

Frequency = 45 MHz
Input resistance rgI 415 Q

Frequency = 100 MHz
Quality factor H(Cgsl-l——Ca-i—S)

a) without shield 250 MHz

b) with ghield 245 MHz
Anode supply voltage Vba 120 \Y%
Grid No.3 voltage Vg3 0 A%
Grid No 2 supply voltage ng3 150 A%
Cathode resistor Ry 47 Q
Anode current Iy 35 3L - 39 mA
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E810F

CHARACTERISTICS (continued) i I

Hum voltage Vgl max. 150 1A%
Grid No.l resistor Rgl = 0.5 M@
Midtap heater transformer grounded
Cathode resistor decoupled

Leakage current between
cathode and heater Ikf max. 10 | max. 20 | nA

Voltage between cathode and
heater Vi¢ = 100 V

Insulation resistance between
anode and other electrodes R min. 100 | min. 40 | MQ

Measured with V = 250 V

Without With
CAPACITANCES external shield| external shield
I 1T i 11
Anode to grid No.3,
grid No.2, cathode,
heater and screen Ca/gsgzkfs 3.5 |3.2-3.8 4.113.9-4.3 | pF
Grid No.1 to grid No.3,
grid No.2, cathode,
heater and screen
(I = 0 mA) Cgl/gggzkfs 14.5 | 13- 16| 14.5| 13- 16 | pF
(Ix = 40 mA;f = 100 Mc/s) Cg, /g3g3kis 24 | 22- 26 24 | 22- 26 | pF
Anode to grid No.1 Cagl max. 36 max. 32 | mpF
Anode to cathode Cak 60 | 53- 67 33 | 26- 40 | mpF
Anode to heater Cas 31 26- 36 20 | 12- 28 | mpF
Grid No.! to heater Cglf 60 | 40- 80 55| 35- 75 | mpF
Cathode to heater Ckf 5.2 |4.2-6.2 | pP

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.
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E810F

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 10 000 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 Va,
Va
Anode dissipation Wa
— Vg
Grid No.2 voltage v 20
g2
Grid No.2 dissipation Wg:2
Grid No.!l voltage —Vgl
B _\/’
Grid No.1 peak voltage glp
+Vg
Ip
Grid No.1 dissipation ng

Maximum averaging time =1 s

Vba 165
Ry 820
Vg3 0
Vb, 165
+ng1 12.5
Ry 360
I, 35
Vkf 100
max. 400
max. 250
max. 5
max. 400
max. 200
max. 1
max. 25
max. 50
max. 50
max. 10

A%

Vv
A%

mA

V

VvV

wly

mW

Ly Care should be taken not to exceed the rated Wgz value due to switching of

positive supply voltages.
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E810F

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

Grid No.1 resistor

With fixed bias Rgl max. 0.2 MQ
With automatic bias Ry = 47 Q Rgl max. 0.6 MQ
Ry =360 Q Rgl max. 3.5 MQ
Cathode current I max. 50 mA
Cathotle current Iy max. 65 mA
(Life expectancy 1000 hours)
Voltage between cathode and heater Vkt max. 100 V
Bulb temperature thulb max. 200 ©C
Bulb temperature thulb 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 Vpa 155 'V
Grid No.3 voltage Vg3 0 Vv
Grid No.2 supply voltage ng2 165 V
Grid No.1 supply voltage +ngl 12.5 V
Cathode resistor Rk 360 Q
Cathode capacitor Cx 1000 wF
Anode resistor Ry 560
Anode current I 35 mA
Anode current, peak to peak Iap 40 mA
Total distortion dtot 7.5 %
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6Q4 OBSOLESCENT TYPE . 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 500 hours
Base Noval. Gold plated pins
Heating Indirect

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

Heater voltage Ve 6.3 V

Heater current Iy 430 mA

Mutual conductance S 12 mA/V
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max 22

s

max 50
max 56

.

f  7z00u82 T 7z0uks
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EC80

CHARACTERISTICS
Anode voltage

Grid voltage

Anode current
Mutual conductance

Amplification factor

CAPACITANCES

Grid and pin No.6 to cathode and heater
Grid, heater and pin No.6 to cathode
Anode to cathode

Anode to cathode and heater

Anode to grid and pin No.6

Anode to grid, heater and pin No.6

Cathode to heater

LIFE

Cgpg/kf
Cetpe/k
Cak
Ca/kf
Ca/gpg
Ca/gfpg
Cie

Production samples are tested during 500 hours.

LIMITING VALUES (Design centre rating system)

Anode voltage

Anode dissipation
Cathode current
Voltage between cathode and heater

Grid resistor

Va,
Va
Wa
Iy
Vit

g

5.1
9.3
max. 0.075
max. 0.08
3.4
3.4

max. 8

max. 550
max. 300
max. 4
max. 15
max. 100

max. 0.3

mA

mA/V

pF
pF
pF
pF
pF
pF
pF
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6R4 OBSOLESCENT TYPE — EC81

S.Q. TUBE

U.H.F. oscillator triode for frequencies up to 750 MHz.

QUICK REFERENCE DATA

Base Noval. Gold plated pins
Heating Indirect

A.C. or D.C.; parallel supply
Heater voltage Vg 6.3 V
Heater current If 175 mA
Anode current Ia 30 mA
Mutual conductance S 5.5 mA/V

DIMENSIONS AND CONNECTIONS

max 22

Dimensions in mm T B
Base: Noval t

ge

8

T x

ol

b |
v

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 Cgt max. 0.25 pF
Cathode to heater Cxt 2.3 pF
CHARACTERISTICS
Heater voltage Vi 6.3 \%
Heater current If 175 mA
Anode voltage Va EU_ 150 'V
Grid voltage - Vg 2 2 Vv
Anode current Iy 20 30 mA
Mutual conductance S 4 5.5 mA/V
Amplification factor H“ 16 16
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EC81

OPERATING CHARACTERISTICS AND LIMITING VALUES

Operation as U.H.F. oscillator

A) Heater supply voltage Ve 6.3 A%
Series resistor in heater circuit R 3 Q
Wave length 40 80 cm
Anode voltage Va 220 275 \Y
Anode current Iy 18.6 17 2 mA
Grid current Hg 1:5 2.8 mA
Output power W, 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 W, max. 3.5 W
Cathode current Ik max. 20 mA
Grid current Iy max. 7.5 mA
Negative grid voltage ~Vg max. 100 V
Voltage between cathode and heater Vkt max. 100 V
Grid resistor Rg- max. 1 MQ

B) Heater supply voltage V¢ 6.3 v
Series resistor in heater circuit 3 Q

——

Wave length A 40 80 cm
Anode voltage Va 290 300 A%
Anode current Iy 19:6 18.6 mA
Grid current +Ig 0.4 1.5 mA
Output power Wo 0.7 2.2 W
With these operating conditions the following limiting values should be
strictly adhered to

(V]
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'EC81

LIMITING VALUES Design centre rating system uniess otherwise specified.

Anode voltage Vao
Anode voltage (stabilized + 1%) Va
Anode dissipation (Abs.max.) Wy
Cathode current (Abs.max.) Ik
Grid current +Ig
Grid voltage 'Vg
Voltage between cathode and heater Vit
Grid resistor Rg

the range of 6.3 V + 3%.

max.
max.
max.
max.
max.
max.
max.
max.

Heater voltage: The average heater voltage should be 6.3 V
Variation of the heater voltage should not exceed the range

100
100

Anode voltage Vao max. 350 V
Anode voltage (stabilized + 1%) Va max. 300 V
Anode dissipation (Abs.max.) W, max. 3
Cathode current I max. 20 mA
Grid current Ig max. 7.5 mA
Negative grid voltage Vg max. 100 V
Voltage between cathode and heater Vs max. 100 V
Grid resistor [gg max. 1 MR
C) Heater voltage Vg 6.3 A%
Wave length A ’_;10__—8‘0 cm
Anode voltage Va 220 300 v
Anode current Iy 27.7 26.3 mA
Grid current Ig 2.3 4 mA
Output power We i | 3.8 \

LIMITING VALUES Design centre rating system unless otherwise specified.

A%
v
W
mA
mA
\Y%
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6AQ4 OBSOLESCENT TYPE

EC91

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
Base

Heating

Heater voltage
Heater current

Mutual conductance

500 hours
Miniature 7-pin

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

Vg 6.3 v
If 300 mA
S 8.5 mA/V

DIMENSIONC AND CONNECTIONS

Base : Miniature 7-pin

Dimensions in mm
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ECO1

CHARACTERISTICS
Anode voltage Vi 250 'V
Grid voltage —Vg 1.5V
Cathode resistor Ry 150 €
Anode current I, 10 mA
Mutual conductance S 8.5 mA/V
Amplification factor y 100
Internal resistance Rj 12 kQ
Equivalent noise resistance Req 400 €
CAPACITANCES
Grid to cathode and heater Cg/kf 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)
Ancde voltage Vao max. 550 V
vV, max. 250 V
Cathode current I max. 15 mA
Grid voltage —Vg max. 100 V
Voltage between cathode and heater Vit max. 150 V
Anode dissipation Wy max. 2.5 W

2 Deceniber 1968



$254 OBSOLESCENT TYPE . EC1000

S.Q. TUBE

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 Vg 6.3 V
Heater current I¢ 185 mA
Equivalent grid noise voltage Vi max. I mvV
Anode current Ia 14 mA
Mutual conductance S 14.5 mA/V
DIMENSIONS AND CONNECTIONS Dimensions in mm

Envelope: Subminiature

|

\
+
)
N
N

‘ S . |
Y

ms B =

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. 1.
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EC1000

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 T11

Heater voltage Vi 6.3 A%
Heater current Ig 185 | 178= 195 mA
Anode voltage Va 80 Vv
Grid voltage —Vg 2 \%
Anode current I 14 mA
Mutual conductance S 14.5 mA/V
Amplification factor U 275
Input resistance Iy 300 Q

Frequency = 250 MHz
Input resonance frequency f 400 ) MHz
Anode supply voltage Vba 82 A%
Cathode resistor Ry 143 Q
Anode current Iz 14.0 {11.2-16.8 | min. 8.2 | mA
Mutual conductance S 14.5 mA/V
Anode supply voltage Vha 90 \
Cathode resistor Ry 680 Q
Grid supply voltage + Vbg 7.5 A%
Anode current I 14 mA
Mutual conductance S 14.5 |12.9-16.1 | min. 9.2 | mA/V
Negative grid current -Ig max.0.01 | max.0.01 | A
Leakage current between
cathode and heater 5% max . S| max. 10| uA

Voltage between cathode and
heater = 55 V. Cath. positive

(S5}
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EC1000

CHARACTERISTICS (continued)

Equivalent grid microphony ! U
voltage Vg max.1.0 | mVRMS
Peak acceleration = 4 g
Frequency = 50 Hz
‘ Equivalent grid hum voltage Vg max.1.0 | mVRMS

Grid resistor = 0.5 MQ
Cathode resistor = 100 Q2

Heater centre grounded

CAPACITANCES

Grid to cathode Cgk | 3.5 | 2.9-4.1| pF
Anode to grid Cag 1.711.4-2.0| 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 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 during 1000
hours.

December 1968
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EC1000

LIMITING VALUES (Absolute max. rating system)

Anode voltage V,
€ 0
s
Va
Anode dissipation W,
Grid voltage —Vg
Cathode current I

Voltage between cathode
and heater Vkf

Bulb temperature hulb

max.

max.

max.

max.

max.

max.

max.

275 V
110 V
1.5 W
55V
22 mA
55 V
170: °¢

Grid resistor: The grid resistance should be restricted to a value such that no

limiting values are exceeded at -1y = 0.01 pA.

The D.C. feed back factor of the <5pc‘rating circuit may be taken

into account.

The Ry 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.

72029745 3.ajjj

80

I 4

Io[IT1T

(mA)

40H

20
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MAINTENANCE TYPE o EC8010

S.Q. TUBE

Special quality U.H.F. triode designed for use as R.F. amplifier and oscii-
lator (max. frequency 1000 MHz).

QUICK REFERENCE DATA

Life test 10 000 hours

Low interface resistance

Mechanical quality Shock and vibration resistant
Base Noval
Heating Indirect

A.C. or D.C.; parallel supply
Heater voltage Vi 6.3 V
Heater current Ig 280 mA
Anode current I, 25 mA
Mutual conductance S 28 mA/V

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max 49.2
max 56.2

.

i

7204674
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EC8010

CHARACTERISTICS

Anode supply voltage Vba 200 VvV
Anode resistor Ry 2.4 kQ
Cathode resistor R 47 Q
Anode current L, 25 mA
Mutual conductance S 28 mA/V
Amplification factor M 60
CAPACITANCES

Without shield

Anode to cathode and heater Ca/kt 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.
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EC8010

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va, max. 400 V
Va max. 200 V
Anode dissipation W, max. 4.5 W
Grid voltage —Vg max. 20 V
Cathode current I max. 35 mA
Grid resistor Rg max. 500 kQ
Voltage between cathode and heater Vi max. 100 V

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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MAINTENANCE TYPE - ECC2000

S.Q. TUBE

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 Vg 6.3 - V
Heater current N 335 mA

Input section Output section

Anode voltage 90 90 90 90 \Y
Anode current 15 27 15 27 mA
Mutual conductance 13- 1 17.5 17 22 mA/V
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: 10 pin miniature
max 22
‘ T & &
N |
3
S
E g
v |
LY
7203449 e — _1
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ECC2000

CHARACTERISTICS
Heater voltage

Heater current

Input section (unit a', g", k")
Anode voltage

Neutralization screen voltage
Grid voltage

Anode current

Mutual conductance
Amplification factor

Equivalent noise resistance

Output section (unit a,g,k)
Anode voltage

Grid voltage

Anode current

Mutual conductance
Amplification factor
Equivalent noise resistance

Insulation resistance between
electrodes

Leakage current between
cathode and heater

Voltage between cathode and
heater V=150 V

Cathode positive

Voltage between cathode and
heater V = 50 V

Cathode negative

Rins

It

S
v
Riae

Initial
End of life

Initial
End of life

Initial
End of life

6.3

200

min.
min.

max.
max.

max.
max.

90
1.4
27
22
28

100
20

mA

v
v

v

mA
mA/V

mA
mA/V

M2

HA
MA

MA
UA

N
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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 Ck/gf 6.5 pF
Anode to grid and filament Ca/gf 3:2 PpF
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 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 under the following conditions during 10000
hours: (each unit)

Heater voltage V¢ 6.3 V
Anode supply voltage Via 110 V
Grid supply voltage ng 17 V
Cathode resistor Ry 680 @
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ECC2000

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

Anode voltage Va, max. 450 V

Vs max. 250 V
Anode dissipation Wy max. 2.7 W
Grid voltage —Vg max. 50 V
Grid peak voltage —Vgp max. 150 V

Duty factor max. 1%
Pulse duration max. 10 us
Cathode current I max. 40 mA
Cathode peak current Ik max. 400 mA
Duty factor max. 10
Pulse duration max. 200 us
Grid resistor R max. | MQ

Automatic bias

Voltage between cathode and heater

Cathode positive Vit (k+) max. 150 V
Cathode negative Vs (x-) max. 50 V
Bulb temperature max. 225 -°C
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ECC2000

OPERATING CHARACTERISTICS

Cascode circuit, Frequency 200 MHz

Supply voltage Vi 200 200 V
Cathode resistor Ri! 1200 680 Q
Anode current L, 15.5 26.5 mA
Input resistance gt 910 670 Q
Input capacitance Ci 11 12 pF
Noise figure F 25 2.5 kTg
Adapted to minimum noise
—0

7201769
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MAINTENANCE TYPE 12AX7S

-

S.Q. TUBE

Special quality double triode designed for use as A.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 Vi 6.3 or 12.6 V
Heater current I¢ 300 or 150 mA
Anode current Iy ) 1.2 mA
Mutual conductance S 1.6 mA/V
Amplification factor K 100
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval
max22
-
\ Iy
3 ©
il
>z§ >§
&g
Y
f 7234044 '
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12AX7S

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 I I

Heater voltage Vg 6.3 A%
Heater current If 300 276- 324 mA
Anode voltage Va 250 \Y%
Grid voltage —Vg 2 Vv
Anode current 1, 1.2 0.75-1.78 mA
Mutual conductance 8 1.6 1.25-2.05 | min.1.12 | mA/V
Amplification factor U 100
Internal resistance Rj 625 kQ
Difference in anode

current of both systems ] Ia-1a' | max. 0.6 mA
Negative grid current —Ig max. 0.5 | max. 0.5 | paA
Vibrational noise output Vo max. 25 mVRMS

(units connected parallel)

Anode supply voltage

Vpha =250 V

Grid voltage —Vg =2V

Frequency f = 25 Hz

Acceleration 2.5 g

Anode resistor Ry = 2 kQ
Amplification
Anode supply voltage Vba 100
Grid voltage Vg 0
Anode resistor Ry 0.5 MQ
Grid resistor Rg 10 M
Input voltage Vi 0.2 VRMS
Output voltage Vo min. 8.4 VRMS
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12AX7S

CHARACTERISTICS (continued) I 11 III

Anode voltage Va 100 v
Grid voltage 'Vg 1 \Y
Anode current L 0.5 mA
Mutual conductance S 1.25 mA/V
Amplification factor M 100

Internal resistance R. 80 k2

Insulation resistance
between electrodes Rins min. 100 | min. 30 | MQ

Voltage between electrodes
V=100V

Leakage current between
cathode and heater Ikf max. 10| max. 20 | A

Voltage between cathode and
heater Vif = 100 V

CAPACITANCES . Without external screen.
Each system if applicable.

Anode to grid, cathode and heater Ca/gkf 3.9 pF
Anode to cathode and heater Ca/kf 0.4 pF

Ca'/k'f 0.3 pF
Grid to anode, cathode and heater Cg/akf 3.7 pF
Grid to cathode and heater Cg/kf 1.6 pF
Anode to grid Cag 1.7 pF

SHOCK AND VIBRATION RESISTANCE

The following test conditionsare 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°.
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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 \'A max. 330 V
Anode dissipation W, max. 1.1 W
Cathode current Ik max. 20 mA
Grid resistor with fixed bias Rg max. 1 M@
Voltage between cathode and heater Vs max. 100 V
Bulb temperature thulb max. 165 ©C
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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
Mechanical quality
Base

Heating

Heater voltage
Heater current

Mutual conductance
anode to grid No.l

Mutual conductance
anode to grid No.3

1000 hours

Shock and vibration resistant
Subminiature

Indirect

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

V¢ 6.3 V

If 150 mA
Sagl 3.2 mA/V
Sag3 0.5 mA/V

DIMENSIONS AND CONNECTIONS

Base: Subminiature

Dimensions in mm

max 1016

max 34.9

=
AL
My

720370

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

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 1I 111

Heater voltage Vs 6.3 A%
Heater current Ig 150 | 140 - 160 mA
Anode voltage Va 100 \Y
Grid No. 2 voltage ng 100 v
Grid No. 3 voltage Vg3 0 v
Cathode resistor Ry 150 Q
Anode current Iy 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. 1 Sag, | 32 |2.7-4.0 Aszgr;x' mA/V

anode to grid No.3 Sags 0.5 mA/V
Internal resistance Rj 110 kQ
Negative grid No.1 current —Igl max. 0.3 | max. 1.0 | uA

Grid No. 1 resistor Rgl =1 MQ
Anode voltage Va 100 v
Grid No. 2 voltage ng 100 Y
Grid No. 3 voltage Vg3 =)l Vv
Cathode resistor Ry 150 Q
Anode current Ly 4.0 mA
Grid No.2 current Ig2 5.8 mA
Mutual conductance;

anode to grid No.1 Sagl 1.95 mA/V

anode to grid No.3 Sags 0:5=1,:8 mA/V
Internal resistance R 50 k2
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5636

CHARACTERISTICS (continued)

L 1I II1

Grid No.1 cut-off voltage -Vg, max. 7.5 AY
Anode voltage Va 100 Vv
Grid No. 2 voltage Vg, 100
Anode current L, . 100 HA

Grid No. 3 cut-off voltage —Vgs max. 8.0 AY
Anode voltage Vi 100 v
Grid No. 2 voltage Vg7 100 v
Anode current 1a 100 MA

Leakage current between

cathode and heater Ixs max. 5 | max. 10 | uA
Voltage between cathode and
heater Vif = 100 V

Insulation resistance between

two electrodes . R min. 100 [ min. 50 | M2
Voltage between electrodes = 100 V

Vibrational noise output Vo max. 40 mV
Anode supply voltage Vha 100 v
Anode resistor Ry 10 k2
Grid No. 2 voltage \7g2 100 \
Grid No. 3 voltage Vg3 0 \%

Cathode by pass capacitor C = 1000 uF
Cathode resistor Rg = 150 ©2
Vibration frequency 40 Hz

Acceleration 15 g
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5636

CAPACITANCES. With external shield

I II

Grid No. 1 to grid No. 2,

grid No. 3, cathode and heater Cgl/gggg Kf 4.0 | 3.5-4.5| pF
Grid No. 3 to grid No.1,

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/gzgg kf 3.4 § 2.9 =3,9| pF
Anode to grid No. 1 Cag1 max.0.02 | pF
Anode to grid No.3 Cag3 max. L.1|pF
Grid No. 1 to grid No.3 CglgS 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 30°.

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.

NN
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5636

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vao max.
Anode voltage Va max.
Anode dissipation Wa max.
Grid No.3 voltage Vg3 max.
Grid No. 3 negative voltage —Vg3 max.
Grid No. 2 voltage ng max.,
Grid No. 2 dissipation Weg, max.
Grid No.1 voltage Vg ; max.
Grid No. 1 negative voltage Vg 1 max.
Grid No.1 resistor Rgl max.
Cathode current Ik max.
Voltage between cathode and heater;

D.C. component Vit max.

peak value kap max.
Bulb temperature thulb max.

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

6.6. V will shorten the tube life.

AV

W

V

W

V

MG

mA

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 Vi 6.3 V
Heater current I¢ 450 mA
Mutual conductance S 9 mA/V
Anode current Ia 21 mA
DIMENSIONS AND CONNECTIONS
Base: Subminiature Dimensions in mm
max 1016
|
Y

3

9

NI

l

ol

g

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 11 111

Heater voltage Vi 6.3 Y%
Heater current . 450 | 420-480 mA
Anode voltage Va 150 Vv
Grid No.2 voltage Vg, 100 : vV
Cathode resistor Rk 100 Q
Anode current L 21 14-28 mA
Grid No.2 current Ig2 4.0 2-6 mA
Mutual conductance S 9.0 | 7.5-10.5 -’3512512/50(. mA/V
Internal resistance R 50 k<2
Negative grid No.l current —Igl max. 1.0 | max. 2.0 [ A

Grid No.l resistor

Rg1 =1 MQ

Grid No.1 cut-off voltage —Vgl 14

Anode voltage Va 150

Grid No.2 voltage ng 100 v

Anode current Iy max. 75 A
Leakage current between
cathode and heater Tkt max. 15| max. 60| HA

Voltage between cathode and

heater Vif = 100 V
Insulation resistance between
two electrodes Rinsg min. 100 | min. 50| MQ

Voltage between electrodes

V =100 V
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5639

CHARACTERISTICS (continued)

I 11 I
Vibrational noise output Vs max. 100 mVage
Anode supply voltage Vpa | 130 \%
Anode resistor Ry 2 kQ
Grid No.2 voltage ng 100 v
Cathode resistor Ry 100 Q

Cathode by pass capacitor

Grid No.1 resistor Rgl =0.1 MQ

Vibration frequency = 40 Hz

Acceleration = 15 g

CAPACITANCES With external shield, inside diameter 10.3 mm

Grid No.1 to grid No.2, grid No. 3, l ! l i
cathode and heater Cc 9 8-10 B
81/82 kg g
Anode to grid No.2, grid No.3,
cathode and heater Ca/g2 kggf 8 7=9 pF
Anode to grid No.1 Cagl max.0.13 | 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 1.000 hours.

December 1968
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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 V Wa max. 4 W
Grid No.2 voltage Vg2 max. 135 V
Grid No.2 dissipation Wg2 max. 1 W
Grid No.1 voltage Vgl max. 0 Vv
Grid No.1 negative voltage —Vgl max. 55 V
Grid No.l resistor

with fixed bias Rgl max. 100 kQ

with automatic bias Rgl max. 500 k&
Cathode current Ix max. 40 mA
Voltage between cathode and heater,

d.c. component : Vit max. 200 V

peak value kap max. 200 V
Bulb temperature thulp 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 VvV
Grid No.2 voltage ng 100 Vv
Cathode resistor Ry 100

Load resistance Raw 9 k€2
Input voltage Vi 2 Vrms
Output power Wo 1 W
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5639
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MAINTENANCE TYPE —_ 5654

S.Q. TUBE

Special quality pentode designed for use as wide-band amplifier.

QUICK REFERENCE

DATA

Life test
Mechanical quality
Base

Heating

Heater voltage
Heater current
Mutual conductance

Sharp cut off

1000 hours
Shock and vibration resistant
Miniature 7 pin

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

Vi 6.3 V
If 175 mA
S 5 mA/V

DIMENSIONS AND CONNECTIONS

Base: Miniature 7 pin

T 7204007

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 Vi 63 Vv
Heater current I 175 | 160 - 190 | mA
Anode voltage Vg 120 \Y%
Grid No.2 voltage Vg? 120
Grid No.1 voltage —Vgl 2 AY
Anode current I, 7:8 5- 11 mA
Grid No.2 current Ig,) 2.5(10.8-4.0| mA
Mutual conductance S ) 513.8-6.2|mA/V
Internal resistance R; 0.34 M2
Negative grid current —Igl max. 0.1 | HA
Anode supply voltage Vpa 120 A%
Grid No.2 voltage ng 120 A%
Anode resistor R, 0l MQ
Grid No.1 voltage —Vgl 10 \Y
Anode current I, max. 200 [ uA
Grid No.1 cut off voltage _Vgl 8.5 Vv

Anode voltage Vg 120

Grid No.2 voltage ng 120 v

Anode current I,‘1 10 MA
Leakage current between
cathode and heater Ikf max. 10| uA

Voltage between cathode and

heater Vis =100 V
Insulation resistance between
two electrodes R min. 100| MQ
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5654

CAPACITANCES. With external shield

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

cathode and heater cgl/ngSkf 4.0 3.4 - 4.6 |pF
Anode to grid No.2, grid No.3

cathode and heater Ca/g2g3kf 2.85 | 2.45 - 3.25 | pF
Anode to grid No.1 Cagl max. 0.02 |pF
Grid No.1 to grid No.2 Cglgz 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
Va
Grid No.2 voltage Vgzo
ng
Grid No.1 voltage _Vgl
Vg
Anode dissipation Wa
Grid No.2 dissipation Wg,)
Cathode current Ik )
Grid No.1 current Igl
Grid No. 1 resistor Rgl
Voltage between cathode and heater Vit
Bulb temperature thulb

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

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

600 V
200 V
600 V
155 V
50 V
0V
1.65 W
0.55 W

20 mA

1 mA

0.1 M®Q
135V

165 °cl)

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.

temperatures.

1) Tube life and reliability of performance will be enhanced by operation at lower
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MAINTENANCE TYPE 5718

S.Q. 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
Mechanical quality
Base

Heating

Heater voltage
Heater current
Anode current

Mutual conductance

500 hours

Shock and vibration resistant
Subminiature

Indirect

A.C. or D.C., Parallel supply

V¢ 6.3.V

It 150 mA
I 13 mA
S 6.5 mA/V

DIMENSIONS AND CONNECTIONS
Base : Subminiature

Socket: B1 50681

Dimensions in mm

3
P>
2l

| min 36.1=1 L

i 8
20534

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 I 111
Heater voltage Ve 6.3 \'
Heater current I 150 | 138 - 162 mA
Anode voltage YV, 100 v
Cathode resistor Ry 150 Q
Anode current 1y 8.5 6- 11 mA
Mutual conductance S 5.8 14.8-6.8 A32:(;1C1;1x. mA/V
Internal resistance Ry 4.65 : k2
Amplification factor “ 27| 23~ 31 -
Anode voltage v, 100 \Y
Negative grid voltage —Vg max. 7 v
Anode current I, 100 A
Cut off voltage —Vg 7 \
Anode voltage Vs 100 \
Anode current I 10 HA
Anode voltage ¥, 150 Vv
Cathode resistor Ry 180 Q
Anode current I, 13 mA
Mutual conductance S 6.5 mA/V
Internal resistance Rj 4.15 kS2
Amplification factor 7 27 -
Negative grid current (Rk =380%2) —Ig max.0.4 | max.0.6 | A
Cut off voltage —Vg 11 v
Anode voltage V, 150 Vv
Anode current I 10 MA

December 1968
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5718

CHARACTERISTICS (continued)

I II 111

Leakage current between
cathode and heater Ik max. 10 | uA

Voltage between cathode and

heater = 100 V
Insulation between two electrodes Rins min. 50 | M
CAPACITANCES With external = yiphour shield

shield
, I I II

Anode to cathode and heater  Cg/if 2.4 0.7} 0.5 -~10.9 | pF
Grid to cathode and heater Cg/kf 2:4 2.2 | 1.6 -2.8 | pF
Anode to grid 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 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 500 hours:

Anode voltage Va = 100 V
Cathode resistor Rk = 130 @
Grid resistor Rg = 1 MQ
Voltage between cathode and heater (cath.neg.) Vg = 200 V
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5718

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va
Grid voltage —Vg
Anode dissipation W,
Anode current Iy

Grid current Ig

Grid resistor Rg
Voltage between cathode and heater Vit

Bulb temperature l)

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

Pbulb

max.

max.

max.

max.

max.

max.

max.

max.

165 V
55 V
3.3 W
22 mA
5.5 mA
1.2 MQ
200V
250 ©°C

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
Cathode resistor Ry
Anode current Ia
Mutual conductance S

As oscillator

Anode voltage Va
Anode current Iy

QOutput power Wo
Frequency i

1) In the interest of optimum life performance it is

(ZE1100)

150

0.9
500

150 Vv
180 @

13 mA
6.5 mA/V
v
mA

W
MHz

recommended to reduce the
bulb temperature by fixing the bulb directly to the chassis with a metal clamp.
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OPERATING CHARACTERISTICS (continued)
As A.F. amplifier Fig.1

Anode supply voltage Vi 100 200 100 200 100 200 V
Anode resistor R, 47 47 100 100 270 270 k2
Grid resistor Rg 270 270 270 270 270 270 k2
Grid resistor next stage Ry 100 100 270 270 470 470 k9
Cathode resistor Ry 1.0 0.82 2.2 1.8 8.2 5:6 k&
Input voltage Vi 0.5 1.0 0.5 1.0 0.5 1.0 Vpys
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 8.2 2.8 3.2 %
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MAINTENANCE TYPE

- 5725

S.Q. TUBE

Special quality pentode designed for use as R.F. amplifier.

QUICK REFERENCE DATA

Life test
Mechanical quality
Base

Heating

Heater voltage
Heater current
Sharp cut-off

Double control

1000 hours
Shock and vibration resistant

Miniature 7 pin

Indirect

A.C. or D.C.; parallel supply
5 6.3 V
If 175 mA

DIMENSIONS AND CONNECTIONS

Base: Miniature 7 pin

f 7204709

Dimensions in mm

7203690
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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 11 111
Heater voltage V¢ 6.3 v
Heater current I¢ 175 | 160 -190 mA
Anode voltage Va 120 A%
Grid No.2 voltage ng 120 \
Grid No.3 voltage '\/g3 0
Grid No.1 voltage —Vgl 2 Vv
Anode current Iy 5.212.5-9.0 mA
Grid No.2 current Ig2 3.5 | max.5.5 mA
Mutual conductance, grid No.l Sgl 3.212.5-4.5 ma;_\:szo% mA/V
Mutual conductance, grid No.3 SgS 0.47 mA/V
Internal resistance Rj 150 k2
Negative grid No.l current -Ig1 max.0.1 | max. 0.2 | uA
Anode voltage Va 120 v
Grid No.2 voltage Vg2 120 v
Grid No.3 voltage —Vg3 3 ¥
Grid No.1 voltage —‘\/gl 2 \%
Anode current Iz 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
Grid No.2 voltage ng 120
Grid No.3 voltage —Vg3 a A%
Grid No.l voltage —Vgl 2 A%
Mutual conductance, grid No.3 SgB 1:2.) ©.7=1.7 mA/V
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CHARACTERISTICS (continued) I I 111
Cut -off voltage —Vgl 8 Vv
Anode voltage V, 120 v
Grid No.2 voltage Vo 120 Y
&2
Grid No.3 voltage Vg3 0 v
Anode current Iy max. 50 KA
Cut -off voltage —VgL 6 A%
Anode voltage V, 120 A%
Grid No.2 voltage Vi, 120 \
Grid No.3 voltage Vg3 0 Vv
Anode current Iy min. S MA
Cut -off voltage —\/'gl 3 \Y%
Vga 5B A%
Anode voltage vV, 120 W
Grid No.2 voltage Vg, 120 A%
Anode current I, min. 5 MA
Cut -off voltage —Vgl 3 Vv
-V g3 10 A%
Anode voltage Va 120 Vv
Grid No.2 voltage Vg,) 120 A%
Anode current Ia max. 50 HA
Cut -off voltage —Vgl 2 \Y%
-Vg2 15 \Y
Anode voltage Va 120 v
Grid No.2 voltage ng 120 Vv
Anode current I 10 HA
Leakage current between
cathode and heater Ikt max. 10 | max. 10 | uA
Voltage between cathode and
heater Vig = 100 V

Cathode negative
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CHARACTERISTICS (continued) I I

Vibrational noise \Y max.150 | mV
Anode voltage V, = 120V -
Grid No.2 voltage Vg, = 120 V
Grid No.1 voltage —V—gl =2V
Grid No.3 voltage Vgs =0V
Anode resistor R, = 10 k@
Vibration frequency = 50 Hz

Acceleration =10g

CAPACITANCES With external screen
Anode to grid No.3, grid No.2,

cathode, heater and screen Ca/g‘,sgzkfs 3.0] 2.6-3.4 | pF
Grid No.1 to grid No.3, grid No.2,

cathode, heater and screen Cgl/gsgzkfs 4.0 3.5-4.5 | pF
Grid No.! to grid No.3 Cg1g3 max. 150 | mpF
Anode to grid No.1 Cagl max. 20 | mpF

Grid No.!1 to grid No.3, grid No.2,
cathode, heater and screen

Ut
9}

o
T

Cg1/g382kts
Cathode current [} = 12 mA

Frequency = 100 MHz

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.
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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 ng max. 155 V
Grid No.3 voltage Vg3 max. 30 V
Anode dissipation W, max. 1.85 W
Grid No.2 dissipation Wgz max. 0.85 W
Cathode current I max. 20 mA
Voltage between cathode and heater Vs max. 100 V
Grid resistor with fixed bias Rgl max. 1 MQ
Bulb temperature thulp Mmax. 165 %
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OBSOLESCENT TYPE 5726

S.Q. DOUBLE DIODE

Special quality double diode designed for use as detector or low-current power
rectifier.

QUICK REFERENCE DATA

Life test 1000 hours
Mechanical quality Shock and vibration resistant
Base Miniature 7 pin
Heating Indirect

A.C. orDiC.

Series or parallel supply
Heater voltage Vs 6.3 V
Heater current If 300 mA
Diode current Ig 10 mA
Inverse peak voltage vap ' 360 V

DIMENSIONS AND CONNECTIONS

Base: Miniature 7 pin Dimensions in mm

Jnax 19
|

max 38.1
max44.5

d

f 7203754

7203753
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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 11
Heater voltage V¢ 6.3 Vv
Heater current Ie 300 275 - 325 | mA
Diode current Iq min. 40| mA
Diode voltage Vd 10 Vv
Diode current Lio 2- 20| pA
Diode voltage V4 0 Vv
Series resistor R 40 k&2
Difference in diode current lId-Id'I max. S| HA
Diode voltage V4 0 \Y
Series resistor R 40 kQ
Leakage current between
cathode and heater Ixs max. 10| uA
Voltage between cathode and
heater Vi = 100 V
Insulation resistance between
two electrodes Rinsg min., 100 [ M2
Voltage between electrodes = 300 V
Resonant frequency 700 MHz
CAPACITANCES
Diode to cathode heater and screen Cd/k_fs 3.2 2.4 - 4| pF
Cathode to diode heater and screen Ck/d.fs 3.9 3.1 -4.7|pF
Diode No.1 to diode No.2 Cdldr; max.0.026 | 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.

December 1968
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Shock

The tube is subjected 5 times in each of 4 positions to an acceleration of 700 g
supplied by an NRL shock machine with the hammer lifted over an angle of 459,

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.
Diode current Ig max.
Diode peak current Idp max.
Peak voltage between cathode and heater Vk_fp max.
Bulb temperature thulb max.

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

Variations of the heater voltage exceeding the range of 5.7

7.0 V will shorten the tube life.

OPERATING CHARACTERISTICS

As full wave power rectifier

360
10
60

360

A.C. supply voltage Vir 2x 165
Capacitance C 8
Series resistor per diode Rg 300
Load resistor R1 11
D.C. current Iy min. 16
As half wave rectifier (per system)

A.C. supply voltage Vir 117
Capacitance C 8
Series resistor Rg 300
D.C. current Iy 9

v
mA

mA

Sl

V to

VRMS

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 Vs 6.3 V

Heater current If 150 mA

Mutual conductance S 5 mA/V

Anode current Iy 7.5 mA
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Subminiature

max 1016
Ty

a k, g 3 7204025 7203734

Leads should not be soldered nearer than 5 mm to the seal

Leads should not be bent nearer than 2 mm to the seal.

December 1968 1




5840

CHARACTERISTICS

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

I 11 111

Heater voltage V¢ 6.3 A%
Heater current I¢ 150 | 140 - 160 mA
Anode supply voltage Vha 100 Vv
Grid No.2 supply voltage ngz 100 A%
Cathode resistor Ry 150 Q
Anode current Iy 749 | 9:5<9.85 mA
Grid No.2 current Ig, 2.4 1.5-3.3 mA
Mutual conductance S 5| 4.2-5.8 | min. 3.5 | mA/V
Internal resistance ; Rj 260 | min. 175 k2
Negative grid No.1l current —Ig1 max.0.3 | max.0.8 | uA
Cut -off voltage —Vgl 9 \%

Anode voltage Va 100 A%

Grid No.2 voltage Vg, 100 A%

Anode current Iy . 10 | max. 50 HA

Leakage current between
cathode and heater Tkt max. S5 | max. 10| uA

Voltage between cathode and
heater V¢ = 100 V

Vibrational noise output VO max. 60 mVRMS

Anode supply voltage Vpha =100 V

Grid No.2 supply voltage Vhg, =100V
Cathode resistor R = 150 2

Anode resistor Ry = 10 k2

Cathode by -pass capacitor Ck =1000uF
Vibration frequency = 50 Hz

Acceleration = 15 g

Insulation resistance
a toallat V=300V Ring min. 100 MQ
gy toallat V=100 V Ring min. 100 M2

2 December 1968
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CAPACITANCES With external| Without
screen external shield
I 1II I II

Anode to grid No.2, cathode,

heater and screen Ca/gzkfs 3.412.9-3.9] 1.9 pF
Grid No.1 to grid No. 2,

cathode, heater and screen Cgl/ggkfs 4.213.5-4.9] 4.0 pF
Anode to grid No.1 Cagl 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 30°.
Vibration

The tube is subjected during 32 hours in each of 3 positions toa 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 ng? 100
Cathode resistor Rk 150 @

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va, max. 330 V
Va max. 165 V
Grid No. 2 voltage ngo max. 330 V
ng max. 155 V
Anode dissipation W, max. 1.1 W
Grid No. 2 dissipation Wg,) max.0.55 W
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LIMITING VALUES (continued)

Cathode current Ik max. 16.5 mA
Grid No.1 voltage _Vgl max. 955 V
Voltage between cathode and heater Vit max. 200 V
Grid No.1 resistor Rgl max. 1.1 MQ

Bulb temperature thulb max. 220 ©C

OPERATING CHARACTERISTICS Fig.1

Supply voltage v 100 150 100 150 100 150 V

Anode resistor Ry 100 100 270 270 470 470 k@2
Grid No. 2 resistor Rg2 0.22 0.27 0.68 0.82 1.2 1.5 k@
Grid No. 1 resistor Rgl' 0.27 0.27 0.47 0.47 1.0 1.0 MQ

Total distortion
(Vi = 0.1 VRMS) diot 2.8 1.5 2.5 2.4 2.3 3.0 %

Voltage gain
(Vi = 0.1 VRMS) Vo/Vi 82 115 95 132 117 167

Total distortion
(+Igl:0.3uA) diot 4.9 4.8 4.7 4.9 5.0 4.8 9

Voltage gain
(Hg, = 0.3 pA) Vo/Vi 77 109 91 128 114 159

Input voltage

(g, = 0.3 uA) Vi 0.23 0.2 0.15 0.16 0.14 0.14 Vgys
OVb
Rq= R

az PZ oonF

ik Vo
001uF

V,O—II—W

So2mMa

Fig.1

0
[le}
AAMA
VWWy

7204751
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OBSOLESCENT TYPE o 5899

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 V¢ 6.3 V
Heater current Ig 150 mA
Anode current Iz 7.2 mA
Mutual conductance S 4.5 mA/V

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Subminiature

max 349 |

—

min361 |

a k. 93 7204025

7203734

Leads should not be soldered nearer than 5 mm to the seal
Leads should not be bent nearer than 2 mm to the seal
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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 11 111

Heater voltage Vi 63 \%
Heater current If 150 | 140-160 mA
Anode voltage ¥V 100 \Y%
Grid No.2 voltage ng 100 Vv
Cathode resistor Ry 120 Q
Anode current I T2 | §.2=9.2 mA
Grid No.2 current Ig2 2.0 1.0=3,0 AS o mA
Mutual conductance S 4,5] 3.8-5.2 259, | mA/V
Internal resistance R 260 | min.175 k2
Negative grid No.l current —Igl max.0.3 | max.0.8| pA
Mutual conductance S 25 1- 75 HA/V

Grid No.1 voltage —Vgl 14 A%
Leakage current between
cathode and heater Ie max. 5 | max. 10| pA

Voltage between cathode and

heater Vis =100 V
Insulation resistance between

electrodes Ring min. 100 MQ
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CHARACTERISTICS (continued)

I II

Vibrational noise output Vo max. 60 mVRMS

Anode supply voltage

Vpa = 100 V

Grid No.2 supply voltage

ng2 =100 V

Cathode resistor Ry = 120 Q

Anode resistor R, = 10 kQ

Grid No.l resistor Rgl =1 MQ

Cathode bypass capacitor

Cy = 1000 uF

Vibration frequency = 50 Hz

Acceleration =15g
CAPACITANCES With external shield
Anode to grid No.2, cathode

heater and screen Ca/gzkfs 3.4 2.9-3.9 pF
Grid No.!1 to grid No.2, cathode

heater and screen Cgl/gzkfs 4.2 3.8-4.8 pF
Anode to grid No.1 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 VvV
Grid No.2 voltage ng 100V
Cathode resistor Rk 120 @

LIMITING VALUES (Absolute max. rating system)

Anode voltage V, max. 165 V

Grid No.2 voltage Vg2 max. 155 V
Anode dissipation Wy max 1.1

Grid No.2 dissipation Wg2 max. 0.355 W
Cathode current Ik max. 16.5 mA
Voltage between cathode and heater Ve max. 200 V

Grid No.1 resistor Rgl max. 1.2 MQ
Bulb temperature thulb max. 220 ©C
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OBSOLESCENT TYPE - 5902

S.Q. TUBE

Special quality pentode designed for use as A.F. power output tube.

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 Ve 6.3 V
Heater current If 450 mA
Anode current I 30 mA
Output power Wy 1.0 W
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Subminiature

3
Q
>
jB
3

/\‘
|
~\
[}
<t
<
<
3¢
s}
E

=

a k’ g3 7204025

7204047

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.
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5902

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 11 II1
Heater voltage V¢ 6.3 Vv
Heater current I¢ 450 | 420 - 480 mA
Anode voltage Va 100 Vv
Grid No.2 voltage ng 100 Vv
Grid No.1 voltage —Vgl 9 A%
Anode current Iy 30 mA
Grid No.2 current Igz 2.2 mA
Mutual conductance S 4.2 mA/V
Anode supply voltage Vba 109 Y%
Grid No.2 supply voltage ngz 109 v
Cathode resistor Rk 270 Q
Anode current Ia 30 23 - 37 mA
Grid No.2 current Ig2 2.2 | max. 4.0 mA
Mutual conductance S 4.2 1 3.5-4.9 mA/V
Internal resistance Rj 15| min. 10 k@
Negative grid No.1 current —Igl 1 2| nA
Output power Wo 1.0 | min.0.75 AW% :Sglax, W
Load resistance Ra\, =3 kQ o
Leakage current between
cathode and heater Is max. 15| max. 60 | uA
Voltage between cathode
and heater Viy = 100 V

December 1968



5902

CHARACTERISTICS (continued)

Vibrational noise output

Anode supply voltage Vp, = 110V

Grid No. 2 supply voltage ngz =110V
Cathode resistor Rk = 270 Q

Cathode by-pass capacitor Cy = 1000 pF
Anode resistor Ry = 2 k2

Vibration frequency = 50 Hz

Acceleration = 15 g

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

Grid No.1 to grid No. 2 cathode,
heater and screen

Anode to grid No.1

SHOCK AND VIBRATION RESISTANCE

| n |
Vo | max. }00 |mVRMS
I II
Ca/g21ds 7:2 | 6.9-8 pF
Cgl/gzkfs 6.5 | 887 pF
Cagl max. 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 309,

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 VvV
Grid No.2 supply voltage ngz 109 Vv
Cathode resistor Rk 270 @

LIMITING VALUES (Absolute max. rating system)

Anode voltage v a, max, 330
Va max. 165 V
Grid No. 2 voltage Vg20 max. 310 V
ng max. 155 V
Grid No. 1 voltage —Vgl max. 55 V
Anode dissipation W, max. 4 W
Grid No. 2 dissipation Wg,) max. 1 W
Cathode current Ik _ max. 50 mA
Peak voltage between cathode and heater Vit max. 200 V
Grid No. 1 resistor, fixed bias Rgl max. 0.1 MQ
automatic bias Rgl max. 0.35 MSQ
Bulb temperature thulb max. 220 °C
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OBSOLESCENT TYPE e 6021

S.Q. TUBE

Special quality double triode designed for usec as R.F. amplificr and oscillator.

QUICK REFERENCE DATA

Life test
Mechanical quality
Base

Heating

Heater voltage
Heater current
Anode current

Mutual conductance

1000 hours

Shock and vibration resistant
Subminiature

Indirect

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

Vg 6.3 V

Ig 300 mA

Iy 6.5 mA

S 5.4 mA/V

DIMENSIONS AND CONNECTIONS

Dimensions in mm

max 34.9

>

min38.1
-4

RUALE

720072 7203728

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:
III Range values for equipment design:

Initial spread

End of life

I 1II III
Heater voltage Vg 6.3 \Y
Heater current Ig 300 | 280 - 320 mA
Anode voltage Vg 100 \Y
Cathode resistor Ry 150 Q
Anode current Ia 6.5 4.5 - 8.5 mA
Difference in anode current
of both systems | I-1a' I max, 1.6 mA
Mutual conductance S 5.4 | 4.45 - 6.35 ASQ:SH?X' mA/V
Amplification factor M 35| 30 - 40 “
Internal resistance R; 6.5 k2
Cut-off voltage —Vg max., 6.5 AY
Anode voltage V4 100 v
Anode current I, 100 HA
Negative grid current —Ig max. 0.3 | max. 1.0 | pA
Anode voltage Vv, 150 v
Cathode resistor Rk 300 Q
Grid resistor Rg 1 MQ
Leakage current between
cathode and heater Tt max. 5| max. 10 | pA
Voltage between cathode
_and heater Vg = 100 V
Insulation resistance between
two electrodes Ring min. 100 | min. 50 | M@

Voltage between
electrodes = 100 V
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6021

CHARACTERISTICS (continued)

I II I

Vibrational noise output Vo max, 3§ mVRMS

Anode supply voltage Vp,y = 100 V

Anode resistor Ry = 10 k2

Cathode resistor Rg = 150 €2

Cathode by pass capacitor C = 1000 uF

Vibration frequency = 40 Hz

Acceleration = 15 g
CAPACITANCES
Grid to cathode and heater ‘ Cg/ki‘ 2.4 { L.8 = 3.0 pF
Anode to cathode and heater Ca/ks |0.28 | 0.20 - 0.36 pF

Ca'/x's 0.32 | 0.22 -0.42 pF

Anode to grid Cag Le§ | d:2 = 1.8 pF
Grid to grid other section Cgg! max. 0.013 : pF
Anode to anode other section 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 2.5 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 Va =100V
Cathode resistor R =130 @2

Voltage between
cathode and heater Vi¢ = 200 V
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LIMITING VALUES (Absolute max. rating system)

Anode voltage Vag max. 330V
Anode voltage V, max. 165 V
Anode dissipation Wa max. 0.7 W
Anode current Iy max. 22 mA
Grid voltage -Vg max. 55V
Grid current Ig max. 5.5 mA
Grid resistor " Rg max. 1.1 M€
Voltage between cathode and heater

d.c. or peak value Vit max. 200V
Bulb temperature tiulb 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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OBSOLESCENT TYPE — 6080

S.Q. 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 Vg 6.3 V
Heater current I 2:5 A
Anode current I 100 mA (each section)
Mutual conductance S 6.5 mA/V
Internal resistance R 300 Q@
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Octal

:

-9
g’ 1 §‘ 5‘
k ~J k' £ 3
9‘ (& JE
A& g,
g - _max43.5 | “
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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

1 I
Heater voltage Vg 6.3 Vv
Heater current Ig 2.8 |2.26-2.74 | A
Anode voltage Va 100 A
Cathode resistor Ry 300 Q
Anode current I 100 mA
Mutual conductance S 6.5 mA/V
Amplification factor " 2
Internal resistance Rj 300 Q
Anode supply voltage Vha 135 v
Cathode resistor Rk 250 Q
Anode current Ly I, 125 100 - 150 | mA
Mutual conductance S 7.0 5.8- 8.2 | mA/V
Amplification factor “ 2.0 1.4- 2.6
Internal resistance R; 280 Q
Negative grid current —Ig max. 4.0 |pA

(g connected to g")

1y Max. duration 1 s

Operation with W, and I, at the absolute maximum limiting values.
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6080

CHARACTERISTICS (continued) 1 I

Vibrational noise output Vo max. 0.2 | VRs

Two sections in parallel

Anode supply voltage Vi, = 135 V
Grid voltage —Vg =7V

Anode resistor Ry = 2 k2

Vibration frequency = 25 Hz

Acceleration = 2.5 g

CAPACITANCES Each system if applicable

Anode to grid Cag 8.6 pF
Anode to cathode and heater Ca/kf 249 pF
Grid to cathode and heater Cg/kf 5.5 pF
Cathode to heater Cys 7 pF
Anode to anode other section Caa? 2.2 pF
Grid to grid other section ngv 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 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 25 Hz with an acceleration of 2.5 g.

LIFE

Production samples are tested during 500 hours.
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LIMITING VALUES (Absolute max. rating system)

Anode voltage Vag 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 usec
Cathode current Iy max. 125 mA
Grid peak voltage -V
Duty factor max. 0.15

Pulse duration max. 10 usec

Anode dissipation Wa max. 13 W
Voltage between cathode and heater, peak kap max. 300 V
Grid resistor ~ Automatic bias Rg max. 1.0 MQ
Fixed bias Rg max. 0.1 MQ l)
Bulb temperature thulb max. 260 ©°C

l) 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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OBSOLESCENT 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 Vi 6.3 V
Heater current I¢ 300 mA
Anode current I, 8.5 mA
Mutual conductance S 5 mA/V
DIMENSIONS AND CONNECTIONS Dimensions in mm
max 1016
-
ol
X
™
>
S
E

o

min36 |
pin36.

7203734

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.
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6111

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 111

Heater voltage Ve 6.3 Vv
Heater current Ig 300 | 280 - 320 mA
Anode voltage Va 100 v
Grid voltage —Vg 159 \Y%
Anode current L 8.5 mA
Mutual conductance S 5 mA/V
Amplification factor M 20 17- 23
Internal resistance R; 4 kQ
Anode voltage vV, 100 AY
Cathode resistor Ry 220 Q
Anode current I 8.5(6.0- 11 mA
Difference in anode

current of two sections IIa—Ia'l max. 2 mA
Mutual conductance S 514.1-5.9| min. 3.5 | mA/V
Negative grid current -Ig max.0.3 | max.1.0 | A
Cut -off voltage —Vg 9 v

Anode voltage Vy 100 A%

Anode current Ia max. 100 KA
Leakage current between
cathode and heater Ikt max. O | max. 10 |puA

Voltage between cathode
and heater Vi¢ = 100 V
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6111

CHARACTERISTICS (continued)

Vibrational noise output v I max .H 50 | mVRMS

Anode supply voltage Vpy = 100 V

Cathode resistor Ri = 220 Q

Anode resistor R, = 10 k&

Grid resistor Rg =0.1 MQ

Cathode by -pass capacitor Cy = 1000 uF

Vibration frequency = 50 Hz

Acceleration = 15 g
CAPACITANCES
Anode to cathode and heater Ca/kf 0.28 0.2-0.36 | pF

Ca'/k't | 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 ng' 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 conditionsare not intended to be used asnormal 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 subjceted 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 Va 100V
Cathode resistor Rk 220 R
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LIMITING VALUES (Absolute max. rating system)

Anode voltage Vao max. 330 V
V, max. 165 V
Grid voltage - +Vg max. 0 V
—Vg max. 55 V
Grid current Ig max. 5.5 mA
Anode dissipation Wy max. 1.1 W
Cathode current Ik max. 22 mA
Peak voltage between cathode
and heater kap max. 200 V
Grid resistor Rg max. 1 MQ
Bulb temperature thulp max. 220 ©°C

4 December 1968



MAINTENANCE TYPE = 6189

S.Q. TUBE

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

QUICK REFERENCE DATA

Life test
Mechanical quality
Base

Heating

Heater voltage
Heater current
Anode current

Mutual conductance

1000 hours
Shock and vibration resistant
Noval

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

v 6.30r 12.6 V

¢
If 300 or 150 mA
Iy 11.8 mA
S 3.2 mA/V

DIMENSIONS AND CONNECTIONS

Base: Noval

Dimensions in mm

max 49.2

max55.6
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6189

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 111
Heater voltage (pin 9 and 4+ 5) Vi 63 Y
Heater current L¢ 300 | 276- 324 mA
Heater voltage (pin 4 and 5) Vi | 12.06 v
Heater current If 150 mA
Anode voltage Vg 100 y
Grid voltage —Vg 0 V
Anode current I, 11.8 mA
Mutual conductance S 3.2 2.5- 4.0 mA/V
Amplification factor I 19.5
Internal resistance R;j | 6.25 k2
Anode voltage Vs 250 Vv
Grid voltage Vg 8.9 A%
Anode current Ty 10.5 6.5-14.5 mA
Mutual conductance S 2.2 1.8- 2.6 |min. 1.5 | mA/V
Amplification factor H“ 17 [15.5-18.5
Internal resistance R PT k2

Negative grid current —Ig max. 0.5 |max.0.5| A
Cathode peak current Ikp min. 400 mA
Anode voltage Va 250 A%
Grid voltage Vg 55 V
Cut-off voltage —Vg 25 A%
Anode voltage Vg 250 \%

Anode current L max. 20 HA
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6189

CHARACTERISTICS (continued)

Leakage current between
cathode and heater Ik max. 5 |max. 5| uA

Voltage between cathode
and heater Vif = 100 V

Vibrational noise output v max. 100 mVRMS

Anode voltage V, = 250 V
Grid voltage -Vg =8.5V
Anode resistor Ry = 2 k2
Grid resistor Rg =0.1 MQ
Vibration frequency = 50 Hz

Acceleration = 10 g

CAPACITANCES

Anode to cathode and heater Ca/kf 0.

w

0.3- 0.7 pF
0.2- 0.6 pF
1.25-1.95 pE

Ca'/k't | O-
Grid to cathode and heater Cg/kf 1s

(@2 B N S

Anode to grid Cag 1.2~ 18 pF

SHOCK AND VIBRATION RESISTANCE

The following test conditions are applied to assess the mechanical quality of the
tube. These conditionsare 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.
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LIFE

Production samples are tested to be within the end
under the following conditions during 1000 hours.
Anode voltage vV, 250

Grid voltage —Vg 8.5

LIMITING VALUES (Absolute max. rating system)
Anode voltage
Anode dissipation
Cathode current
Grid resistor: fixed bias
automatic bias
Voltage between cathode and heater

Bulb temperature

of life values (column III)

a
Wy
Ik

g1
81
Vif
thulb

max. 330 V

max. 22 mA
max. 0.5 MQ
max. 1.0 MQ
max. 110 V

max. 165 °C

7201943 [fahi
. N N 0 D D A A O 6 O
T j# ) O O O I
30—+ |
T
ENES NN
IUAH%‘ ! ‘FL,
A
EPRNREEE
20»* IR
HH

eI

7k4» | l s ri‘ * -
0 | L 1
0
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MAINTENANCE TYPE . 6201

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. ox D.C.

Parallel or series supply
Heater voltage Vs 6.30r12.6 V
Heater current If 300 or 150 mA
Anode current Iy 10 mA
Mutual conductance S 5.5 mA/V

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max 49.2
~ max55.6

\

7203450
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6201

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 1T 111

Heater voltage (pin 9 and 4 + 5) V¢ 6.3 v
Heater current I¢ 300 mA
Heater voltage (pin 4 and 5) V¢ 12.6 A%
Heater current It 150 | 138 - 162 mA
Anode voltage Va 100 Y
Cathode resistor Rk 270 Q
Anode current Iy s mA
Mutual conductance S 4.0 mA/V
Internal resistance Ry 14.3 k@2
Amplification factor M 57
Cut-off voltage —Vg 5! Vv

Anode voltage Va- 100 A

Anode current Iy 10 HUA
Anode voltage Va 250 v
Cathode resistor Rk 200 Q
Anode current Ia 10 7 - 14 mA
Mutual conductance S 5.5| 4.5-6.5| min. 3.8 | mA/V
Internal resistance Rj 10.9 kQ
Amplification factor u 60 50 - 70
Difference in anode current

of two systems ' Iy —Ia" max. 3.2 mA
Negative grid current —Ig max. 0.7 | max.0.7 | uA
Cut -off voltage —Vg 12 \Y

Anode voltage Va 250 \Y

Anode current Iy 10 HA
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6201

CHARACTERISTICS (continued) I II 111

Cut -off voltage -V 20
Anode supply voltage V4 = 250 V \%
Anode resistor Ry = 0.1 MQ2 R, 0.1 MQ

Anode current I; = max. 100 uA Ia max. 100 MA

Vibrational noise output Vo max. 100 mVRMS

Anode supply voltage Vpa = 200 V
Grid voltage -Vg =3 V

Anode resistor Ry = 2 k§2

(two sections in parallel)
Vibration frequency 25 Hz

Acceleration 2.5 g

Leakage current between
cathode and heater Ik max. 10 | max. 10 | uA

Voltage between cathode and
heater Vif = 100 V

Insulation resistance between
grid and cathode (V = 100 V) Rins min. 100 | min. 50 | M2

anode and cathode (V = 300 V) Ring min. 100 | min. 50 | MQ2

CAPACITANCES (Both sections if applicable)

Without external shield I 11
Anode to grid Cag 1.6 1.3 = 1.9 |pE
Grid to cathode and heater Cg/kf 2.5 2.0- 3.0 |pF
Anode to cathode and heater Ca/kt 0.45 0.2- 0.7 |pF
Ca'/k's 0.38 | 0.16 - 0.60 | pF
Cathode to heater Cyt 2.8 2.1 - 3.5 |pF
Anode to anode other section Caa' (.24 10,15 ~0.33 | pF
Cathode to grid and heater Ck/gf 5.0 pF
Anode to grid and heater Ca/gf 1.9 pF
Ca'/g's 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
Grid to cathode and heater Cg/kf
Anode to cathode and heater Ca/kf
Ca'/k'f
Cathode to heater Cis

With external shield connected to the applicable grid

Cathode to grid and heater Ck/gf

Anode to grid and heater C’a/gf

Anode to cathode Cak
Cark'

SHOCK AND VIBRATION RESISTANCE

1.6 pF
2.5 pF
1.2 pFE
1.3 pF
2.8 pF
5.0 pF
2.7 pF
0.18 pF
0.2 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 600 g
supplied by an NRL shock machine with the hammer lifted over an angleof 42°

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 Vpa = 230

Cathode resistor Rk = 200 @
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6201

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vag max. 600 V
Va max. 330 V

Anode dissipation Wa max. 2.8 W
Grid voltage -Vg max. 55 V
Grid current Ig max. 250 pA
Grid resistor, fixed bias Rg max. 0.25 MQ

‘automatic bias Rg max. 1.0 M@
Cathode current Ik max. 18 mA
Voltage between cathode and heater . Vit max. 100V
Bulb temperature hulp ~ Mmax. 200 ©C l)

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

:

Y
—e)

| 7204043

Vi

O

1) Tube life and reliability of performance willbe enhanced by operationat lower
temperatures.
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6201

OPERATING CHARACTERISTICS

As A.F. amplifier

Resistance of voltage source = 200

Anode supply voltage
Anode resistor

Cathode resistor

Grid resistor of next stage
Ouput voltage (deot = 5 %)

Voltage gain (Vo = 2 VRMS)

Anode supply voltage
Anode resistor

Cathode resistor

Grid resistor of next stage
Output voltage (dtot = 5%)

Voltage gain (Vo = 2 VRMS)

Anode voltage

Anode resistor

Cathode resistor

Grid resistor of next stage
Output voltage (dior = 5%)

Voltage gain (Vg = 2 VRMS)

Vha 90
Ra 0.1
Rk 1600
Rg' 0.1
Vo 2.3
Vo/Vi 26
Vpa 180
Ra 0.1
Ry 1100
Rg' 0.1
Vo 12
Vi, 300
Ry 0.1
Ry 1000
Rg' 0.1
Vo 22
Vo/Vi 32

90
0.1
1800

180
@=L
1400
0.24

33

300
g.1
1200

30
33

300
0.24
3300
0.24

34

90
0.24
4200
0.51

9.4

30

180

0.24
3300

33

300

2800
0.31

33

90
0.51
8000
Q.51

8.3

28

180
0.51
5600
0.51

18
31

300
0, 81
4900
0.31

31
33

90
0.31
9600

300
0..51
6000

1.0

38
33

v
M2

M@

VRMS

\Y
MQ

MQ

VRMS

MQ

M

VRMS

(o)}
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6201

OPERATING CHARACTERISTICS (continued)

Resistance of voltage source 100 k2

Anode supply voltage Vba 90 90 90 90 90 90 V
Anode resistor Ry 0.1 0.1 0.24 0.24 0.51 0.31 M®@
Cathode resistor Rk 2000 2400 4700 5300 9300 11000 €2
Grid resistor of next stage Rg* 0.1 0.24 0.24 0.31 0.31 1.0 M@
Output voltage (diot = 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 Ry 0.1 0.1 0.24 0.24 0.51 0.51 MQ
Cathode resistor Rk 1200 1400 2900 3600 6000 7100 €
Grid resistor of next stage Rg 0.1 0.24 0.24 0.51 0.51 1.0 M@
Output voltage (deot = 5 %) 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 M®
Cathode resistor R 900 1200 2300 2900 5000 6400
Grid resistor of next stage Rg! 0.1 0.24 0.24 0.51 0.51 1.0 M@
Output voltage (deor = 5 %) Vo 35 47 42 52 45 55 VRMS

Voltage gain (Vy = 2 VRms) Vo/Vi 33 33 34 34 33 34
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500
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7204038

400
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300

200

100

September 1974



6056 MAINTENANCE TYPE - 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
ALC. ot D.C.
Series or parallel supply

Heater voltage Ve 18V
Heater current If 100 mA
Anode current Ia 10 mA
Mutual conductance S 9 mA/V
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

]

£ 7z04010 7204009 v
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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 1I 111
Heater voltage Vf 18 A%
Heater current I¢ 100 | 95- 105 mA
Anode voltage vV, 210 Vv
Grid No. 3 voltage VgS 0 Vv
Grid No.2 voltage Vg2 120 A%
Cathode resistor Ry 165 )
Anode current L 10 8.7-11.3 | min. 7 | mA
Grid No.2 current Ig2 2.111.7- 2.5| min.1.25 | mA
Mutual conductance o} 917.8-10.2| min. 6.4 | mA/V
Internal resistance R; 0.5 | min. 0.3 MQ
Amplification factor Hgog) 38
Equivalent noise resistance
R.F. Req 750 | max.1000 @
A.F. (0 -10 kHz) Req max. 36 k22
Negative grid current -Igl max. 0.5 | max. 1.0 | KA
Cut-off voltage —Vg max.>.25 Vv
Anode voltage Va 210 \Y%
Grid No.3 voltage VgS 0 \
Grid No.2 voltage Vg, | 120 %
Anode current L, 0.5 mA
Hum voltage Vgl max. 0.5 mVRMS
Grid No.1 resistor Rgl =0.5 M@
Leakage current between
cathode and heater Ikt max. 20 UA
Voltage between cathode and

heater Vif = 100 V
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18042

CAPACITANCES
Anode to grid No.2, grid No.3, L 4

cathode and heater Ca/g,)q,jkfs 3.5 | max. 4.1| pF
Grid No.1 to grid No.2, grid No.3,

cathode, heater and screen Cgl/ggggkfs §.0 | max. 8.7| pF
Anode to grid No.1 Cagl max.0.015 | pF
Grid No.1 to heater Cglf max. 0.15] pF
Cathode to heater Ckf 4 pF
Grid No.1 to grid No.2, grid No.3,

cathode, heater and screen Cgl/gzggkfs 11.3 pF

Cathode current = 12.1 mA
Radiation capacitance:
Anode to surrounding box, inner

diam. 52 mm, height 98 mm Cya max.0.025 | pF
Grid No.1 to surrounding box, inner

diam. 32 mm, height 98 mm Cfg1 max.0.025 | pF

LIFE

Production samples are tested to be within the end of life values (column 11I)
during 10000 hours.

LIMITING VALUES Design centre rating system

Anode voltage Vao max. 550 V
V, max. 210 V
Anode dissipation W, max. 2.1 W
Grid No.2 voltage ngo max. 550 V
ng max. 210 V
Grid No.2 dissipation Wg2 max. 0.35 W
Cathode current Tk max. 16 mA
Grid No.l resistor (automatic bias) Rgl max. 1 M@
Voltage between cathode and heater Vkf max. 100 V
Bulb temperature thulb max. 170 ©C
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18042

LIMITING VALUES (continued)

Heater voltage: The average heater voltage should be 18 V.
Variations of the heater voltage exceeding the rangeof 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

Grid No.3 voltage

Grid No.2 supply voltage

Grid No.2 resistor
Cathode resistor
Anode current
Grid No.2 current
Mutual conductance
Internal resistance
Load resistance
Output power

Input voltage

Total distortion
Grid No.! current

Grid No. 1 resistor

120 210 Vv
0 0 vV
120 120 A
5.6 5.6 k2
180 180 Q
8.3 8.3 mA
i Wy 1.7 mA
8.2 8.2 mA/V
0.42 0.44 MQ
10 20 k2
340 400 50 660 870 50 mWw
1:1 - wa L1 - 0.25 VRMS
10 - - 10 - - %
- 0.3 - Q.3 - MA
- 0.33 = - 10.33 - MQ
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MAINTENANCE TYPE o 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 Vg 18 V
Heater current Iy 130 mA
Anode current I 20 mA
Output power, Class A W, I W

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max 61

~max 67

-

720398
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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 11 11
Heater voltage Vg 18 A%
Heater current Iy 130 | 123 - 137 mA
Anode voltage Va 210 Vv
Grid No.3 voltage Vg3 0 v
Grid No.2 voltage Vg2 210 Vv
Cathode resistor Ry 120 Q
Anode current I 20 17- 23| min. 13.5| mA
Grid No.2 current Ig? 5.3 {4.1- 6.5 | min. 3.1| mA
Mutual conductance S i 11 ]19.5-12.5| min. 7.8 | mA/V
Internal resistance Ry 0.3 | min. 0.2 N2
Output power Wy 1.0 | min. 0.7 W
Load resistance Ry =15k$2
Total distortion dege = 5%
Total distortion at W,=0.1W  diot 1.2 | max. 2 %
Amplification factor “ngl 36
Equivalent noise resistance Req 1.2 kQ2
(R.F.)
Negative grid current —Igl max. 0.5| max. 1.0 uA
Cut-off voltage —Vgl max. 8.5 A%
Anode current Iy 0.5 mA
Hum voltage Vgl max. 0.2 mVens
Rgl = 0.5 M2
Heater centre earthed
Insulation resistance between
two electrodes Ring min. 100 M2
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18045

CHARACTERISTICS (continued)

Leakage current between ! -
cathode and heater Ixf max. 24 | uA

Voltage between cathode and

heater Vig =120V
Cathode heating time 16 | max. 22 | sec
Cathode cooling time 15 | min. 7 | sec
CAPACITANCES
Anode to grid No2, grid No.3,

cathode, heater and screen Ca/gogskfs 6.5 | 5.8~ 7.2 | pF
Grid No.1 to grid No.2, grid No.3,

cathode, heater and screen Cg1/gogskfs 11.2 | 10-12.4 | pF
Grid No.1 to grid No.2, grid No.3,

cathode, heater and screen Cg1/gog3kss 4.3 pF

Cathode current I} = 25 mA
Anode to grid No.1 Cag, max.0.02 | pF
Grid No.1 to heater Cgf 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.1 to

surrounding box, inner dia. 52 mm,

height 98 mm Crg, max.0.12 | pF

LIFE

Production samples are tested to be within the end of life values (column III)
during 10000 hours.
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18045

LIMITING VALUES (Design centre rating system)

Anode voltage

Anode dissipation

Grid No.2 voltage

Grid No.2 dissipation

Cathode current

Voltage between cathode and heater
Bulb temperature

Grid resistor, automatic bias

fixed bias

OPERATING CHARACTERISTICS
As pre-amplifier
Anode voltage

Grid No.3 voltage
Grid No.2 voltage
Cathode resistor
Anode resistance
Anode current

Grid No.2 current
Mutual conductance
Internal resistance

Voltage gain

Va
Va
Wa
v

Veo

W,

(0]

g2,

N
Vit
thulb

Rgl

Rgl

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

210

210
180
20

>

10

o
S

ut
—
ut

M2
MQ

mA
mA/V
MQ

Neper
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18045

OPERATING CHARACTERISTICS (continued)

As output tube class A

Anode voltage Vq
Grid No.3 voltage Vi
J
Grid No.2 vol \Y
rid No.2 voltage g9
Cathode resistor Ry
Anode current Li
Grid No.2 current Igz
Mutual conductance S
Internal resistance Ry
Anode resistance RaN
Input voltage Vi
Output power W,
Total distortion diot

I
.
1
1
]

TT11.h T L, 15 O
(MA)—SfA :

40 ,"77“ ‘ \%‘

30HH A+ e Ema:

Y

20 i

LA AT HH

i

j ] L,
i

1
0 50 100 150 200 250
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18045 ”
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OBSOLESCENT TYPE o TH71 TH73
: TH75

THERMOCOUPLES

Indirectly heated thermocouples in subminiature construction.

DIMENSIONS AND CONNECTIONS

yellow
sleeve

(f\

——= 3
= F) blue I -1
i sleeve 410 - &
4F_T_T‘rﬁlrﬁ37 N\l 25 e
yellow h length of S

7204768 Sleeve sleeves

CHARACTERISTICS AND LIMITING VALUES (Absolute max. rating system)

TH71 TH73 TH75

Heater current Iy 0to 1510 to75]0 to 300 | mA
Heater current 1) I Oto 5[01to 200 to 100 ]| mA
Heater current at E =12mV Iy 10 40 200 | mA
Heater current (T =max. 1lm) Iy max. 20 100 350 [ mA
Heater resistance R¢ 68 7.0 1.2
Resistance of thermocouple Ry 6.0 3.9 3.9 'R
Response time 2) T 10 10 10| s

at heater current If = 10 40 200 | mA
Heater to thermocouple

voltage V§/TH | max . 100 100 100 | V

by1n approximately this range V is proportional to the square of If
2) Time between the moment of switching on of Iy 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 THIL, TH3, THS 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 junction.

The "cold" welds are iron to copper and constantan to copper junctionsinside
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 madeé for the temperature of the
"cold" weld.
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TH71 TH73
TH75

7204 765 20.8.ga-gc-ge
! 114

B
HHHHHH e
t— V, :

E =f__ Rm_ HHHrrrrtr e e 71
+ 0= R Ry A
(mV) mTRTh , A
! S
ZQ— 1 i 8 O
SRR

10

1
U 5 N A U A S G O SO S S8 S
10 IgmA) 15 TH71
40 If(mA) 60  TH73
200 Ir(mA) 300 TH75
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"TH71 TH73
TH75
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INDEX

INDEX OF TYPENUMBERS

Type no. Section Type no. Section Type no. Section
C3m SO EC91 SO 6922 see E88CC
D3a SO EC1000 SQ 6977 see DM160
DM160 SO EC8010 SO 7062 see E180CC
ES5L SQ ECC2000 SQ 7119 see E182CC
E80CC SQ TH71,73, 75 M 7308 see E188CC
ESOCF sQ 6Q4 see EC80 7320 see E84L
E80F SQ 6R4 see EC81 7534 see E130L
E80OL SQ 12AX7S SQ 7643 see E8OCF
E81L SQ 5639 SQ 7721 see D3a
E82CC SQ 5654 SO 7722 see E280F
E83CC SQ 5718 SQ 1787 see E186F
E83F SQ 5725 SQ 7788 see E810F
E84L sQ 5726 SQ 8223 see E288CC
E86C SQ 5840 SQ 8233 see E55L
E88C SQ 5899 SQ 8254 see EC1000
E88CC SQ 5902 SQ 8255 see E88CC
E90CC SQ 5920 see E90CC 18042 SQ

E130L SQ 6021 SQ 18045 SQ

E180CC SQ 6080 SQ

E180F SQ 6084 see ESOF

E182CC SQ 6085 see E80CC

E186F SQ 6086 see 18042

E188CC SO 6111 SQ

E280F SO 6189 SQ

E282F SQ 6201 SQ

E283CC SO 6227 see E81L

E288CC 50 6681 see E83CC

E810F SO 6686 see ES1L

EC80 SQ 6688 see E180F

ECS81 SO 6689 see E83F

SQ = Special Quality tubes

M = Miscellaneous
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