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DATA HANDBOOK SYSTEM

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

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

ELECTRON TUBES (9 parts) BLUE

SEMICONDUCTORS AND INTEGRATED CIRCUITS (6 parts) RED

COMPONENTS AND MATERIALS (7 parts) GREEN

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

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

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

Part 1

Transmitting tubes (Tetrodes, Pentodes)

Part 2

Tubes for microwave equipment

Part 3
Special Quality tubes

Part 4

Receiving tubes

Part 5

Cathode-ray tubes
Photo tubes
Camera tubes

Part 6

Photomultipliers tubes
Channel electron multipliers
Scintillators
Photoscintillators

Part 7

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

Switching diodes

Part 8
T.V. Picture tubes

Part 9

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

March 1972

January 1972

Amplifier circuit assemblies

February 1972

March 1972

Miscellaneous devices

April 1971

May 1971

Associated accessories

June 1971
Radiation counter tubes
Semiconductor radiation detectors
Neutron generator tubes
Photo diodes
Associated accessories

July 1971
Thyratrons
Ignitrons
Industrial rectifying tubes
High-voltage rectifying tubes

August 1971

December 1971
Associated accessories



SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES;

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

Part 1 Diodes and Thyristors

General

Signal diodes

Variable capacitance diodes
Voltage regulator diodes
Rectifier diodes

Part 2 Low frequency; Deflection

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

Part 3 High frequency; Switching

General
High frequency transistors

Part 4 Special types

General

Transmitting transistors
Microwave devices

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

Part 5 Linear Integrated Circuits
General
Part 6 Digital integrated circuits
General

DTL (FC family)
TTL (F] family)
TTL (G] family)

February 1972

September 1971

Thyristors, diacs, triacs
Rectifier stacks
Accessories

Heatsinks

October 1971

Deflection transistors
Accessories

November 1971

Switching transistors
Accessories

December 1971

Photoconductive devices
Photodiodes
Phototransistors

Light emitting diodes
Infra-red sensitive devices
Accessories

February 1972
Linear integrated circuits

March 1972

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



COMPONENTS AND MATERIALS (GREEN SERIES)

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

Part 1  Circuit Blocks, Input/Output Devices, October 1971
Electro-mechanical Components *), Peripheral Devices

Circuit blocks 40-Series Input/output devices

Counter modules 50-Series Electro-mechanical components *)

Norbits 60-Series, 61-Series Peripheral devices

Circuit blocks 90-Series

Part 2 Resistors, Capacitors December 1971
Fixed resistors Paper capacitors and film capacitors
Variable resistors Electrolytic capacitors

Non-linear resistors Variable capacitors

Ceramic capacitors

Part 3 Radio, Audio, Television February 1972
FM tuners Audio and mains transformers
Coil assemblies Television tuners,aerial input assemblies
Piezoelectric ceramic resonators Components for black and white television
and filters Components for colour television
Loudspeakers Deflection assemblies for camera tubes
Part 4 Magnetic Materials, Piezoelectric Ceramics April 1971
Ferrites for radio, audio Ferroxcube potcores and square cores
and television Ferroxcube transformer cores
Small coils, assemblies and Piezoxide
assembling parts Permanent magnet materials
Part 5 Memory Products, Magnetic Heads, Quartz Crystals, June 1971
Microwave Devices, Variable Transformers
Ferrite memory cores Quartz crystal units, crystal filters
Matrix planes, matrix stacks Isolators, circulators
Complete memories Variable mains transformers

Magnetic heads

Part 6 Electric Motors and Accessories, August 1971
Timing and Control Devices

Stepper motors Small d.c. motors

Small synchronous motors Tachogenerators and servomotors

Asynchronous motors Indicators for built-in test equipment

Part 7 Circuit Blocks September 1971

Circuit blocks 100kHz Series Circuit blocks for ferrite core

Circuit blocks 1-Series memory drive

Circuit blocks 10-Series

*) From October 1971 published in Part 1 instead of Part 5.
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GENERAL OPERATIONAL
RECOMMENDATIONS SPECIAL QUALITY TUBES

1. GENERAL

Deviations from these directives will be stated on the individual data sheets.
If applications are considered not referred to in the data of the relevant tube
type extra care should be taken with circuit design to avoid that the 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.

2. NOMINAL AND SPREAD VALUES OF TUBE CHARACTERISTICS

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

With 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.

3. SPREAD AND VARIATION OF OPERATING CONDITIONS

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

3.1 Spread. Spread of a parameter value will result in individual values perma-
nently 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.

3.2 Variation. Variation of a parameter value is the change of value occurring
as a function of time.
The nominal value is the average value calculated over a period such that a
prolongation of 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-
trol adjustment, load variations, signal variation, environmental conditions,
and variations in characteristics of the device under consideration and of
all other electronic devices in the equipment.

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 changes in 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) Vao, Vg20 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, Vg, 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, Ig, etc. are the D.C. components of the electrode
currents calculated over 20 ms.

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

7. ELECTRODE DISSIPATION

The limiting values Wa, Wg, etc. are the average values atan averaging time
of 1 s. If for audio output tubes a limiting value Wg2p is given this value
applies to operation with speech and music excitation and should not be ex-
ceeded if measured with a sinusoidal signal and at maximum output. If load
values vary during operation care should be taken not to exceed the limiting
values of W3 and WgZ'
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10.

12.

. HEATER VOLTAGE

The average heater voltage should be the specified nominal value. Variation
of the heater voltage exceeding the range of Vfnom. £ 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 maxiniu: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 Vkf is at least 3 times the RMS value of
the heater voltage an external resistance between heater and cathode of max-
imum 220 k2 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



3.

14.

15.

16.

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 M.

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.

LIFE

In the interest of a satisfactory life performance and especially where long
life is required the tube should be operated under the conditions quoted un-
der "operating conditions". Spread and variation of operating conditions
should be limited as much as possible. In this respect the operation with
high cathode resistor values and positive grid bias is to be preferred.
Variation of heater voltage should not exceed the limits indicated in item 8
or if applicable, the limiting values specified in the individual tube data
sheets.

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 300 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. a.nplification between the input of the tube and the output of the
applied circuit.

In many applications a tube is subject to accelerations applied via the tube
socket or, however to a less extend, via the surrounding air.

The acceleration may be produced by a loudspeaker or by the operation of
a motor or of a switch.

Measurements to reduce the acceleration should be directed to mechanical
or acoustical isolation of the tube.

If mechanical isolation is required the application of a flexible tube holder
is advised.

ENVIRONMENTAL CONDITIONS

18.1 Atmospheric pressure. Ratings apply to operation at normal atmospheric

18

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.

6 December 1968



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.
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C3m

S.Q. TUBE

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

tube, oscillator a.o.

QUICK REFERENCE DATA

Life test
Base

Heating

Hum voltage

Heater voltage
Heater current
Anode current
Mutual conductance

Equivalent noise resistance

10000 hours

Loctal

Indirect

AG; oxr DG,

Series or parallel supply
Vi 20 v

If 125 mA
I 16 mA

S 6.5 mA/V
Req 1200 @
Veeq 10 uVRMms

DIMENSIONS AND CONNECTIONS

Base: Loctal

Dimensions in mm
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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 II I
Heater voltage Vi 20 A%
Heater current Ig 125 | 120 - 130 mA
Anode supply voltage Vba 225 v
Grid No.2 supply voltage ngz 155 v
Grid No. 3 voltage Vg3 0 AY
Cathode resistor Ry 250 Q
Anode current Ia 16 | 13.5 = 19| min.l11.5 {mA
Grid No.2 current Igz 3 2- 4 mA
Mutual conductance S 6.5 5.5-7.8]| min. 4.5 | mA/V
Internal resistance Ry 250 | min. 200 <)
Amplification factor Hgog 19
Negative grid current —Ig max. 0.5 | max. 1.0 |uA
Output power Wy 1.5 A
Anode load resistance Ry =10k
Total distortion dggy = 10 %
Cathode heating time 26 19 - 33 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) I II
Insulation between cathode
and heater Ikt max. 0.5 | max.1.0 | uA
Voltage between cathode and
heater Vg = 50 V (cathode positive)
Insulation between two electrodes Ring min. 1000 | min. 300 | M2
Voltage between electrodes
V=30V
Hum voltage Zag max. 10 H“VRMS
Grid No. 1 resistor Rgl = 500 k&2
Cathode by-pass capacitor Cy = 100uF
Heater centre earthed
CAPACITANCES 1 I
Grid No.1 to grid No. 2, grid No.3,
cathode, heater and screen Cgl/goggkfs 8.517.5-9.5|pF
Grid No.1 to grid No.2, grid No.3,
cathode, heater and screen Cgl/g,)g.gkfs 10.5 pE
Cathode current I = 19 mA
Anode to grid No.2, grid No. 3,
cathode, heater and screen Ca/gqggkfs 6.0 |4.5-7.7 | pF
Grid No.1 and anode to grid No. 3,
grid No. 2, cathode, heater
and screen Cgla/g3g')1<fs max. 16 | pF
Anode to grid No. 1l Cagl 14 | max. 18 | mpF
Grid No. ! to grid No.2 Cglg? 3 pF
Grid No.2 to grid No.3 Cg?g,3 2.2 pF
Grid No. 1 to cathode and screen Cgl/ks 4.5 pF
Anode to grid No.3 Cag3 1.2 pF
Grid No. 1 to heater Cglf 20 | max. 40 | mpF
Anode to heater Caf 120 mpF
Cathode and screen to heater Cks/f 7 pF

December 1968



C3m

CAPACITANCES (continued)

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

g II

Grid No.1 to cathode, heater and

screen (ng/kfs S5 [max.6 | pF
Anode, grid No.2 and grid No. 3 to

cathode, heater and screen Cag,)g'-%/k_fs 7.5 |max.9 | pE
Anode, grid No.2 and grid No.3 to

grid No. 1 C&gvgg/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 Vi 20 V
Anode supply voltage Vpha 225V
Grid No.2 supply voltage Vbg, 155V
Grid No.3 voltage Vgg 0V
Cathode resistor Ry 250 @

LIMITING VALUES Design centre rating system.

Anodce voltage \"10
Vi
Anode dissipation Wy
Grid No.3 voltage \'g30
\'gs
Grid No.3 dissipation W\r3
Grid No. 2 voltage \'gzo
Vg,
Grid No.2 dissipation W;)

Dissipation of anode, grid No.2 and grid No.3

(triode connected) Wa+g2-lg3
Grid No. 1 voltage —\"gl
Grid No. 1 dissipation ng
Cathode current I

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

550 Vv
300V
4 W
350 Vv
300V
1 W
550 VvV
300 V
1 W
5
100 Vv
50 mW
30 mA
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C3m

LIMITING VALUES (continued)

Grid No.l resistor Rgl max.

Anode dissipation > 1.5 W

Grid No.l resistor Rgl max.

Anode dissipation < 1.5 W

Voltage between cathode and heater Vif max.

Bulb temperature thylp ~ Mmax.

(Metal envelope)

Heater voltage:

The average heater voltage should be 20 V.

=
—
«
©

MQ

O

Variations of the heater voltage exceeding the range of 19V to

21 V will shorten the tube life.

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

account.
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7721 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 I, 22 mA
Mutual conductance S 35 mA/V
Equivalent noise resistance Req 150 €
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

T L] 4.ct,

December 1968 | 1




D3a

CHARACTERISTICS

Column I  Nominal value or setting of the tube

II Range values for equipment design: Initial spread

III Range values for equipment design: End of life

I 1I 111

Heater voltage Vi 6.3 A%
Heater current I 315 299 331 | mA
Anode supply voltage Vpa 190 \
Grid No.2 supply voltage ng2 160 Vv
Grid No.3 voltage Vg3 0 A%
Grid No.l supply voltage +ngl 10 Vv
Cathode resistor Ry 400 Q
Anode current 19 22 | 21- 23| min. 20| mA
Grid No.2 current Igz 6.0 15.4-6.6 mA
Internal resistance Rj 120 k2
Mutual conductance 8 35 ] 30- 40| min.24.5 | mA/V
Amplification factor Hgog) 80
Negative grid current —Iql max.0.3 | max. 1.0 | uA
Equivalent noise resistance Req 150 Q
Input resistance Rgl 1 k2

Frequency = 100 MHz

pin No.l connected to pin No.3

S 1
— = 230 MHz
2T Cgy(hot) + Ca + 5 pF
Noise factor b 7 dB

Frequency = 100 MHz

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

Frequency = 100 MHz

December 1968



D3a

CHARACTERISTICS (continued)

As triode (grid No.2 connected to anode) I 11
Anode supply voltage Vba 160 A%
Grid No.3 voltage Vg3 0 Vv
Grid No.l supply voltage +ngl 10 A%
Cathode resistor Ry 470 Q
Anode current I 24 mA
Mutual conductance 8 41 mA/V
Amplification factor 77
Internal resistance Rj 1.9 k2
Equivalent noise resistance Req 65 Q
Insulation resistance between
anode and other electrodes Rinsg min. 500 | MQ
Voltage between electrodes = 300 V
Insulation resistance between
grid No.1 and other electrodes Rinsg min. 200 | MQ2
Voltage between electrodes = 50 V
Leakage current between cathode
and heater Ik max. S |uA
Voltage between cathode and heater
=100V
CAPACITANCES
Without external shield.
Grid No.1 to grid No.2, grid No.3,
cathode, heater and screen Cgl/gQgkas 10 9« 11 |pF
Grid No.1 to grid No.2, grid No.3,
cathode, heater and screen Cgl/g?ggkfs 17 pF
Cathode current = 28 mA -
Anode to grid No.2, grid No.3,
cathode, heater and screen Ca/g2g3kfs 2.1 1.8- 2.4 | pF

December 1968



D3a ||

CAPACITANCES (continued) 1l 11
Anode to grid No.1 Cagl max. 40 | mpF
Anode to cathode Cak max. 50 | mpF
Anode to cathode and grid No.2 Ca/kg2 0.32 | 0.28-0.36 | pF
Anode to cathode, grid No.2 and

grid No.3 Ca/kg2g3 2.0 1.7~ 2.3 | pP
Anode to heater Caf max. 100 | mpF
Grid No.1 to cathode Cglk 6.8 6.1= 7.5 | pE
Grid No.1 to cathode and grid No.2 Cgl/ng 9.5 8.5-10.5 | pF

Grid No.1 to cathode, grid No.2
and grid No.3 cgl/kgng 10 9- 11 | pF

With external shield

Grid No.1 to grid No.2, grid No.3,
cathode, heater and screen Cgl/ngSka 10.1 9.1-11.1 | pF

Grid No.1 to grid No.2, grid No.3,
cathode, heater and screen cgl/gngkfs 1'7..1 pF
Cathode current = 28 mA

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

Anode to grid No.1l Cagl max. 35 |mpF

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

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

heater and screen Cgl/gSka Pard pF
Anode and grid No.2 to grid No.3,

cathode, heater and screen Cago/g3kfs 3l pF
Anode and grid No.Z to grid No.1 CagZ/gl 257 pF

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

Grid No.1 to cathode, heater

and screen Cgl/kfs 6.7 pF
Anode, grid No.2 and grid No.3

to cathode, heater and screen Cagng/kfs 1.0 pF
Anode, grid No.2 and grid No.3

to grid No.1 CangS/gl 3.3 pF
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D3a

LIFE

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

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

Anode voltage Vao max. 400 V
Va max. 220 V
Anode dissipation Des. centre Wy, max. 4.2 W
Abs. max. W, max. 4.5 W
Grid No.2 voltage ngo max. 400 V
Vg2 max. 180 V
Grid No.2 dissipation Des. centre Wg2 max. 1.0 W1)
Abs. max. Wg, max. 1.1 W1
Anode plus grid No.2 dissipation
(triode connected) Wat+g, max. 4.5 W
Grid No.1 voltage —Vgl max. 30 V
+ Vgl max. 0 Vv
Cathode current Des. centre Iy max. 30 mA
Abs. max. I max. 33 mA
Grid resistor (Automatic bias) Rgl max. 0.5 MQ
Voltage between cathode and heater
cathode positive Vit max. 120 V
cathode negative Vit max. 60
Bulb temperature Abs. max. thilh 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 Wgz 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.
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OBSOLESCENT TYPE

DL68

POWER PENTODE

Pentode intended for use as power amplifier.

QUICK REFERENCE DATA

Life test
Base

Heating

Heater voltage

Heater current

500 hours
Subminiature

Direct
Battery supply

Ve 1.25 V

If 25 mA

DIMENSIONS AND CONNECTIONS

Base: Subminiature

35

red 25
dot é E‘ gl
1 e

a g2 +f gl -fg3 [ il ng%“

g T gic

owss [l 5E

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

Dimensions in mm

December 1968



DL68 H

CHARACTERISTICS

Anode voltage Va 22.5 'V
Grid No.2 voltage Vg? 22,5 ¥V
Anode current I, 600 upA
Grid No.2 current Ig2 150 uA
Grid No.l voltage —\"gl 2.2V
Mutual conductance S 430 pA/V
Internal resistance R, 100 k2
Amplification factor Hgog1 5
CAPACITANCE

Anode to grid No.1 Cagl max. 0.15 pF
LIMITING VALUES (Design centre rating system)

Anode voltage Va max. 45 V
Grid No.2 voltage Vg, max. 45 Vv
Anode dissipation W, max. 100 mW
Grid No.2 dissipation Wg,) max. 25 mW
Cathode current Ix i max. 2.3 mA
OPERATING CHARACTERISTICS

As class A amplifier (one tube)

Anode voltage Va 22..5 'V
Grid No.2 voltage Vg 22.5 ¥V
Grid No. 1l voltage —\"'gl 2:2 YV
Anode resistance Ra 37.5 kR
Anode current (Vi = zero) L 600 uMA
Grid No.l current (Vi = zero) Ig2 150 pA
Input voltage Vi 1.3 VRMS
Output power Wo 5 mW
Distortion d 10 %

2 OBSOLESCENT TYPE December 1968



6977 DM16C

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 1.0V

Filament current Ig 30 mA

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

7203844

Connections should not be soldered nearer than 5> mm from the seal.
Leads should not be bent nearer than 1.5 mm from the seal.

1) Length of the light bar.

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

June 1968 || 1



DM160

CHARACTERISTICS

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

II1 Range values for equipment design: End of life

Filament voltage
Filament current
Anode voltage
Grid resistor

Grid supply voltage 1)
(maximum light output)

Anode current

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

Anode current
at ng = -3V 2)
Insulation resistance
between two electrodes
Voltage between two
electrodes = 30 V

SHOCK RESISTANCE

I I 111

’\/f 1.0 v

Ig 30 | 24-36 mA

Va S0 \Y%
0

Rg 100 k2

vV 0 Vv

bg

Iy 585 | 430-740 | min., 250 | pA

\’bg =3 =3 =3V

I max. 3| max. 5| puA

Ring min.100 MR

The tube has becn 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

V¢
v,
\
bg
Rg

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 VgRMmS
0 Vv
0 vl
100 k@

June 1968



DM160

LIMITING VALUES (Absolute max. rating system)

. Va, max. 100 V
Anode voltage Va max. 65 V
Anode current Ia max. 8350 uA
Grid supply voltage, Rg = 100 k@ +10% ng max. 0V

Rg = 1 MQ+10Y%, Vb max. 6 V
- g
Grid voltage -Vg max. 90 V
Grid resistor R e

g 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 = -3V for zero light output ("off" condi-
tion of the tube), the visibility is best when AV = 3V (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 typicalarrangements for negative and positive logic, respectively.

DM160

Rg= 100k

% rJVW\j 7209391

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

DM160 +
Rg=MQ

50V

12v

e A

7, 7209392

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 maybe 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.

e
12v

3.5v

>
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.
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6370 E1T

S.Q. TUBE

Special quality decade counter tube.

QUICK REFERENCE DATA

Life test 10000 hours
Base Duodecal (12 pins)
Heating Indirect
A.C. or D.C.;
Series or parallel supply
Heater voltage V¢ 6.3 V
Heater current If 300 mA
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Duodecal max 37
4

40%7

APPLICATION DIRECTIONS
Mounting

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

Sensitivity to magnetic fields

To prevent interference by magnetic fieldsthe fluxdensity of these fields should
not exceed 2x10~4 Wb/m2 (= 2 Gauss) in any direction.

December 1968 ' ‘ 1



E1T

APPLICATION DIRECTIONS

Ambient illumination

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

CHARACTERISTICS
Heater voltage Vs 6.3 V
Heater current If 300 mA
CAPACITANCES
Anode No.2 to all other electrodes Caz/R 10.5 pF
Deflection plate to all other electrodes Cp/R 3.5 pF
Deflection plate to all other electrodes Cp'/R 3.8 pF
Anode No.1 to all other electrodes Cal/R 4.9 pF
Grid No.1 to all other electrodes Cgl/R 6.8 pF
Grid No.4 to all other electrodes Cg4/R 7.7 pF
OPERATING CHARACTERISTICS
Column I  Nominal value

II Permitted values of spread and variation

I 11

Supply voltage Vb 300 Vv
Grid No.1 supply voltage ngl LL.9 +0.15|V
Grid No.2 supply voltage ng2 300 \
Deflection plate supply voltage VD 156 + 1.5|V
Luminescent screen voltage Vy 300 v
Cathode current Ik 0.95 mA
Grid No.2 current Igz Qs 11 mA
Cathode resistor Rk 15 + 1% |k
Grid No.4 resistor Rg4 47 + 5% | k@
Anode No.1 resistor Ra; 39 +10% k$2
Anode No.2 resistor Raz 1 + 1% MQ

2 December 1968



E1T

OPERATING CHARACTERISTICS (continued)

Note

The tube should be used in the circuit of fig.2.

Provided the ratio of the supply voltages Vpg, and Vp is strictly maintained the
supply voltage Vp is allowed to vary within the range of Vi nom. +10%.

This condition can be realised by using a voltage divider R}, Ry, R3 with 1%
precision resistors as indicated in the diagram fig.2.

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

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

@ B Fig.1
tan @ > 20 x 100 V/s
tan < 1.2x10.6 V/s
. > 0 +V,=300V
g ZRs Re3
s 3 s +91v
1Cs
2 S (A~
:ZRZ E;R,, o
K W o2 = =3
| 1t
G ET | = Ri7
v 3
;\. -3 >
[ C 3z 2
? Rex %
¥ = 1C7 2)
RZ C I
13 G 2R
- T 2R
P ye

7znssvsi
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E1T

R
R2
R3
R4
Rg
Rg
R7
Rg
Rg

68 kQ + 1%
68 kQ + 1%
5.6 k2 + 1%
15 kQ + 2%
39 k@ £10%
IS kQ + 1%
0.33 MQ +£10%
47 k2 + 5%
1 MQ+ 1%

Rio
R11
Ris
Ri3
Rig
Ris
R16
Ri7

wiring as short as possible.

0.56 MQ +10%,
5.6 k2 +£10%
39kQ + 2%
4.7k + 2%
2.7k2 £ 2%

1kQ + 1%

3.3k £+ 2%

0.15 M2 + 2%

. Connected to deflection plate D of next counter tube.

Cy
Cy
C3
Cq
Cs
Ce
C7
Cg

1)
0.39 uF £20%
0.15 uF +20%
6800 pF +10%
220 pF +10%
68 pF + 2%
680 pF + 3%
68 pF + 2%

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

. This parasitic capacitance should be reduced to the minimum by keeping the

LIMITING VALUE of supply voltage Vi (See operating characteristics):
Vp = max. 400 V
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8233 ES55L

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 V5%
Heater current If 600 mA
Anode current Iy 50 mA
Mutual conductance S 45 mA/V
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Magnoval

7204254
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ESSL

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 I 600 mA
Anode voltage Vg 125 A%
Grid No.3 voltage Vg3 0 v
Grid No.2 voltage ng 125 \%
Grid No.1 voltage —Vgl 3 Vv
Anode current Ly 50 mA
Grid No.2 current Ig2 %) mA
Mutual conductance S 45 mA/V
Internal resistance Ry 20 kQ
Amplification factor Mgogy 30
Input resistance Rgl i) k2

Frequency = 50 MHz
Anode supply voltage Vba 140 \Y%
Grid No.3 voltage Vgs 0 \%
Grid No.2 supply voltage ngz 140 \Y%
Grid No.1 supply voltage +ng1 12 \Y%
Cathode resistor Ry 270 Q
Anode current I 50 48 - 52 mA
Grid No.2 current Ig,‘2 5.5 4.5 —6.5. mA
Grid No.l to cathode voltage _Vglk 3.0 2.3-3.7 1.81V
Mutual conductance S 45 38- 52 mﬁf ;5% mA/V
Negative grid current —Ig 2| uA

2 December 1968



ES5L

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 I | 0
Anode to grid No.3, With shield
grid No.2, cathode
and heater Ca/ngZkf 6:5]5.8=7.2

Grid No.1 to grid No.3,
grid No.2, cathode
and heater Cgl/gSngf 18] 15-= 21

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

and heater Cgl/gSngf 28
Cathode current
Ix = 55.5 mA
Anode to grid No.l Cagl 80 | max. 120

Triode connected (grid No.2 connected to anode)

Anode to grid No.3,

cathode and heater Ca/ggkf 10.5 | 9:4-11.:6
Grid No.1 to grid No.3,

cathode and heater Cgl/gSkf 11.81 10-13.6
Anode to grid No.1 Cagl 6.215.5- 6.9
Cathode to heater Cis 6.0

I

Y, 125 |V

L 55.5 | mA

S 50 | mA/V
R, 600 | ©2

7 30

1 | 1

Without shield
4.013.6- 4.4 | pF

18| 15- 20 |pF

28 pF
110 | max. 150 | mpF
78| 7.0~ 8.6 | pF
11.8 | 10-13.6 | pF
6.315.6- 7.0 |pF
6.0 pF

December 1968



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 50 Hz with an acceleration of 2.5 g.

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va0 max.
Yy max.

Anode dissipation Wiy max.
Grid No.2 voltage Vg20 max.
Vg2 max.

Grid No.2 dissipation Wgz max.
Grid No.1 voltage, negative _Vgl max.
positive Vgl max.

Cathode current Ix max.
Grid No.l resistor Rgl max.
Voltage between cathode and heater Vit max.
Bulb temperature thulb max.

400 V
200 V
10 W
350 V
178 ¥
1.5 W
35 V
0o v
75 mA
125 kR
200V
180 ©C

In applications where a long life is not required, Iy max. can be increased to

100 mA and tpylp max. to 220 °C

December 1968



E55L

OPERATING CONDITIONS

Anode supply voltage Vba 140 V
Grid No.2 supply voltage ng,) 140 V
Grid No.3 voltage Vg3 0 Vv
Grid No.l supply voltage -!—ng1 I2 V
Cathode resistor Ry 270 @
Anode current L, 50 mA
Grid No.2 current Igz 5.5 mA
Mutual conductance S 45 mA/V
E 71961
oL 2111
Igz I
(mA) Iy
[T
a2 o™
=125V
T Vo2
80 —+ t 200
T
- ;
T R
1T I | |
- t . -
60 ‘ ! s____ﬁO
-
| ENEEN ] |
& I 111
T i ! [ A
EEEENNSEEERE / /
40 i e 7 00
] I Lt
| |} I
I . I
1 1 ]
To
92)
120 50
Y |
y,
>
- 0
Vg’(v) -6 -4 =2 0
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ESS5L

7206714~5.ee 12
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6085

E80CC

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

S.Q. TUBE

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

\ 12.6 6.3 V
11- 0.3 0.6 A
My 250V
Ve -5.3 V
S 7 2.7 mA/V

DIMENSIONS AND CONNECTIONS

Base: Noval

7203850

max 22

-

max72

max 78

.

[/

77203830

v

3

0.01uF % o
A £

Dimensions in mm

MQ

R4S Toowr |I1q

7203351

+
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 Vi | 12.6 Vv
Heater current I 300 | 285-315 mA
Anode voltage Va 250 Vv
Cathode resistor Ry 920 Q
Anode current e 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 i 10 | min. 7 k2
Negative grid current —Ig max.0.5 | max.1.0 | uA
Difference in anode current
of two_sections iI —Ia'l max.3.0 mA
Anode voltage Vy 250 A%
Negative grid voltage ‘Vg 5.5 \'
Cut-off voltage —\’g 17 \Y
Anode voltage Va 250 \%
Anode resistor Ry 1 MQ
Anode current I max. 15 A
Hum voltage Vg max. 75 HVRMS

Grid resistor Rg =0.5 MQ2
Leakage current between
cathode and heater Ie max. 12 A

Voltage between cathode and

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

December 1968
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CAPACITANCES
External screen | Without external
screen
1 II I II

Anode to cathode and heater  Cy/kf |[3.5] 2.8 - 4.2 10.45 pF
Grid to cathode and heater Co/kt |26 1 9 -3:3 | 2:4 pF
Anode to grid Cag 3.0]2.4-3.6 3l 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 Ca'/k'f|3.0] 2.3 -3.7 |0.55 pF
Grid to cathode and heater Cg'/k't|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's 4.8 4.8 pF
Anode to anode other section Cgyy' 1.3{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 Cga' 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 beused 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)

under the following conditions during 10000 hours.

Heater voltage Vg 6.3 V
Anode voltage YV, 250 V
Cathode resistor Ry 920 R

LIMITING VALUES (Absolute max. rating system)

Anode voltage

Anode dissipation
Cathode current
Cathode current peak value
Grid current peak value max. 30 mA
Duty factor max. 0.005
Pulse duration max. 10 us
Cathode current peak value
Grid current peak value max. 2 mA
Duty factor max. 0.2
Pulse duration max. 400 us
Grid voltage
Grid current, average value
peak value
Voltage between cathode and heater
Bulb temperature
Grid resistor (automatic bias)

Grid resistor (fixed bias)

Ikp

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

600 V
300 V
2 W
12 mA
150 mA
30 mA
200 V
0.3 mA
30 mA
120 V
I72 '°¢
1 MQ
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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OPERATING CHARACTERISTICS

Resistance coupled A.F. amplifier. Fig.l page 1
Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor R, 47 47 47- 47 47 k@
Cathode resistor Ry L2 1.2 1.2 1.2 1.2 k@ —_E—
Grid resistor Rg' 0.15 0.15 0.15 0.15 0.15 M® E
Anode current L, 1.86 2.45 3.15 3.80 4.40 mA
Voltage gain Vo/Vi 18.5 18.5 18.5 18.5 18.5
Output voltage at +Iy = 0.3 LA Vs 20 30 40 50 60  VRMS
Total distortion 1) deot 3.3 3.8 4.0 4.1 4.2 9
Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor Ry 100 100 100 100 100 k2
Cathode resistor Ry 2.2 2,2 2.2 2.2 2.2 k@
Grid resistor Rg' 0.33 0.33 0.33 0.33 0.33 M
Anode current Ly 1.00 1.30 1.65 1.95 2.30 mA
Voltage gain Vo/ Vi 20 20 20 20 20
Output voltage at +Ig = 0.3 pA Vo 22 32 42 52 63 VRMS
Total distortion 1) drot 3.1 3.4 8.5 3.6 3.7 %
Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor Ry 220 220 220 220 220 k%
Cathode resistor Ry 3.9 3.9 3.9 3.9 3.9 Kk
Grid resistor Rg' 0.68 0.68 0.68 0.68 0.68 MQ
Anode current Ly 0.52 0.67 0.83 0.99 1.15 mA
Voltage gain Vo/ Vi 21 21 21 21 21
Output voltage at +Ig =0.3 uA Vo 19 29 38 47 58 VR MS
Total distortion 1) deot 2.3 2.6 3.0 3.1 3.2 %
l)_AETZ);er output voltages the distortion is proportionally lower.
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E8S8OCF

Special quality triode-pentode

S.Q. TUBE

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

Base

Heating

Heater voltage

Heater current

Low interface resistance

Mechanical quality

Pentode: Anode current
Mutual conductance
Amplification factor

Triode: Anode current

Mutual conductance

Amplification factor

10000 hours

Shock and vibration resistant

Noval. Gold plated pins

Indirect

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

Ve 6.3
If 330
L, 10
S 6.2
7l 40
Iy 14
S 5
7 18

v
mA
mA
mA/V

mA
mA/V

DIMENSIONS AND CONNECTIONS

Base: Noval

Dimensions in mm

max 54.7
max 61.1
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CHARACTERISTICS

Column I

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

III Range values for equipment design: End of life

I 11 111

Heater voltage Vg 6.3 v
Heater current If 330 313 - 347 mA
Pentode section
Anode supply voltage Vba 170 A%
Grid No.2 supply voltage ngz 170 A%
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.1 Hgog) 40
Internal resistance R; 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 Iy 14 10- 18 min. 8.4 | mA
Mutual conductance S 5,0 4- 6 min. 3.5 | mA/V
Amplification factor M 18
Negative grid current —Ig max. 0.5 max. 1.0 | pA
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CAPACITANCES Without external shield

Pentode I 11
Grid No.1 to grid No.2, grid No.3

cathode, heater and screen Cgl/gzgskfs 5.6 5.2 6 |pF
Anode to grid No.2, grid No.3

cathode, heater and screen Ca/gzggkfs 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
Triode

Grid to cathode (triode), cathode (pentode)

grid No.3, heater and screen cg/kapg3fs 2:8 2.:2=2.8 | pE
Anode to cathode (triode), cathode (pentode)

grid No.3, heater and screen Ca/kaPngS 1.5 1.2=1,8 | pF
Anode to grid Cag 145 1.2-1.8 | pF
Grid to heater Cof 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.1 (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 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 10000 hours.
Pentode section

Vba = L70 V

Vpg, = 170 V

R, = 1550

Triode section
Vpa = 100V
Ry = 120 @

LIMITING VALUES (Absolute max. rating system)
Pentode section

Anode voltage

Anode dissipation
Grid No.2 voltage
Grid No.2 voltage:
Cathode current > 10 mA
Cathode current < 10 mA
Grid No.2 dissipation:
Anode dissipation > 1.2 W
Anode dissipation < 1.2 W
Grid No.l dissipation
Negative grid No.l voltage
Cathode current
Voltage between cathode and heater

Grid resistor (fixed bias)

VaO max. 550
Va max. 275
Wa max. 2.15
V820 max. 550
ng max. 200
ng max, 225
Wgz max. 0.7
2 max. 0.8
ng max. 0.1
-Vgl max. 100
I max. 18
ka max. 100
Rgl max. 0.5

< = < <

<

W

=

mA

M2
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LIMITING VALUES (Absolute max. rating system) (continued)

Triode section

Anode voltage XZO Ei
Anode dissipation Wy max
Grid dissipation Wg max.
Grid, voltage, peak value Vgp max.
Duty factor max. 0.04
Pulse duration max. 0.8 ms
Grid voltage ~Vg max.
Cathode current Ix max.
Cathode current peak value Ikp max.
Duty factor max. 0.04
Pulse duration max. 0.8 ms
Voltage between cathode and heater Vit max.
Grid resistor (fixed bias) Rg max.
Bulb temperature thulb max.

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

550
275

« 1:.75

0.1
30

100
18
100

100

170

g 2 <<

mA
mA

9@

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



E8SOCF

OPERATING CHARACTERISTICS

Pentode section as R.F. amplifier

Anode supply voltage Vpa 170
Grid No.2 supply voltage ngz 170V
Cathode resistor Ry 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.l Hgog) 40
Internal resistance Ry 0.4 MQ
Input resistance at 50 MHz Tg 10 kQ
Equivalent noise resistance Req L5 k@

Pentode section as mixer

Anode supply voltage Vpa 170 V
Grid No.2 supply voltage ngZ 170 'V
Grid No.l resistor Rgl 0.1 M2
Cathode resistor Rg 330 @
Oscillator voltage Vosc 3.5 VRMS
Anode current I 8 mA
Grid No.2 current Ig2 2.5 mA
Grid No.l current Igl 12 upA
Conversion conductance Se 2.4 mA/V
Internal resistance R 0.5 M2

Triode as oscillator

Operation in Colpitts circuit is recommended.

Operation in Hartley circuit is not recommended.
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S.Q. TUBE

Special quality pentode designed for use as amplifier.

QUICK REFERENCE DATA

Low interface resistance

Life test 10 000 hours

Mechanical quality Shock and vibration resistant
Base Noval. Gold plated pins
Heating Indirect
A.Q. or D:C.
Series or parallel supply
Heater voltage Vi 6.3 V
Heater current I 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. 5 MVRMS
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval
max 22

max 61
max 67

f 7203957

L.
7203956
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CHARACTERISTICS

Column I Nominal value or setting of the tube

II Range values for equipment design: Initial spread

Voltage between cathode and
heater Vg = 120 V

III Range values for equipment design: End of life
I 11 gl

Heater voltage Vg 6.3 v
Heater current Iy 300 | 285- 315 mA
Anode voltage Vg 250 \Y%
Grid No.3 voltage Vg3 0 Vv
Grid No.2 voltage ng 100 \Y
Cathode resistor Ry 550 Q
Anode current I 3 2.5~ 3.5 | min. 2.0 | mA
Grid No.2 current Ig2 0.65 [0.45-0.85 | 1.n.0.35 | mA
Mutual conductance S 1:85 Led= 2.2 | miti: 1.2 ] ml/V
Internal resistance Rj 1.5 [min. 1.0 MQ
Amplification factor

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

Frequency 0-10 kHz

Grid No.l resistor Rg1 =0Q
Negative grid No.l current _lgl max. 0.1 [ max. 0.2 | uA
Cut off voltage —Vgl s v

Anode voltage Va 250 v

Grid No.3 voltage '\/gs 0 v

Grid No.2 voltage '\7g2 100 Vv

Anode current I max. 20 MA
Hum voltage g1 max. 5 UVRMS

Grid resistor Rg1 =1 MQ

Cathode resistor bypassed
Leakage current between

cathode and heater max. 12 HA
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CAPACITANCES With external shield

I I

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

cathode and heater Ca/g2g3kf 7.3 | 6.8-7.8 | pF
Grid No.1 to grid No.2, grid No.3, )

cathode and heater Cgl/gzg\’ikf 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 Cyt 3.7 pF

I

SHOCK AND VIBRATION RESISTANCE

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

Shock

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

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

LIFE

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

Anode voltage Va 250 'V
Grid No.3 voltage Vg3 0 Vv
Grid No.2 voltage ng 100 V
Cathode resistor Ry 550 @

December 1968 3
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LIMITING VALUES (Absolute max. rating system)
Va

Anode voltage Vao
Anode dissipation Wj
Grid No.2 voltage xgzo
82

Grid No.2 dissipation Wgz
Negative grid No.3 voltage _VgS
Negative grid No.l voltage —Vgl
Cathode current Iy
Voltage between cathode and heater

Cathode positive Vit (k pos)

Cathode negative Vs (k neg)
Grid No.1 resistor Rgl

Bulb temperature

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

max.
max.

max.

max.

max.

max.

max.

max

600
300

1.3

. 600
. 200

. 0.4
. 100
100

4 < 2 <4< 2 <<

©
g
>

120 VvV
60 V

See curve on page G

. 170 o

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 (columnlII) should be taken into

account.
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OPERATING CHARACTERISTICS

Resistance coupled A.F. amplifier

Anode supply voltage Vba 100
Grid No.2 supply voltage ngz 100
Anode resistor Ry 0.22
Grid No.2 resistor Rg2 1.0
Cathode resistor Ry 3.3
Grid No.1 resistor Rgl 1
Grid resistor next stage Rgl' 0.68
Anode current I 0.29
Grid No.2 current Ig2 0.07
Gain Vo/Vy 120
Output voltage at +Ig =0.3 A Vg, 8
Total distortion diot Louek

Electrometer pentode

Heater voltage

Anode voltage

Grid No.3 voltage

Grid No.2 voltage
Negative grid No.1 voltage
Anode current

Grid No.2 current

Negative grid No.l current

250 300 400
250 300 400
.22 0.22 0.22
1.2 1.2 1.2
1.5 1.2 1.0

0.68 0.68 0.68 0.68

0.61 0
0.13 0

1.6

Vi
%
\Y

ng

a

g3

.80 0.98 1.37
.17 0.20 0.28
175 190 200
25 30 40
1.4 1.1 0.9

max. 10710
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E8SOL

S.Q. TUBE

Special quality output pentode

QUICK REFERENCE DATA

Life test

Low interface resistance
Mechanical quality

Base

Heating

Heater voltage
Heater current
Anode current
Output power, one tube

two tubes class AB

10000 hours

Shock and vibration resistant

Noval. Gold plated pins

Indirect

A.C, or D:.C.

Series or parallel supply

Vs 6.3 V
Ig 700 mA
Iy 30 mA
W, 2.7 W
Wo 5.7 W

DIMENSIONS AND CONNECTIONS

Base: Noval

Dimensions in mm
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E8SOL

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 Vi 6.3 A%
Heater current If 700 | 665 - 735 mA
Anode voltage Va 200 A%
Grid No. 3 voltage Vg3 0 v
Grid No. 2 voltage ng 200 v
Cathode resistor Rk 130 Q
Anode current Iy 30| 26.5-33.5| min. 21| mA
Grid No.2 current Ig2 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.1 current —Igl max. 0.5]| max.1.0| pA
Anode voltage Va 200 v
Grid No. 3 voltage Vg3 0
Grid No.2 voltage ng 200 v
Anode current Ia 30 mA
Load resistance Ry 7 k2
Output power Wo 2.7 | min. 2.0 W
Cut-off voltage -Vg 1 14 v

Anode voltage Va 200 v

Grid No. 3 voltage Vg3 0 v

Grid No. 2 voltage ng 200 v

Anode current I, max. 0.2 mA

2 December 1968



E8OL

CHARACTERISTICS (continued)

III

Hum voltage Vg
Grid No.l resistor Rgl =0.5 MQ

Cathode resistor by -passed

Leakage current between
cathode and heater Ikt

Voltage between cathode
and heater Vig = 120 V

Insulation resistance between
two electrodes R

Voltage between electrodes = 300 V

CAPACITANCES

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

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

Anode to grid No.l
Grid No.l to heater

Cathode to heater

SHOCK AND VIBRATION RESISTANCE

max.

min.

max.0.25

max. 20

min. 10

II

mVRMS

MA

MQ

Cg1/g382Kks

Ca/g3g2kfs
Cagl

Cglf

Cxs

6.8

7.0

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 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 10000 hours.

Anode voltage Va 200 V
Grid No.3 voltage Vg3 0 Vv
Grid No.2 voltage Vg2 200 V
Cathode resistor Ry 130 @

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vag
Va
Anode dissipation Wa
Negative grid No.3 voltage —Vgs
Grid No.2 voltage ngo
V82
Grid No.2 dissipation qu
Grid No.1 voltage _Vgl
Cathode current Ix
Voltage between cathode and heater Vif
Bulb temperature thulb
Grid No.1 resistor (automatic bias) Rgl

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

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

600
300
8 W
100V
600 V
300 V
2.6 W
100V
50 mA
120V
225 “¢
1 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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E8SOL

OPERATING CHARACTERISTICS

Output tube class A

Anode voltage Va 200 250 'V
Grid No.3 voltage VgS 0 0 Vv
Grid No.2 voltage Vg2 200 250 'V
Grid No.2 resistor Rgz 1 k2
Cathode resistor Ry 130 270 @
Anode current Iy 30 24 mA
Grid No.2 current g, 4.1 3.3 mA
Mutual conductance S i 9 - mA/V
Internal resistance Ry 52 - k@
Load resistance RaN 7 10 k2
Output power Wo 2.7 2.8 W
Total distortion dtot 10 10 %
Output tube class AB (two tubes)

Anode voltage Vi 200 A%
Grid No.3 voltage VgS 0 v
Grid No.2 voltage ng 200 AY
Cathode resistor Ry 130 Q
Load resistance R, N 9 kQ
Input voltage Vi 0 0.31 5.2 VRMS
Anode current 1, 2x20.6 - 2x24.6 mA
Grid No.2 current Igz 2x2.8 - 2x4.9 mA
Output power Wo 0 0.05 5.7 W
Total distortion dtor - - 3.0 %
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E8SOL

OPERATING CHARACTERISTICS (continued)

Output tube class AB (two tubes)

Anode voltage Vy 250 Vv
Grid No.3 voltage Vg3 0 Vv
Grid No.2 voltage Vg7 250 A%
Cathode resistor Rk‘ 150 Q
Load resistance RaaN 9 k2
Input voltage Vi 0 0.32 7.8 VRMS
Anode current Ly 2%23.8 = 2x29.5 mA
Grid No.2 current Igz 2%3:2 - 2x6.6 mA
Output power W, 0 0.05 9 W
Total distortion deot - 4.5 9

6 December 1968
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E81L

S.Q. TUBE

Special quality output pentode designed for use in telephone equipment.

QUICK REFERENCE DATA

Life test
Base

Heating

10000 hours

Noval. Gold plated pins

Indirect

BB [OF ki
Series or parallel supply

Heater voltage Ve 6.3 V
Heater current I 375 mA
Anode current I, 20 mA
Output power Wo 1 W
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval
f 7206835
December 1968 1



E8iL

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 11 111

Heater voltage Vf 6.3 V
Heater current I 375 | 355~ 395 mA
Anode voltage V. 210 Y%
Grid No.3 voltage Vg3 0 Vv
Grid No.2 voltage Vg, | 210 ) v
Cathode resistor Rk— 120 Q
Anode current L, 20 17- 23 | min.13.5| mA
Grid No.2 current Ig,) 5.314.1- 6.5 | min. 3.1 | mA
Mutual conductance S ) 11]9.5-12.5 | min. 7.8 | mA/V
Internal resistance Rj 0.3 | min. 0.2 MQ
Amplification factor

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

resistance ch 1:2 k2

Negative grid current —Igl max.0.5] max. 1.0| A
Hum voltage Vgl max. 0.2 mVRMS

Grid resistor Rgl =0.5 MQ

Heater centre earthed

Cathode resistor bypassed
Leakage current between

cathode and heater It max. 24 HA

Voltage between cathode and

heater Vif = 120 V

2 December 1968



E8IL

CAPACITANCES

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

Ca/gngkfs 6.5 5.9 -7.1|pF
Grid No.1 to grid No.3, grid No.2

cathode heater and screen Cgl/ggggkfs 11.2 10.4 - 12 | pF
Grid No.1 to grid No.3, grid No.2

L T g

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

Anode voltage Va 210 Vv
Grid No.3 voltage VgS 0 Vv
Grid No.2 voltage ng 210 'V
Cathode resistor Ry 120 @
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E8IL

LIMITING VALUES (Design centre rating system)

Anode voltage Va max. 550 V
o
Va max. 210 V
Anode dissipation W, max. 4.5 W
Grid No.2 voltage ngo max. 550 V
Vg, max. 210 V
Grid No.2 dissipation \ng max. 1.2 W
Cathode current Iy max. 30 mA
Grid No.1 resistor:
automatic bias RQI max. 0.5 MQ
fixed bias g max. 0.25 MQ
Voltage between cathode and heater Vg max. 120 V
Bulb temperature hiilh 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 6.6V 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 vV, 210 V
Grid No.3 voltage Vg3 0 Vv
Grid No.2 voltage Vg,7 210 VvV
Cathode resistor Rk 120 @
Load resistance Ra. 15 k€2
Anode current Iy 20 mA
Grid No.2 current Ig9 5.3 mA
Output power W; I W
Total distortion drot 5 %
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OPERATING CHARACTERISTICS (continued)

Amplifier
Anode voltage Va 210 'V
Grid No.3 voltage VQS 0 Vv
Grid No.2 voltage Vg2 210V
Cathode resistor Rk 180 @
Load resistance Ra 20 kR
Anode current Ia 15 mA
Grid No.2 current Ig2 4 mA
Voltage gain Vo/ Vi 5.15 N
7203996—5h .12 .
| lr o]
I ‘: : S
(mA) : S (mANV)
+Hv, =210V &
g2 =210V 125
50 V3=0 .
I
40 10
30 75
v 8!
20 5
94
10 125
0 L
-8 (V) -6 -4 -3 0
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E82CC

S.Q. TUBE

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

QUICK REFERENCE DATA

Life 10000 hours

Low interface resistance

Mechanical quality Shock and vibration resistant
Base Noval
Heating Indirect

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

Heater voltage Vi 6.3o0or12.6 V
Heater current If 300 or 150 mA
Anode current Ia 10.5 mA
Mutual conductance S 2.2 mA/V
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max 49.2
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E82CC

CHARACTERISTICS (Both sections if applicable)

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

I II I

Heater voltage, pin 9 and 4 + 5 Vg 6.3 v
Heater current I 300 | 285- 315 mA
Heater voltage, pin 4 and 5 Vs 12.6 Vv
Heater current If 150 mA
Anode voltage W, 250 A%
Cathode resistor Ry 800 Q
Anode current I 10:5 | 8.7-12.3 | min, 7.0 | ma
Difference in anode current

of both systems Iy-1a" 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 Rj Tk k2
Cut -off voltage
Grid voltage -Vg 22 Y%
Anode current I, 10 HA
Grid voltage —Vg max. 30 A%
Anode current L; 20 uA
Grid voltage —Vg min. 18 Vv
Anode current Iy ] WA
Negative grid current —Ig max. 0.5 | max.1.0 | pA
Anode voltage LN 100 v
Grid voltage Vg 0 Y
Anode current Iy 118 mA
Mutual conductance 5 3.1 mA/V
Amplification factor u 19.5
Internal resistance i 6.25 kQ

December 1968
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CHARACTERISTICS (continued)

Leakage current between
cathode and heater Iys max. 6.5 | pHA

Insulation resistance:

Between grid and other
electrodes Ring min. 500 | M@

Voltage between electrodes = 100 V

Between anode and other
electrodes Rins min. 500 | MQ

Voltage between electrodes = 300 V

Vibrational noise output (20to 5000Hz) V, max. 100 | mVRMS

Anode voltage V4 = 250 V
Grid voltage —Vg =8.5V
Anode resistor Ry = 2 k2
Vibration frequency = 40 Hz

Acceleration = 10 g
Units in parallel

CAPACITANCES
Anode to cathode and heater Ca/kf 0.

wun

0.3- 0.7 ] pF
0.2- 0.6 pF
1.25-1.95 | pF
1.2- 1.8 | pF

Ca'/k ' 0.
Grid to cathode and heater Cg/kf 1.

Oy

Anode to grid Cag L

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 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 10000 hours.

LIMITING VALUES (Absolute max. rating system)

Anode voltage

Anode dissipation

Grid voltage

Grid current
Grid resistor: fixed bias
automatic bias
Cathode current
Voltage between cathode and heater

Bulb temperature

Vif
tbulb

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.

max.

max.

max.

max.

max.

max.

max.

max.

max.,

max.

max.

600
330

w

Ut
w

\7

AW

mA
M2
MQ
mA
vV
e

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

account.

December 1968



E82CC

<
< E ] S e =} Sy
T 1] N B TTTTNT ST T T TIT TSN
S TR SN Lsls
AN TS TSN NSNS
]
2 N N e TN mw_mu“ HEEEE TSN N1\
N NHHTNHHEINGHENTH “HHH S S NN
< ——— =2+ - 1 - N
>N 4 T
SREEREAN S LJZ TN N 'O T Ty TN
L o : . Y |1 I 0 S S N, (O [ HN
EENEREES . NEE 2:4/&1&/ N A S NN \
P ST e PR R T RN TN
Tuf A N N
PN NS NN, B R TN TN \
Hp | NG NG SENEEEENVEL WESEELNEEEANEN) NEA VN
N NN (m t S TN NN NEND
NN Y T TN CINGENGNI
_‘ 1 EEESEE N .y/, i RS T/.A/ #i/wl SENNEAY
- -+ 4 B 4 —1— ~N +— - — La —
! T A NN B NSNS TSN
| _ _ m g l; EERNES TN NG [inNx N I
. :; T E 11 NN L PN N A TN N
ma S T T E S NN R
: ! _ ' | T /A,. - NunE J/f ‘/,.y.m, ™ ]
NN PN TR
| I
ﬁ‘ A H D ﬁ PN TN _
T F TS ST e ERLNEES ANV ERHN
T T T N o s 12-PS ] NG BES NEi
T o b:\, 9 ~ ] o
EESEE SN e TS TS NN
N SN N S SIS
- Il >
- T T LTS ~ NEEEECNELE ]
= S = S = (S - ~ B I "
. . [ = |2 Q\“.MQ. ™ g ™ A AN ﬁm
] AaEEE EEENE | R %q 1_.1 — F1S ;
[ .k' (11 o i L AL I | et r =, =
IR S S
M &

300 400 VY, (V) 500

200

100

December 1968



E82CC

20 i ‘ 7201459 5hb33 22]4
V=80V 100V T SOV AR ] S
g NN~ ] Y* 200V T (mA/Y)
(k1) ma A >z ‘ 300V
. o T T o —— 1 T
15— - ‘ H1713
—0 maEENENE
105 ESERE RGP
LT i
F50V HEEE
(L i 1]

1’1 ] I
St B O
S 0V

5t 0oV 7
] 5
/ Bl 1
T |l 1 i T
T TRB00V T 6 A O
A AP A
OV T T I T P T T T P LT T LTI 210
0 5 10 15 20 25 I, (mA) 30

6 December 1968



6681 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 Vg 6.3V orl2.6 V
Heater current L¢ 300 mA or 150 mA
Anode current I, 1.25 mA
Mutual conductance S 1.6 mA/V
Amplification factor u 100
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max 55.6

max 49.2

"

7204044 7293450
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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
III Range values for equipment design: End of life

I II 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 Vg 12.6 \%
Heater current L¢ 150 mA
Anode voltage Va 250 Vv
Cathode resistor Ry 1.6 k2
Anode current L, 1.25 | 1.1- 1.4| min. 0.8 | mA
Mutual conductance S 1.6 | 1.3-1.95| min.1.05 | mA/V
Amplification factor u 100
Internal resistance Ri 62.5 k2
Negative grid current —Ig max. 0.2 | max. 0.5 [ A
Cut -off voltage —\.’g max. 4 v
Anode curvent I, = 20 uA
Anode voltage Va 100 \Y
Anode current I 0.5 mA
Cathode resistor R 2 k2
Mutual conductance S 1.25 mA/V
Amplification factor I 100
Internal resistance Ry 80 159)
Leakage current between
cathode and heater ka max. 5 MHA

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

Insulation resistance: ! I
Between grid and other electrodes Rins max. 300 [MQ
Voltage between electrodes = 100 V
Between anode and other electrodes Rins max. 300 M2
Voltage between electrodes = 300 V
Vibrational noise output (20 to 5000 Hz) Vo max. 10 |mVRMS
Anode supply voltage Vi, = 250 V
Anode resistor Rg = 5 k2
Grid voltage —Vg =2V
Vibration frequency = 25 Hz
Acceleration 2208
Units in parallel
CAPACITANCES
Grid to cathode and heater Cg/kf 1.6 pF
Anode to cathode and heater Ca/kf 0.46 pF
Ca'/K'f 0.34 pF
Anode to grid Cag 1.7 pF
Grid to heater Cof max. 0.15 |pF
Anode to anode other system Caa' max. 0.6 [pF
Grid to grid other system Cgg max. 10 | mpF
Anode to grid other system Cagx max. 60 | mpF
Cga max. 60 [mpF
LIMITING VALUES (Absolute max. rating system) (Each unit)
Anode voltage Va, max. 600 V
¥y max. 330 V
Anode dissipation a max. 1.2
Grid voltage —Vg max. 55 V
+V max. 0.5 V
Cathode current Ix max. 9 mA
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LIMITING VALUES (continued)

Grid resistor: fixed bias Rg max. 1.2 MQ
automatic bias Rg max. 2.2 M2
grid current bias Rg max. 25 M2

Voltage between cathode and heater Vit max. 200 V

Resistance in cathode heater circuit

in case of phase inverter circuit Ris max. 135 k2

Bulb temperature thulb max, 170 °¢

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 k2

Cathode resistor Ry 1500 1200 1000 820 680 £

Grid resistor next stage Rg' 150 150 150 150 150 k2

Anode current 1 0.86 1.18 1.33 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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OPERATING CHARACTERISTICS (continued)

A.F. amplifier - circuit fig.1l (continued)

Anode supply voltage Via 200 250 300 350 400 V
Anode resistor R, 100 100 100 100 100 k@
Cathode resistor Ry 1800 1500 1200 1000 820 €2
Grid resistor next stage Rgr 330 330 330 330 330 k2
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 uA)
Voltage gain Vo/Vi 50 54.5 57.0 61.0 63.0
Total distortion deor 4.8 8:9 3.7 22 1.7 %
Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor R, 220 220 220 220 220 k2
Cathode resistor Ry 3300 2700 2200 1500 1200
Grid resistor next stage Rg' 680 680 680 680 680 kN
Anode current I 0.36 0.48 0.63 0.85 1.02 mA
Output voltage Vo 24 28 36 37 38 VRwMS
(Grid current = 0.3 pA)
Voltage gain Vo/Vi 56 665 720 7D:8 76:5
Total distortion deot 4.6 3.4 2.6 1.6 1.1 %
A.F. amplifier - circuit fig.2.
Anode supply voltage Vpa 200 250 300 350 400 V
Anode resistor R, 47 47 47 47 47 kQ
Grid resistor next stage Rg' 150 150 150 150 150 k2
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 deot 5.6 4.2 2.9 2.7 2.5 %
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OPERATING CHARACTERISTICS (continued)

A.F. amplifier - circuit fig.2. (continued)
Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor Ry 100 100 100 100 100 Kk
Grid resistor next stage Rgc 330 330 330 330 330 k&2
Anode current I, 0.70 1.00 1.29 1.62 1.95 mA
Output voltage Vs 20 26 30 36 38 VRwMmS
Voltage gain Vo/Vi 50 51 54 56 58
Total distortion deot 3:9 2.6 2.0 1.8 1.6
Anode voltage Vpa 200 250 300 350 400 W
Anode resistor R, 220 220 220 220 220 k9
Grid resistor next stage Rgv 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; 58 62 66 67 68
Total distortion dtot 4,6 2.7 2.2 1.7 14 %
A.F. amplifier - circuit fig.3.
Anode supply voltage Vba 100 150 200 250 300 350 400 Vv
Anode resistor R, 47 47 47 47 47 47 47 k2
Grid resistor next stage Rg! 150 150 150 150 150 150 130 k&
Anode current 5 0,35 0,84 1,40 1.95 2.52 3.19 3.80 mA
Voltage gain Vo/Vi 25 33 34 36 38 40 41
Total distortion:
at Vo, = 2 VRMS deot 1.7 2.5 2.4 2.3 2.2 2.2 2.1 G
at Vo, = 4 VRMS diot 2.1 4.6 4.7 4.6 4.5 4.2 4.2 9
at V, = 6 VRMs deot 06:0 9:2 5.6 5.6 5.5 5.5 54 §
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OPERATING CHARACTERISTICS (continued)

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

Anode supply voltage Vba 100 150 200 250 300 350 400 V
Anode resistor R, 100 100 100 100 100 100 100 k&2
Crid resistor next stage Rg- 330 330 330 330 330 330 330 k2
Anode current L, 0.24 0.56 0.88 1.23 1.38 1.92 2.29 mA
Voltage gain Vo/Vi 34 43 46 48 50 31 52
Total distortion:
at Vo, = 2 VRMS et 1.6 1.9 1.9 1.8 1.8 1.8 1.7 9
at Vo =4 VRms deot 2.3 3.0 3.8 3.8 3.6 3.6 3.5 9%
at Vg, = 6 VRMS deot 2.6 4.7 5.1 5.1 5.0 4.9 4.8 @
Anode supply voltage Vg 100 150 200 250 300 350 400 V
Anode resistor R, 220 220 220 220 220 220 220 k@
Grid resistor next stage Rgv 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 = 2 VRMS deot Lae  1:7 1.7/ 1.6 1.6 1.6 1.6 %
at Vo =4 VRuvs deot 2.5 3.0 3.0 2.9 2.9 2.8 2.7 %
at Vg = 6 VRS deor 3.2 4.4 4.4 4.4 4.4 4.3 4.2 9
Phase inverter - circuit fig.4
Supply voltage Vb 250 350 A%
Anode voltage Vi 65 90 Vv
Anode resistor Ra, Ry 100 150 k2
Cathode resistor Ry 68 82 k2
Anode current I+l 1.0 1.2 mA
Voltage gain Vo/V, A ,—-Z«Z—
Output voltage Vo 7 20 10 35 VRMS
(Grid current = 0.3 pA)
Total distortion deot 0.6 1.8 0.5 1.8 %

V, should be adjusted to the specified value for I5+l,r
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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,

Q0luF

10M0)

1004,

A

033MQ QOIF

10M.L0)

7204413

250 350 vV
1200 820 Q
1.08 1.7 mA
58 62
7 35 9 45 VRwMs
L 35:9 0.7 3.5 %
Fig. 1
00ILF
Ry Y%
Fig. 2
'7201;512
00WF
Rg/ Vo
Fig. 3
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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.C. or D.C.
Series or parallel supply

Vf 6.3 V

If 0.3 A

Ia 10 mA

S 9 mA/V

DIMENSIONS AND CONNECTIONS

Base: Noval

g3s 92
@) (D
1
1.C. 9 g
ic@ Ok
a &)
f 720400

Dimensions in mm

4|

7204009
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CHARACTERISTICS

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

I 1I I

Heater voltage Vs 6.3 v
Heater current I¢ 300 | 285 - 315 mA
Anode voltage Va 210 A%
Grid No.3 voltagg VgS 0 A%
Grid No.2 voltage Vg, 120 v
Cathode resistor Rk_ 165 Q
Anode current Iy 10| 8.7-11.3 7 | mA
Grid No.2 current Ig2 2.111.7- 2.5 1.25 | mA
Mutual conductance S 917.8-10.2 6.4 ma/V
Internal resistance Ry 0.5 [ min. 0.3 MQ
Amplification factor

grid No.2 to grid No.1 ugzgl 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 Vg1 max. 0.5 mVRMS

Grid resistor Rg1 =0.5 MQ2

Cathode resistor by passed
Cut off voltage —Vgl 5| max.5.25 v
Anode voltage Va 210 v
Grid No.3 voltage VgS 0 A%
Grid No.2 voltage ng 120 A%
Anode current I, 0.5 mA
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CHARACTERISTICS (continued)

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

Voltage between electrodes V = 250 V

CAPACITANCES

Radiation capacitances measured to a
32 mm, height 98 mm.

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

Grid No.! 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. 1l

Grid No.l to heater

Cathode to heater

Grid No.l radiation capacitance

Anode radiation capacitance

LIFE EXPECTANCY

surrounding cylinder, internal diameter

I II
Cgl/g)ggkls‘ 10.8 pF
CJ/‘»,)&.»;H5 3.5 | max. 4.1 | pF
Cag, max. 15| mpF
CL,“ max.0.15 | pF
Cki 4 pF
Cm-l max.25 mpF
Cra max.25 mpF

When the tube is operated under the following conditions the range values of the
characteristics in column IIl 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

Va 210
VgS 0
Vi, 120
Ry 165

v

e~
~/

December 1968
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LIMITING VALUES (Design centre rating system)

Anode voltage Vao max. 550 V

M max. 210 V
Anode dissipation Wy max. 2.1 W
Grid No.2 voltage \/8‘20 max. 550 V

ng max. 210 V
Grid No. 2 dissipation Wgz max., 0.35 W
Grid No.1 voltage —\"gl max. 100V
Grid No. 1 voltage, peak —'\"glp max. 200 V

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 e 1 MQ
Cathode current I 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 Vig max. 100V

Bulb temperature (absolute maximum) ilb max. 170 ©C

OPERATING CHARACTERISTICS
Output tube. Class A

Anode voltage Va 120 210 Vv
Grid No.3 voltage Vg3 0 0 Vv
Grid No.2 supply voltage Vpg, 120 120 Vv
Grid Nc.2 resistor Rg,) 5.6 546 k2
Cathode resistor Rk~ 180 180 Q
Anode current L, 8.3 8:3 mA
Grid No.2 current Ig,7 L7 L7 mA
Mutual conductance ) 8.2 8.2 mA/V
Internal resistance Ry 0.42 0.44 M
Load resistance Rao 10 20 k2
Input voltage Vi 0..35 L.l - 0.25 1.1 - VRMS
Grid No.1l current +Igl = - 0.3 - - 0.3 uA
Grid No.l resistor Rg1 - - 0.33 - - 0.33 M
Total distortion dtot - 10 - - 10 - %
Output power Wo 50 340 400 50 660 870 mW
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7206707 = 5.hc.6.
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7320

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

Low interface resistance
Mechanical quality

Base

Heating

Heater voltage
Heater current
Anode current
Mutual conductance

Output power, one tube

10000 hours

Shock and vibration resistant
Noval

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

Ve 6:3 ¥

If 760 mA

Iy 48 mA

S 11.3 mA/V
Wo 6 W

DIMENSIONS AND CONNECTIONS

Base: Noval

f 720430

Dimensions in mm

max7l.4
max 778

N

:

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 11

Heater voltage Vs 6.3 \Y%
Heater current I¢ 760 | 720-- 800 mA
Anode voltage Va 250 \Y
Grid No. 2 voltage \’g,7 250 A"
Cathode resistor Rk 135 Q
Anode current Ia 48 | 42 - 34| min. 32| mA
Grid No.2 current Iy, 5.5 4 - 7 mA
Mutual conductance S i 11.3 9.2 - 13.4 [ min. 7.5 | mA/V
Amplification factor Hgog 19
Internal resistance Rj 40 k2
Negative grid current Igl max. 0.5|max.1.0|uA
As triode
Anode voltage Va 250
Cathode resistor Rk 270 Q
Anode current Iy 34 mA
Mutual conductance S 10.2 mA/V
Amplification factor n 180
Internal resistance R 1.8 k2
Leakage current between
cathode and heater Ik max. 12.5 KA

Voltage between cathode

and heater Vig = 100 V
Insulation resistance between
electrodes R min. 100 MQ

Voltage between electrodes =
300 V
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E84L

CAPACITANCES
I II

Anode to grid No.2, grid No.3

cathode and heater Ca/g2g3kf 6.0 5.2 - 6.8]|pF
Grid No. 1 to grid No. 2, grid No.3

cathode and heater Cgl/ggg;;kf 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 conditionsare not intended to beused 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 Va, max. 600 V
Va max. 4350 V
Anode dissipation W, max. 13.5 W
Grid No. 2 voltage Vg20 max. 600 V
ng max. 450 V
Grid No. 2 dissipation
Continuously Wg2 max. 2.2 W
Peak value in case of exitation
by speech and music Wg2p max. 4.4 W

December 1968 )



E84L

LIMITING VALUES (continued)
Grid No.1 dissipation
Grid No. 1 voltage
Cathode current
Grid resistor
Fixed bias
Automatic bias
Voltage between cathode and heater

Bulb temperature

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

ng

-\fgl
Ik

Rey
Rgl
Vs
thulb

max.

max.

max.

max.

max.

max.

max.

0.5 W
100V

75 mA
0.5 MQ
1.0 MQ
100V

225 °g

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 Va 250 v
Grid No.2 voltage \r’g2 230 Vv
Cathode resistor Rk 135 Q
Load resistance Ra~ 4.5 k2
Input voltage Vi 0 0.3 3.5 4.4 4.8hHvpys
Anode current Iy 48 30:.5 30.5 mA
Grid No.2 current Ig, RS 10.0 11.0 mA
Output power W‘: 0 0.05 4.5 3/ 6.0 W
Total distortion diot 7B 10
Second harmonic do 5.7 5.0 o
Third harmonic d3 4.5 8.0 §
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E84L

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

Anode voltage Va 250 AY
Grid No. 2 voltage Vg, 250

Cathode resistance Rk— 135 Q
Load resistance Ra~ 5.2 k2
Input voltage Vi 0 0.3 3.4 4.3 4.7YVyus
Anode current 1 43 49.5 49.2 mA
Grid No.2 current Ig, 5.9 10.8 11.6 mA
Output power W; 0 0.05 4.5 57 6.0 W
Total distortion diot 6.8 10 %
Second harmonic dy 3.0 2.0 %
Third harmonic ds 9:8 9.5 %
Anode voltage Va 250 v
Grid No.2 voltage Vgy 250 Vv
Cathode resistance Rk 210 Q
Load resistance Ran~ 7.0 k2
Input voltage Vi 0% 0.3 3 B 51) VRMS
Anode current Iy 36 36.8 36 mA
Grid No.2 current Igz 4.1 8.5 14.6 mA
Output power Wo 0 0.05 4.2 5.6 W
Total distortion diot 10 %
Second harmonic do 1.7 %
Third harmonic ds 8.7 %
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E84L

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

Anode voltage Va 2350 A%
Grid No. 2 voltage Vg2 210 AY
Cathode resistor Ry 160 Q
Load resistance Ry 70 kQ
Input voltage Vi 0 0.3 3.4 3.8) Vpus
Anode current Ia 36 36.6 36.5 mA
Grid No.2 current Ig, 3.9 7.3 8.0 mA
Output power Wo 0 0.05 4.3 4.7 W
Total distortion deot 10 %
Second harmonic do 1.8 %
Third harmonic ds 9.3 %

Output tube class AB (two tubes) 2)

Anode voltage Va 250 300 A%
Grid No.2 voltage ng 250 300 v
Cathode resistor Ry 130 130 Q
Load resistance Raa~ 8 8 k2
Input voltage Vi 0 8 0 103)VRpms
Anode current Ia 2x31  2x37.5 2x36  2x46 mA
Grid No.2 current Ig2 2x3.5 27,5 2x4  2x11 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
Grid No. 2 voltage
Grid No.1 voltage
Load resistance
Input voltage
Anode current
Grid No.2 current
Output power

Total distortion

As triode

Output tube class A (one tube)

Anode voltage
Cathode resistor

Load resistance

Input voltage
Anode current
Output power

Total distortion

Output tube class AB (2 tubes)

Anode voltage
Cathode resistor

Load resistance

Input voltage
Anode current
Output power

Total distortion

1y Grid No.1 current
2) Measured with fixe

V5 250 300 A%
Vgs 250 300 v
_Vgl 11.6 14.7 v
Raa . 8 8 kQ
Vi 0 8 0 103)VRMms
Iq 2x10 2x37.5 2%7.5 2x46 mA
Ig2 25l . 1 2x7:5 2x0.8 2x11 mA
Wo 0 11 0 17 W
deot 3 4 %
Va 250 AY
Rk 270 Q
Ra 3.5 kQ
P
Vi 0 1.0 6.7 VRMS
Iy 34 36 mA
W, 0 0.05 1.95
deot 9.0 %
Va 250 300 AY
Ry 270 270 Q
Raa o 10 10 kQ
Vi 0 0.95 8.3 0 0.9 10 VRMS
I 2x20 2x21.7  2x24 2x26 mA
Wo 0 0.05 3.4 0 0.05 5.2 W
dtot 2.5 2.5 %
I, = 0.3 uA
dg ias 3) With speech and music signal
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E86C

S.Q. TUBE

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

oscillating mixer (max. frequency 800 MHz).

QUICK REFERENCE DATA

Life

L_ow 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

Vi 6.3 V

I 165 mA

Ty 12 mA

S 14 mA/V

DIMENSIONS AND CONNECTIONS

Base: Noval

f 7204 465

Dimensions in mm,

max55.6

o |
B
3 e
£
|
e
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E86C

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

1 II 111
Heater voltage Vi 6.3 \
Heater current I 165 155 - 175 mA
Anode supply voltage Vba 185 \
Grid supply voltage +Vhg 8 Vv
Cathode resistor Ry 800 Q
Anode current I, 12 | 11:2=12.8 | min. 10.5 | mA
Mutual conductance 8 14 [11.5- 17 |min. 9.5 | mA/V
Amplification factor I 68
Negative grid current _IL’ max. 0.5 ] max. 1.0 |uA
Cut -off voltage —\'u max. 5 \
Anode current I; = 0.1 mA
Equivalent noise resistance Req 250 2
Input resistance ry 2 k2
Frequency = 100 MHz
Phase angle ol slope (PS -7 0
Frequency = 100 MHz
Leakuage current between
cathode and heater Ikt max. 10 HA
Voltage between cathode
and heater Vir = 100 V
Insulation resistance between
anode and other electrodes Rins min. 100 MQ
Voltage between anode and
other electrode = 300 V
Insulation resistance between
grid and other clectrode Ring min. 100 MQ

Voltage between grid and
other electrode = 100 V

[3%]
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E86C

CAPACITANCES I I

Anode to grid C-dg 2 L= 2.8 | 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 Cgt max. 0.3 {pF
Cathode to grid and heater Ck/gf 6.6 5.5= 7.7 | pF
Anode to grid and heater Ca/gf 2.1 | L:758=2.45 | pF
Grid to cathode and heater Co/kf 349 3.8~ 4.5 {pF
Anode to cathode and heater Ca/kt 0.3 10.25-0.35 | pF

Grid to cathode Cgk 5:6 pF

Anode current I; = 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 Cos/kf 4.2 3.6~ 4.8 | pF
Anode to cathode and heater Ca/kf 025 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 cach of 4 positions to an acceleration of 500 g
supplied by an NRL shock machine with the hammer lifted over an angle of 302,

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 6.6 V will shorten
the tube life. The tolerance of heater current (column II) should
be taken into account.
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E86C

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vao max. ¢
Va max. :
Anode dissipation Wy max. !
Grid voltage -Vg max.
Grid dissipation Wgo max.
Grid resistor Rg max .
Cathode current Ik max .
Voltage between cathode and heater Vit max.
Bulb temperature thulb max.
Frequency (as amplifier) f up to

OPERATING CHARACTERISTICS

As R.F. amplifier, grounded grid

Anode supply voltage Vha 185
Grid supply voltage Vbg 8
Cathode resistor Rk 800
Anode current Iy 12
Mutual conductance S 14
As mixer

Anode supply voltage Vha 220
Anode resistor Ry 3.6
Grid resistor Rg 47
Anode current Iy 12
Grid current Iy 30

20 mW
1.2 MQ

20 mA

165 °C

800 MHz
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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 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¢ 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 Q@

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

A A
o
QS
NIv
Q| x
EU

g
\

v

7203450
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E88C

CHARACTERISTICS

Column I Nominal value

I Range values for equipment design: Initial spread

I II

Heater voltage V¢ 6.3 v
Heater current Ig 165 157-173 | mA
Anode voltage Va 160 v
Grid voltage —Vg 1,29 v
Anode current Iy 12.5 mA
Mutual conductance S 135 mA/V
Amplification factor U 70
Internal resistance Rj 5.2 kQ
Equivalent noise resistance Req 240 Q
Noise figure F 9.6 dB

Frequency 850 MHz

Bandwidth 15 MHz
Anode supply voltage Vba 170 A%
Cathode resistor Rk 820 Q
Grid supply voltage +ng 9 Vv
Anode current I 12.:5 mA
Mutual conductance S 13.5 | 10.5-16.5 | mA/V
Anode supply voltage Vba 161 Vv
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. 0.1 [rA
Leakage current between
cathode and heater Ixf max. 15 upA

Voltage between cathode
and heater Vif = 125V

January 1972



E88C

CHARACTERISTICS (continued) | 1 |

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

I I I I

Anode to cathode and heater Ca/kf 30 | 35- 65 mpF
Grid to cathode and heater Cg/kt |3.8|3.2-4.4 pF
Anode to grid Cag 1.7 | 1:4=2.0 | 1.1 | 0.9 = 1.8 | pE

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 Vpa 170 'V
Grid supply voltage +Vhg g vV
Cathode resistor Rk 820 @

1y 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 Vag 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. 0V
Grid disspation Wg max. 50 mW
Grid resistor Rg max. 1 M@

Cathode resistor R = 100 @

Voltage between cathode and heater

Cathode positive Vii(k+ max. 125 'V
Cathode negative Vkf(k-) max. 60V
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 Vha 200 v

Ancde resistor Ry L5 kQ
Cathode resistor Rk 150 Q

Input voltage Vi 0_5—/5_1_65 VRMS
Anode current I 11.4 12.8 mA
Output voltage Vo 0 2.0 6.0 VRMmsD
Inter modulation ratio min. 26 dB

Sync. impuls compression max.30 %

1y Value of the sync. level with video modulation according to CCIR and with
Z = 60 Q2.
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6922 E88CC

S.Q. TUBE

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

QUICK REFERENCE DATA
Life 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 Ig 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
max 22.2
T [}
N
o™
|0
B E
.
7202565
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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 Vg 6.3 \Y
Heater current If 300 | 285 - 315 mA
Anode supply voltage Vba 100 \Y%
Grid supply voltage +ng 9 \Y
Cathode resistor Ry 680 Q
Anode current L, 15(14.2 - 15.8| min.13.5| mA
Mutual conductance S 12.5 |10. 5~ 15| min. 9| mA/V
Amplification factor “ 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 kR
Frequency = 100 MHz
Start of grid current Vg 0.75 VRMS
Negative grid current —Ig max. 0.1 |max. 1} uA
Anode voltage Va 90 Vv
Anode current I, 15 mA
Anode supply voltage Vba 90 v
Cathode resistor Ry 120 Q
Anode current Iy 12 mA
Mutual conductance S 1%.5 mA/V
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E88CC

CHARACTERISTICS (continued) I II I
Cut-off voltage Vg 6.5] 5~ 8.5 \Y
Anode voltage Va 150 A%
Anode current L4 0.1 mA
Difference in grid voltage
of two sections Vg-Vg' max. 2 |max. 2|V
Anode voltage Va =Va' | 150 v
Anode current Ip =15’ 0.1 mA
Anode supply voltage Vba 150 A%
Negative grid voltage —Vg 15 v
Anode current Iy max. S5 HA
In circuit fig.1 "pag.7"
Anode supply voltage Vba 150 v
Anode current (not permitted
continuously) Iy 33| 28~ 38 mA
Anode supply voltage Vba 60 A%
Anode current Iy max. 9 mA
Leakage current between
cathode and heater Iif 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 Rins min.100 [min. 20 | MQ
Voltage between electrodes
=200V
Hum voltage Vg max. 50 “V RMS
Centre heater transformer
earthed

Grid resistor Rg =0.5 MQ
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E88CC

CAPACITANCES Both sections if applicable

I 1I

Anode to cathode, heater and screen Ca/kfs 1.75]1.55 - 1.95| pF
Ca'/K'fs 1.65|1.45-'1.85| pF

Anode to cathode and heater Ca/kf 0.5 0.4 - 0.6|pF
Ca'/x'f 0.4] 0.3- 0.5|pF

Grid to cathode, heater and screen Cg/kfs 3.3 2.7 - 3:9|pF
Grid to cathode and heater Cg/kf 3.3 2.7 - 3.9|pF
,Anode to grid Cag 1.4 1.2 - 1.6|pF
Anode to cathode Cak 0.18(0.14 - 0.22| pF
Cathode to heater Cye 2.6 pF
Ckt 2.7 pF

Anode to screen Cas 13§ 1.1 = 2.5{pF
Anode to grid, heater and screen Ca/gfs 3.0f 2.7 - 3.3|pF
Ca'/g'fs 2.9 2.6 - 3.2|pF

Cathode to grid, heater and screen Ck/gfs 6.0] 5.1 - 6.9|pF
Anode to anode other section Caat max. 0.045]| pF
Grid to grid other section Cgg' max. 0.005| pF
Anode to grid other section Cag" ca'g max. 0.005| pF
Grid to cathode other section Cgk“ Cg'k 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 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 10000 hours under the following conditions:

Anode supply voltage Vba 100 Vv
Grid supply voltage +ng 9 Vv —_—
Cathode resistor Ry 680 S—
Grid resistor Rg 47 k@
Voltage between cathode and heater (cath.neg.) Vi 60 V
Anode current Iy 15 mA
LIMITING VALUES Design centre rating system
Anode voltage Vao max. 550 V
Anode voltage Va max. 400 V
(Zero cathode current)
Anode voltage Vy max. 220 V
Anode voltage Va max. 250 V
(Max. anode dissipation 0.8 W)
Anode dissipation W, max. 1.5 W
Anode dissipation W, 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 V
Max. pulse duration 200 usec "B
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 5



E88CC

LIMITING VALUES (continued)

Voltage between cathode and heater

Cathode positive Vs max. 150 V
Cathode negative Vi max. 100 V
Bulb temperature (Absolute max.) thulb max. 170 °C
Grid resistor Rg 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
Qutput tube class A

Anode voltage Vg 220 \Y%
Load resistance Ra~ 20 k2
Grid voltage -Vg 6. v
Input voltage Vi OA_I_/S—;_S VRMS
Anode current In 6.5 9.2 mA
Output power Wo 0.05 0.5 W
Total distortion diot 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 Wo 0.05 1.2 W
Total distortion deot 3 %
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E88CC

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

Speech and music inputsignal

Anode voltage Va 200 A%
Load resistance Ri-ax 10 kQ
Grid voltage Vg 1 6 AY
Input voltage Vi 0 0.9 4.0 VgrMS
Anode current Iy 2x5 2%x13.5 mA
Output power Wo 0.05 1.5 W
Total distortion diot 4 %
Anode supply voltage Vba 60 90 150 'V
Anode resistor Ry 0 1 3.9 k@
Grid resistor Rg 1 1 1 MQ
Oscillator voltage Vosc 2 2:3 3 VRMS
Anode current Iy 4.7 7.7 11 mA
Conversion conductance Sc 2/9 3.3 4.1 mA/V
Internal resistance Rj 8.3 7 6.1 k@

03MA
——
&'

7206836

Fig.1
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5920 E90CC

S.Q. TUBE

Special quality double triode designed for use in computer circuits.

QUICK REFERENCE DATA

Life expectancy 10000 hours

Low interface resistance

Base Miniature, 7 pin
Heating Direct
A.C. or D.C.
Series or parallel supply
Heater voltage V¢ 6.3 V
Heater current It 400 mA
DIMENSIONS AND CONNECTIONS Dimensions in mm
max19
LAl d
Y
e
=
el
5%
£ T
| &

k

7204466

7203216
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E90CC

CHARACTERISTICS

Column I

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

IIl Range values for equipment design: End of life

I 11 111

Heater voltage V¢ 6.3 \Y%
Heater current It 400 | 380 - 420 mA
Anode voltage /g 100 Vv
Negative grid voltage -Vg 2.1 A%
Anode current Iy 8.5 4.5 -12.5 mA
Mutual conductance S 6.0 mA/V
Amplification factor M 27
Anode voltage Va 100 Vv
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| pA
Anode supply voltage Vpa 150 A%
Anode resistor Ry 20 kQ
Grid resistor Rg 47 k2
Anode current Iy 5.6 5.0- 6.2| min.4.5| mA

Grid supply voltage Vg 0 Vv
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" max. 2| max. 2|V

Anode current I =13' [ 0.1 A%
Leakage current
between cathode and heater Ikt max. 15 | max. 30 | pA

Voltage between cathode and

heater Vit 100 Vv
Insulation between two electrodes Rjpg min. 100 [ min. 20| MQ

Voltage between electrodes A% 300 A%
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E90CC

CAPACITANCES Each system if applicable.

I 1I

Anode to cathode and heater Ca/kf 0.35]10.25 - 0.45| pF

Cav/k's 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 29 2.0 = 3.0 |pF
Grid to heater Cgf max. 0.15]|pF

Cg'f max. 0.3 | pF
Anode to anode other section Caat max. 1.4 | pF
Grid to grid other section Cgg' max. 0.22]pF
Anode to grid other section Cag' max. 0.35]|pF
Grid to anode other section Cga' max. 0.15| pF
Cathode to heater Ckf 69 pF

LIFE

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

I = 8 mA
+200v B
S Igr = O0mA
E Vit = 100 V (k pos)

72046518

[o%]
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E90CC

LIMITING VALUES (Absolute max. rating system)

Anode voltage Va, max.

Va max.

Anode dissipation Wa max.

V,

Grid voltage Vg max

-Vg max.

Grid peak voltage -V gp max.

Grid current Ig max.

Grid, peak current Ig max.
max. pulse duration 2.5 msec P

Cathode current Ik max.

Cathode peak current Ikp max.

max. pulse duration 2 msec

Voltage between cathode and heater Vi max.

Grid resistor, automatic bias Rg max.

fixed bias Rg max.

Bulb temperature thulb max.

Heater voltage: The average heater should be 6.3 V.

~
n

100

170

=

vV

MA

mA

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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7534 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 Iy 100 mA

Mutual conductance S 27.5 mA/V

Output power, one tube W, 11.5 W

two tubes, class AB W, 60 W
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Octal Jnax 39.7
=

all

max 113
_ max127

P

7204103

max 4?

7204106
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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

I 11 111

Heater voltage Vg 6.3 Vv
Heater current I¢ 1.7 ] 162 =1.78 A
Anode voltage Va 250 Vv
Grid No.2 voltage Vg, 150 v
Grid No.1 voltage _Vgl 15.5 \'
Anode current L, 100 mA
Grid No.2 current Igz 4 mA
Mutual conductance S 2755 mA/V
Amplification factor Hgogy 6.5
Internal resistance Rj 10 k2
Anode supply voltage Via 275 v
Grid No.2 supply voltage ngZ 180 Y
Positive grid No.l supply

voltage ngl 15: % A
Cathode resistor Rk 300 Q
Anode current L5 100 85 = 115 ifacfejosf mA
Grid No.2 current Igz 4 | max. 6 mA
Mutual conductance S 27.5 | 22,5 -82.5 (rincife?(;s mA/V
Negative grid No.l current —Igl max. 0.5 | max. 1 pA
Cut off voltage

Anode voltage Va 250 v

Grid No.2 voltage e 150 A

Anode current I, 1 mA

Negative grid No.l voltage —-Vgl max. 30 \Y
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E130L

CHARACTERISTICS (continued)
I 1

Insulation resistance
between one electrode and all
other electrodes measured

with V = 400 V Risol min. 100 | min. 20 | MQ
CAPACITANCES Without external shield I 1I
Grid No.1 to grid No.3, grid No.2,

cathode and heater Cgl/g3gf;kf 35 pF
Anode to grid No.3, grid No.2,

cathode and heater Ca/ng,kf 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 conditions are not intended to be used as normal operating con-
ditions.

Shock

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

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

LIFE

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

Anode supply voltage Vba 275 ¥
Grid No.2 supply voltage ngz 180 V
Grid No.l supply voltage -I—ngL L5L.7 WV
Cathode resistor Ry 300 @
Grid No.l resistor Rg1 47 kQ

Voltage between cathode and heater .
‘cathode positive Vit (k pos) 100V
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LIMITING VALUES (Absolute max. rating system)

Anode voltage Va, max. 2000 V
Va max. 900 V
- Anode and grid No.2 voltage Va+g2 max. 250 V
o (triode connection)
E Anode peak voltage +V ap max. 8000 V
Pulse duration: 18% of a cycle
Anode peak voltage 'Vap max. 2000 V
Anode dissipation Wy max. 27.5 W
Anode plus grid No.2 dissipation Wa+gr; max. 27.5 W
(triode connection) -
Grid No.2 voltage \’gzo max. 550 V
ng max. 250 V
Grid No.2 dissipation Wg,) max. 5 W
Grid No.l voltage —\’g; max. 130 V
-i-\"gl max. 15 V
Grid No. 1 dissipation ng‘ max. 0.1 W
Grid No. 1 resistor with fixed bias Rgl max. 0.5 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 Ikp 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 Vkf (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 A%
Grid No.2 voltage ng 150 \Y%
Grid No.1 voltage —Vgl 15.5 Vv
Load resistance Ra 2:7 kQ
Input voltage Vi 3.82 VRMS
Anode current Iy 100 mA
-3 ] ’) -

Grid No.2 current Ig2 18 mA
Output power W, 1.5 W
Total distortion dtot 10 a

Output tube class AB (2 tubes)

Anode voltage Va 300 Vv
Grid No.2 voltage ng 150 \'
Grid No.l voltage —Vgl 17 \
Load resistance Raa _ 1.6 k2
Input voltage Vi 0 0.24 9.0 VRMS
Anode current I, 2x80 ® 2x182 mA
Grid No.2 current Ig, 2x2.5 = 2x22 mA
Output power W; 0 0.05 60 W
Total distortion deot - = 5 9
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7062

E180CC

S.Q. TUBE

Special quality double triode designed for use in computer circuits.

QUICK REFERENCE DATA

Life test
Low interface resistance
Base

Heating

Heater voltage

Heater current

10000 hours

Noval

Indirect
A.C. or D.C.; parallel supply
Ve 6.3 or 12.6 V

If 400 or 200 mA

DIMENSIONS AND CONNECTIONS

Base: Noval

T 7z0ua3

Dimensions in mm

max 603
max 66.7

A
7206438
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E180CC

CHARACTERISTICS

Column I Nominal value or setting of the tube

II Range values for equipment design: Initial spread

III Range values for equipment design: End of life

. I II 111
E Heater voltage (pin 9 and 4 and 5) V; 6.3 A%
— Heater current 1 400 | 380 - 420 mA
Heater voltage (pin 4 and 5) V¢ 12.6 Vv
Heater current Ig 200 mA
Anode voltage Ve 150 A
Grid voltage —Vg 1.85 Vv
Anode current I, 8:5 mA
Mutual conductance S 6.4 mA/V
Amplification factor u 46
Internal resistance Ry 7 o2 kQ
Anode voltage Va 150 AY
Cathode resistor Ry 220 Q
Anode current 15 8.5 6.3-10.7 | min. 5.0 | mA
Mutual conductance S 6.4({5.3- 8.1 | min.4.0 | mA/V
Negative grid current —Ig max. 0.2 | max.1.0 [ uA
Cut off voltage —Vg 7.5 v
Anode voltage vV, 150 v
Anode current Iz max. 150 | max.150 |uA
Difference in grid voltage
of 2 sections ‘Vg-Vg'l max. 2 |max. 2|V
Anode voltage Vi 150 v
Anode current L, 0.15 mA
2 December 1968



E180CC

CHARACTERISTICS (continued)
I 1I 111
Anode voltage ' 100 v
Grid voltage —Vg 0.8 v -
Anode current L 8.5 mA —
Mutual conductance S 7.8 mA/V E
Amplification factor u 50
Internal resistance R 6.4 kQ
Anode voltage Va 100 v
Grid supply voltage +ng 100 Vv
Grid resistor Rg 0.5 MR
Anode current I, 17.8 | 13.6-22.0 [ min.9.5 | mA
Leakage current between
cathode and heater It max. 15 |max. 30 | uA
Voltage between cathode
and heater Vi = 200 V
Series resistor = 1 MQ2
Insulation resistance between
two electrodes min. 100 |min. 20 | MQ
Voltage between electrodes
V=275V
CAPACITANCES Without external screen
Each system if applicable ! 11
Anode to cathode and heater Ca/kt 0.5 0.3- 0.7 | pF
Anode to cathode and heater Cq' /k't 0.45 | 0.25-0.65 | pF
Grid to cathode and heater Cg/kf 3D 3.0- 4.0 | pF
Anode to grid Cag 2.2 1.8- 2.6 | pF
Anode to grid Cayg 2.3 1.9- 2.7 | pF
Cathode to heater Cks 3D pF
Anode to anode other section Caa' max. 1.3 |pF
Grid to grid other section ngv max. 0.06 | pF
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 Vba 150 Vv
Grid supply voltage ng 150 V
Anode resistor R, 2.6 k@
Grid resistor Rg 1.5 M@ (Ig = 100 uA)
Voltage between cathode and heater (k pos) Vkf 200 V
LIMITING VALUES (Absolute max. rating system)
Anode voltage Vao max. 600 V
vV, max. 275 V
Anode dissipation Wa max. 2.0 W
Grid, voltage —Vg max. 100 V
Grid, peak voltage —Vgp max. 200 V
Max. pulse duration = 10 us
Max. duty factor = 0.01
Grid voltage +Vg max. 1 V
Grid current Ig max. 2 mA
Grid, peak current Igp max. 50 mA
Max. pulse duration = 10 us
Max. duty factor = 0.01
Cathode current I max. 20 mA
Cathode, peak current Ix max. 200 mA

Max. pulse duration = 10 us

Max. duty factor = 0.01
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E180CC

LIMITING VALUES (continued)

Voltage between cathode and heater,

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

with automatic bias Rg max. 1.0 MQ
Bulb temperature tbulb max. 170 °C

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

Variations of the heater voltage exceeding the range of 6.0 V

to 6.6 V will shorten the tube life.

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

into account.
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6688 E180F

S.Q. TUBE

Special quality pentode designed for use as wide band amplifier.

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 Vi 6.3 V
Heater current I¢ 300 mA
Anode current la 13 mA
Mutual conductance 5 16.5 mA/V
Equivalent noise resistance Req 330 €
Hum voltage Vi max . 100 uv

DIMENSIONS AND CONNECTIONS Dimensions in min

Base: Noval

f 7200168
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E180F

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

I I 111

Heater voltage Vi 6.3 Vv
Heater current Iy 300 | 285- 315 mA
Anode supply voltage Vba 190 \Y%
Grid No.3 voltage VgB 0 v
Grid No.2 supply voltage ng7 160 Vv
Grid No. 1l supply voltage ngl 9 v
Cathode resistor Ry 630 Q
Anode current I, 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(14.2-18.8 | min. 11| mA/V
Amplification factor

grid No.2 to grid No. 1 “ngl 50
Internal resistance Rj 90 | min. 45 k2
Equivalent noise resistance Req 330 | max. 650 Q
Negative grid No.l current —Igl max. 0.5| max. 1.0 | uA
Fquivalent grid hum voltage Vgl max. 100 HVRMS

Grid resistor Rgl =0.5 MQ

Centre tap of heater trans-

former grounded
Distortion do 1.6 %

Load resistor Ry = 1 k&2

Input voltage Vi = 100 mVRMS
Cathode heating time 12 | max. 18 sec
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E180F

CHARACTERISTICS (continued)

I 11
Anode supply voltage Vpa 180 \
Grid No. 3 voltage vélg 0
Grid No.2 supply voltage ngg 150 A%
Cathode resistor Ry 100 Q
Anode current I, 115 mA
Grid No.2 current 1 o 2.9 mA
Mutual conductance S 15.5 mA/V
Cut -off voltage —vﬂl max.4.5| V
Anode voltage Vg 180 A%
Grid No.2 voltage Voo, 150 \%
Grid No.3 voltage Vg3 0 v
Anode current I 0.8 mA
Start of grid No.l current —Vgl max.0.5| V
Grid No.l current Igl =0.3 MA
Input resistance rg, 2000 Q
Frequency = 100 MHz
Phase angle of the slope ) o
Frequency = 50 MHz
Pin | connected to pin 3
Leakage current between
cathode and heater 1§93 max. 15 | uA
Voltage between cathode
and heater Vig =60 V
Insulation resistance between
two electrodes min. 20 | MQ

December 1968 3



E180F

CHARACTERISTICS AS TRIODE

(g9 connected to anode) 1 11
Anode supply voltage Vpa 160
Grid No.3 voltage Vg3 0
Grid No.1 voltage +ng1 9 Vv
Cathode resistor R 620 Q
Anode current I 16.5 mA
Mutual conductance S 21 mA/V
Amplification factor % 50
Internal resistance Rj 2.4 k2
Equivalent noise resistance ch 225 Q
CAPACITANCES . With external shield
Anode to grid No.3, grid No.2,

cathode and heater Ca/ngzkf 30125-3.5]|pFl)
Grid No.1 to grid No.3, grid No.2,

cathode and heater

(I, = 0 mA) Cg\/g3gakt 7.5 6.6-8.4|pF1)
(Ix = 16.3 mA, f = 100 MHz) : Cy|/g3gokt 1.1 pF 1)

Anode to grid No. 1 Cagl 0.018 | max.0.03 | pF
Anode to cathode Cak max. 0.1 | pF
Grid No.l to heater Cglf 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 Vba 190 V

Grid No.3 voltage Vg3 0 Vv

Grid No.2 supply voltage VbQZ 160

Grid No.1 supply voltage +Vy 9 V
) g

Cathode resistor Ry 630

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vao max. 400 vV
Vg max. 210V
Anode dissipation W, max. 3 W
Grid No.2 voltage Vg, max. 400
20
ng max. 175V
Grid No.2 dissipation Wg2 max. 0.9
Cathode current I max. 25 mA
Grid No.1 voltage +Vgl max. 0
—Vgl max. 50
Grid No.l peak voltage —Vglp max. 100
Grid resistor, fixed bias Rgl max. 0.25 MQ
automatic bias qu max . 0.5 M@
Voltage between cathode and heater Vkf max. 60 V
Bulb temperature thulb . max. 155 oC

Heater voltage: The average heater voltage should be 6.3 V.
Variations of the heater voltage exceeding the range of 6.0 V to
6.6 V will shorten the tube life.
The tolerance of heater current (column II) should be taken into
account.
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7119 E182CC

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 Vi 6.30r12.6 V
Heater current Ig 640 or 320 mA
Anode current Ia 36 mA
Mutual conductance 8 15 mA/V
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval
max 22
[ S —
i
3
~
o ‘
58
E'3
£
W_JL
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E182CC

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 II 111

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

Anode voltage Va 150

Anode current Ia max. 0.2 mA
Leakage current between
cathode and heater Ik max. 15 |max. 30 | uA

Voltage between cathode

and heater = 200 V
Insulation resistance between
two electrodes min. 100 | min. 20 | MQ
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CAPACITANCES Each system if applicable

I 11

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

Ca'/k'f 1.0 ] 0.65-1.35| pF
Grid to cathode and heater Cg/kf 6.0 5.3- 6.7 | pF
Anode to grid Cag 4.0 3.4- 4.6 | pF

Ca'g' 4.1 3.4- 4.8 | pF
Cathode to heater Ckt 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&2
Grid supply voltage Vbg 150 Vv
Grid resistor Rg 62 k2

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

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vagy ' max. 600 V
Va max. 300 V

Anode dissipation Wa max. 4.5 W
Anode dissipation (both sections) Wata' max. 8.0 W
Grid voltage -Vg max. 100 V
+Vg max. 1 Vv
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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 IgD max. 200 mA
Pulse duration max. 10 us A
Duty factor max. 0.01
Cathode current Ix 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 Vit max. 200 V
d.c. componént Vit max. 120 V
Bulb temperature tbulb max. 160 ©OC
Grid resistor with automatic bias Rg max. 1 MQ
Grid resistor with fixed bias Rg max. 0.5 MSQ

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 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 Vi 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 wuV

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

; 7200168 T 9204050
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E186F

CHARACTERISTICS

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

I 11 111

Heater voltage Vi 6.8 \Y%
Heater current If 320 | 300- 340 mA
Anode supply voltage Vba 190 \Y%
Grid No.3 voltage Vg3 0 \%
Grid No.2 supply voltage ng2 160 v
Grid No.1 supply voltage +ngl 9 A
Cathode resistor R 630 Q
Anode current L, 13 12.2-13.8 |min.11.5 | mA
Grid No.2 current Ig2 3.3 2.9~ 3.7 mA
Mutual conductance S 16.5| 14.2-18.6 |min. 11 | mA/V
Amplification factor

grid No.2 to grid No.1 ug”»gl 53
Internal resistance R; 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 Vv
Grid No.3 voltage Vg3 0 Vv
Grid No.2 supply voltage ngZ 150 Vv
Cathode resistor Rk 100 Q
Anode current Iy 115 mA
Grid No.2 current Ig2 2.9 mA
Mutual conductance S 155 mA/V
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E186F

Anode supply voltage Vba =216V
Anode resistor Ry = 2 k2

Grid No.2 supply voltage Vpg, = 160 V
Grid No.3 voltage \’g3 =0V )

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

Grid No.l supply voltage +ngl =9V

Acceleration (peak value) = 10 g

CHARACTERISTICS (continued) I 11 111
Cut -off voltage —Vgl 4,5 Vv
Anode voltage Vs 180 \Y
Grid No.3 voltage '\'gs 0 v
Grid No.2 voltage \’gz 150 AY
Anode current 158 max.0.8 mA
Leakage current between
cathode and heater Ige max. 10 [ max.20 | A
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 Vg1 max. 100 uV
Grid No.l resistor Rgl =0.5 M2
Centre tapping of heater trans-
former grounded
Cathode resistor by-passed
Vibrational noise output
With vibration frequency = 50-2000 Hz Vg1 max . 500 mVpMS
With vibration frequency = 50 Hz \'gl max . 200 mVens
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E186F

CAPACITANCES . With external shield
Anode to grid No.3, grid No.2 I 1 | 11

cathode, heater and screen Ca/gSg?kfs 3.45 pF
Grid No.1 to grid No.3, grid No.2
cathode, heater and screen Cgl/gsgzkfs 7.6 pF
Anode to grid No.1 Cagl max.0.03 | pF
i

SHOCK AND VIBRATION RESISTANCE

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

Shock

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

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

LIFE

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

Anode supply voltage Vba 190 Vv
Grid No. 3 voltage Vg3 0 Vv
Grid No.2 voltage ng 160 V
Grid No.1 supply voltage +ng1 9 Vv
Cathode resistor Rk 630 Q
Voltage between cathode and

heater (cathode negative) Vkf 70 'V
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E186F

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vao max. 400 V
Va max. 210 V
Anode dissipation W, max. 3 W
Grid No.2 dissipation Wgz max. 0.7 W
Grid No.2 voltage ngo max. 400 V
ng max. 175 V
Grid No.1 voltage
positive +Vg1 max. 0 Vv
negative —Vgl max. 50
negative peak —Vglp max. 100 V
Grid No.1 resistor
fixed bias Rgl max. 0.25 MQ
automatic bias Rgl max. 0.5 MQ
Cathode current I 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 (column II) should be taken into
account.
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7308

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

Mechanical quality
Base

Heating

Heater voltage
Heater current

Anode current

Hum voltage

Low interface resistance

Mutual conductance
Equivalent noise resistance

Noise factor (f = 200 MHz)

10000 hours

Shock and vibration resistant

Noval. Gold plated pins

Indirect

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

Vi

If

max.
g

6.3 V
335 mA
15 mA
12.5 mA/V
250 Q
4.6 dB
50 HVRMms

DIMENSIONS AND CONNECTIONS

Base: Noval

max 49.2
max55.6 |

4

7204036

7233450

Dimensions in mm
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E188CC

CHARACTERISTICS

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

I 11 I11

Heater voltage Vi 6.3 \Y%
Heater current If 335 318- 352 mA
Anode supply voltage Vba 100

Grid supply voltage +Vhe 9 Y
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 M 33

Negative grid current —Ig max. 0.1 | max. 1.0 | uA
Equivalent noise resistance Req 250 Q

Frequency f = 45 MHz

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

Frequency f = 200 MHz

Input resistance r 3 k2

Frequency f = 100 MHz

Cut off voltage _Vgl 15 \Y
Anode voltage Va 150 Vv
Anode current Ia max. S mA

Anode supply voltage Vpa 90 Vv

Cathode resistor Ry 120 Q

Anode current Iy 12 mA

Mutual conductance S 11,5 mA/V
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E188CC

CHARACTERISTICS (continued)

Leakage current between
cathode and heater

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

1I

111

Tkt

max. 6

max. 12

MA

Insulation resistance
between two electrodes

Voltage between electrodes V=200 V

min. 100

min. 20

MQ

Hum voltage

Grid resistor Rgl =0.5 MR

max. 50

HVRms

Vibrational noise output

Anode supply voltage Vha = 100 V
Anode resistor Ry = 2 k2
Grid supply voltage +Vpg = 9V

Cathode resistor Rk = 680 @2
(by passed)

Vibration frequency f = 10-50 Hz

Acceleration = 2.5 g

max. 100

mV

Vibrational noise output

Anode supply voltage Vba = 270 V
Anode resistor Ry = 18 k2

Grid resistor Rg =1 MQ

Cathode resistor R = 180 2

By pass capacitor Ck = 50 uF
Vibration frequency f = 50-5000 Hz

Acceleration =0.5 g

max. 140

mV
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CAPACITANCES. Both sections if not otherwise indicated.

I II

Anode to cathode, heater and screen Ca/kfs 1.75 | 1.55-1.95 | pF

Ca'/k'fs 1,65 | 1.45-=1.85 | pF
Anode to cathode and heater Ca/kf 0.5 0.4- 0.6 | pF

Ca'/k'f 0.4 0.3- 0.5 | pF
Grid to cathode, heater and screen Cg/kfs 3.3 2.7- 3.9 |pF
Grid to cathode and heater Cg/kf 3.3 2.7- 3.9 pF
Anode to grid Cag 1.4 1.2= 1.6 | pF
Anode to cathode Cak 0.18 | 0.14-0.22 | pF
Cathode to heater Ckf 2.6 pF

Ck't 2.7 pF
Anode to screen Cas 1-..3 1.1- 1.5 |pF
Anode to grid, heater and screen Ca/gfs 3.0 2.7~ 3.3 | pF

Ca'/gfs 2.9 2.6- 3.2 | pF
Cathode to grid, heater and screen Ck/gfs 6.0 5.1- 6.9 | pF
Anode to anode other section Caa’' 0.025 | max.0.045 | pF
Grid to grid other section Cgg' max.0.005 | pF
Anode to grid other section 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 III)

under the following conditions during 10000 hours.

Anode supply voltage Vba 100V
Grid supply voltage +Vbg 9 Vv
Cathode resistor Rk 680
Grid resistor Rg 47 kQ
Cathode to heater voltage
(k neg) Vit 60 V
LIMITING VALUES (Absolute max. rating system)
Anode voltage Va,
Va
Anode voltage (Zero anode current) V4(1a = 0)
Anode dissipation W,
Wa
Both sections Wa+a'
Grid dissipation Wg
Grid voltage ~Vg
Grid peak voltage —Vgp
Pulse duration max. 200 us
Duty factor max. 0.1
Cathode current Ik
Cathode peak current Ikp
Pulse duration max. 200 us
Duty factor max. 0.1%
Voltage between cathode and heater
cathode positive Vi (k pos)
cathode negative Vis(k neg)
Bulb temperature thulb
Grid resistor with fixed bias Rg
with automatic bias Rg

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

550
250
400

2.0
2.2

30
110
200

22
110

150
100
165

0.5
1.0

£ £ 2 < < <

< <

mA
mA

e
MQ
MO
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LIMITING VALUES (continued)

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

6.6 V will shorten the tube life.

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

account.

OPERATING CHARACTERISTICS

Additive mixer

Anode supply voltage
Anode resistor

Grid resistor

Grid oscillator voltage
Anode current
Conversion conductance

Internal resistance

Output tube class A

Anode voltage

Load resistance
Negative grid voltage
Input voltage

Anode current
Output power

Total distortion

W,

dtot

(8%
w O ~1

90 150 'V
1 3.9 kQ
1 1 M@
25 3 VRMS
P T 11 mA
3.5 4.1 mA/V
7 6.1 kQ
220 v
20 k&2
6.5 Y
1.5 4.5 VRus
= 9.2 mA
0.05 0.5 W
7 %

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

Anode voltage

Load resistance
Negative grid voltage
Input voltage

Anode current

Output power

Total distortion

Va

5

200 v
22 k2
6 A%
O R0 Ve
= 2x9 mA
0.05 1.2 W
_ 3 9
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E188CC

OPERATING CHARACTERISTICS (continued)

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

Anode voltage Va 200
Load resistance Raa 10
Negative grid voltage —Vg 6
P—
Input voltage Vi 0 0.9 4,
Anode current Iy 2%5 - 2513
Output power W, - 0.05 1.
Total distortion diot - -
: — : . 7201416_Sohh33 o
I i
I / 1,
‘i T f mA)
I I
! ]
I
{44 F+Hso
) [ /
I I
i 1
t A
: StaF 60
8 éﬁ%x f
N R Iy <
IEETIES
J
] J
+ f 40
H I
I
I
I
11y ]
Vi ]
I/ Vi
T frH 20
] / /
[ Vi
4 p.
0
=10 Y (W) =5 0 5

k2
vV

mA
W
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MAINTENANCE TYPE E235L

S.Q. TUBE

Special quality tube designed for use as wide band amplifier, power output tube

and series regulator tube.

QUICK REFERENCE DATA

Life test

Low interface resistance
Mechanical quality

Base

Heating

Heater voltage
Heater current
Anode current
Mutual conductance

Output power. Class B (two tubes)

10000 hours

Shock and vibration resistant

Octal

Indirect

A.C. or D.C.; Parallel supply
Ve 6.3 V

Ig 1.2 A

L 100 mA

S 14 mA/V
Wo 30 W

DIMENSIONS AND CONNECTIONS

Base: Octal

Dimensions in mm

max 100

:—moxm.S

Tyu

7204461

‘mux33 >
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E235L

CHARACTERISTICS

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

1 1I 111

Heater voltage \5 6.3 \Y
Heater current If 1.211.12-1.28 A
Anode voltage Va 100 A%
Grid No.2 voltage ng 100 \'
Cathode resistor Ry 75 Q
Anode current I 100 85- 118 |min. 65 | mA
Grid No.2 current Ig2 5.2 4.0- 6.5 mA
Mutual conductance S 141 11.5-16.5 |min. 9.5 | mA/V
Amplification factor Hgogy 5.6
Internal resistance Rj 5.0 k2
Cut off voltage —Vgl 35 Vv

Anode current I, 0.1 mA
Negative grid current —Igl max. 1 |max. 2 |uA
As tricde. (Grid No.2 connected to anode)
Anode voltage Va 100 \Y
Cathode resistor Rg 85 Q
Anode current Ia 100 mA
Mutual conductance S 14 mA/V
Amplification factor Y] 5.2
Internal resistance Ri 0.35 k2
Insulation resistance between;

Anode and other electrodes Rins min. 100 MQ

Grid No.l and other electrodes Ripgs min. 100 MQ
Leakage current between
cathode and heater Ik max. 20 HA

2 MAINTENANCE TYPE December 1968



E235L

CAPACITANCES
Anode to grid No.2, grid No.3, [ L | K I
cathode and heater Ca/ngskf 9 8- 10| pF
Grid Ne.1 to grid No.2, grid No.3,
cathode and heater cgl/ngSkf 18 16.5-19.5 | pF
Anode to grid No.1 Cagl max. 1.2]| pF

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 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. 650 V
Va max. 400 V
Anode dissipation Wy max. 15 W
Anode + grid No.2 dissipation Wa+g2 max. 16 W
Grid No.2 voltage ngo max. 650 V
Vg2 max. 300 V
Grid No.2 dissipation Wg2 max. 5.5 W
Grid No.1 resistor Rgl max. 0.5 MR

Cathode current I max. 220 mA
Tav = 10 ms
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E235L

LIMITING VALUES (continued)

Cathode peak current

Ix max.

Voltage between cathode and heater

cathode positive
cathode negative

Bulb temperature

Vit (k pos) max.
Vg (kneg) max.

tbulb max.

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

OPERATING CHARACTERISTICS

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

Anode voltage
Grid No.2 voltage
Grid No.l voltage
Load resistor

Grid No.2 resistor

Input voltage
Anode current
Grid No.2 current
Output power

Total distortion

uously permitted.

Vy 250
ng 170
-Vg, 34
Raa. 3
Rg2 2x0.5
Vi 0 22
I 2x12 2x94
IgZ 2x1 2x28
Wo 0 30
Bosw - 6

1.2 A

220 °¢

contin-

v
-

v

kQ
)

VRMS
mA
mA

W

1y To avoid overloading of grid No.2 this resistor should not be by-passed.
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MAINTENANCE TYPE E236L

S.Q. TUBE

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

QUICK REFERENCE DATA
Life test 10000 hours

Low interface resistance

Mechanical quality Shock and vibration resistant
Base Octal
Heating Indirect
A.C. or D.C.; parallel supply
Heater voltage Vs 6.3 V
Heater current ¢ 1.2 A
Anode current Iy 100 mA
Mutual conductance S 14 mA/V
Output power. Class B (2 tubes) W, 30 W
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Octal 635
o
i
=)
3
w E
o
8
&
U a
| vy
pI max33 7204758
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E236L

CHARACTERISTICS

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

I II 111
Heater voltage Vg 6.3 A%
Heater current I¢ 1.2] §.22 - 1..28 A
Anode voltage Vy 100 Vv
Grid No. 2 voltage Vg,) 100 Vv
Cathode resistor Rk_ 73 Q
Anode current Iy 100 85 - 118 | min. 65 |mA
Grid No.2 current Ig? D 2 4.0 - 6.5 mA
Mutual conductance S ) 14111.5 -16.5 | min.9.5 [mA/V
Amplification factor “g2gl 5.6
Internal resistance Rj 5,0 k@
Cut-off voltage —Vgl 35 v
Anode current T 01 mA
Negative grid No.l current -Igl max. 1 | max. 2 [uA
Cut-off voltage —Vgl max. 120 A%
Anode voltage Vg 7 kVp
Grid No. 2 voltage ng 190 Vv
Cathode current I 60 MA
As triode (grid No.2 connected to anode)
Anode voltage Va 100 v
Cathode resistor Rk 85 Q
Anode current Iy 100 mA
Mutual conductance S 14 mA/V
Amplification factor o 5.2
Internal resistance Rj 350 Q
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E236L

CHARACTERISTICS (continued)

i1

Insulation resistance between:

Anode and other electrodes Ring min. 100 | M2

Grid No. 1 and other electrodes Rins min. 100 | M2
Leakage current between
cathode and heater It max. 20 | uA
CAPACITANCES I 1
Anode to grid No.2, grid No. 3,

cathode and heater Ca/gz;g3kf 10 9- 11| pF

Grid No.1 to grid No.2, grid No.3,
cathode and heater Cgl/ngSKf 19| 17.5 - 20.5| pF

Anode to grid No.1 Ca’gl max. 1.1} pF

SHOCK AND VIBRATION RESISTANCE

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

Shock

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

Vibration

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

LIFE

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

LIMITING VALUES (Absolute max. rating system)

Anode voltage Vi, max. 630 V
Yy max. 400 V
Anode peak voltage +Vap max. 7 kV
—Vap max. 1.5 kV
Pulse duration = max. 18 usec
Duty factor = max. 0.22
Anode dissipation W, max. 15 W
Anode + grid No. 2 dissipation Wa+g.) max. 16 W
Grid No. 2 voltage ngO— max. 650 V
ng max. 300 V
Grid No. 2 dissipation Wgz max. 5.5 W
Grid No. 2 dissipation during heating
up of EHT diode Wg,) max. 7.0 W
Grid No. 1 peak voltage —Vgl_p max. 1 kv
Pulse duration = max. 18 usec
Duty factor = max. 0.22
Grid No. 1 resistor Rgl max. 0.5 MQ
Grid No. 1l resistor in line output
circuits Rgl max. 2.2 MQ
Cathode current Ik max. 220 mA
Cathode peak current Ikp max. 1.2 A
Averaging time = max. 10 msec
Voltage between cathode and heater
Cathode positive Vis (k pos) max. 250 VvV
Cathode negative Vs (k neg) max. 200 V
Bulb temperature thulb max. 220 ©C

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

OPERATING CHARACTERISTICS

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

mitted.
Anode voltage Va 250
Grid No.2 voltage \/gz 170
Grid No.1 voltage —\’gl 34
Load resistance Raa~ 3 k2
Grid No.2 resistor Rg., 2x0.5 kQ 1)
Input voltage Vi 0— 22 VRMS
Anode current Iy 2x12 2x94 mA
Grid No.2 current Ig,) 2%l 2x28 mA
Output power W; 0 30 W
Total distortion deot 6 %

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

7204753~ 12
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E280F

S.Q. TUBE

Special quality pentode designed for use as wide band amplifier.

QUICK REFERENCE DATA

Life test

Low interface resistance
Mechanical quality

Base

Heating

Heater voltage
Heater current
Anode current
Transconductance

Equivalent noise resistance

10000 hours

Shock and vibration resistant

Noval. Gold plated pins

Indirect

A.C. or D.C.; Parallel supply
Ve 6.3 V

I 315 mA
Iy 20 mA

S 26 mA/V
Regq 220 @

DIMENSIONS AND CONNECTIONS

Base: Noval -

Dimensions in mm

7204468
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E280F

CHARACTERISTICS

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

I II 111

Heater voltage Vg 6.3 A%
Heater current If 315 299- 331 mA
Anode supply voltage Vba 190 A%
Grid No.2 supply voltage ng? 160 A%
Grid No.3 voltage Vg3- 0 \Y
Grid No.1 supply voltage +ngl 8 Y
Cathode resistor Ry 370 Q
Anode current L, 20| 18.8-21.2| min. 17 [ mA
Grid No.2 current Igz 6] 5.8- 6.7 mA
Mutual conductance S 26 22- 30| min.17.5 | mA/V
Internal resistance Rj 100 k2
Amplification factor Hgog) 60
Negative grid current —Igl max. 0.3| max. 1.0 | uA
Equivalent noise resistance Req 220 Q
Input resistance g 1.4 k2

Pin 1 connected to pin 3

Frequency 100 MHz
S/C 2.2 mA/V/pF
5/24T(Cg+Ca+5 pF) 180 MHz
Anode supply voltage Vba 180 \%
Grid No.2 supply voltage ngz 150 \Y%
Grid No. 3 voltage Vg3 0
Cathode resistor Rg 80
Anode current I, 17 mA
Grid No.2 current Ig2 | 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 Vg 160
Grid No.l supply voltage +ng1 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 v 60
Equivalent noise resistance Regq 100 | Q2
CAPACITANCES Without external| With external
Grid No.1 to grid No.2, shicld ek

grid No.3, cathode, I I L 11

heater and screen Cgl/gngkfs 9.3]18.3-10.3 |9.4] 8.4-10.4 | pF
Anode to grid No.2,

grid No.3, cathode,

heater and screen Ca/gzgskfs 2.6 2.3- 2.9 |13.6]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/g2g3kf5 15.5 15:6 pF

Cathode current

Ik = 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.

Bhock

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 Va

o
Va
Anode dissipation Wi
Grid No.2 voltage ngo
Vgo
Grid No.2 dissipation Wg2
Cathode current Ik
Grid No.1 current Igl
Grid No.l voltage negative —Vgl
positive +Vgl
Grid No.! resistor Rgl
Voltage between cathode and heater
cathode positive Vkf (k pos)
cathode negative VKt (k neg)
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.

400

180

120
60
180

mA
mA
VvV
N
MQ

A%
A%
°c

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 190 190 190 190 190 V
Grid No.3 voltage Vg3 0 0 0 0 0 Vv
Grid No.2 supply voltage ng2 160 160 160 160 120 V
Grid No.l supply voltage +ngl 8 8 8 9 8 V
Cathode resistor Rk 370 500 780 630 730 @
Anode current Iy 20 15 100 13.5 10 mA
Grid No.2 current Ig2 6 4.5 3 4 2.8 mA
Mutual conductance S 26 23 19 22 20 mA/V
Internal resistance R; 100 120 155 130 155 kR
Amplification factor ug?gl 60 58 56 58 56
Equivalent noise
resistance Req 220 230 250 240 220 Q@

Input resistance rgy 1.4 1.5 1.7 .6 1.6 k@

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) Cgl/g2g3kfs 155 15 14.3 14.8 14.8 pF

S/2 'H‘(Cg+ Ca+5pF) 180 162 138 156 142 MHz
S/C 2.2 1.9 1:60 1.85 1.7 mA/V/pF
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E282F

S.Q. TUBE

Special quality pentode designed for useas wide band amplifier for frequencies

up to 250 MHz

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 If 350 mA

Anode current Ia 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

max 22

max4726

P

max 54.7
max61.7
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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 111

Heater voltage Vg 6.3 v
Heater current Ig 350 mA
Anode supply voltage Vpa 125 v
Grid No.2 supply voltage Vbg, 125 \Y
Grid No.3 voltage Vg3_ 0 mA/V
Grid No.1 supply voltage +ngl 12 A%
Cathode resistor Ry 300 Q
Anode current Iy 35| 33 - 37| min. 31 |mA
Grid No.2 current Ig7 114 9.9 - 12.% mA
Mutual conductance S i 26 22 - 30| min.17.5 | mA/V
Amplification factor Hgog) 27
Equivalent noise resistance Req 200 Q
Noise factor at 100 MHz F %

Adapted to minimum noise
Negative grid current _Igl max. 0.3| max. 1.0 | A
Anode supply voltage Vpa 135 v
Grid No.2 supply voltage Vbg, 125 A%
Grid No. 3 voltage Vg3~ 0 Vv
Grid No.1 supply voltage +\7}ng 12 Vv
Cathode resistor Ry 360 Q
Anode current Iy 30 mA
Grid No.2 current Yemy 9.5 mA
Mutual conductance S i 25 mA/V
Amplification factor ugzgl 27
Equivalent noise resistance Req 200 Q

no
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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 ngS 0 \% E
Grid No.1 supply voltage +ngl 12 v S—
Cathode resistor Rk 350 Q -
Anode current Iy 40 mA
Mutual conductance S 32 mA/V
Amplification factor u 25.5
Internal resistance Rj 800 Q
Equivalent noise resistance Req 100 Q
Leakage current between cathode
and heater Ikt max. O] WA

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 I 11
Grid No. 1 to grid No.2, grid No.3

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

cathode, heater and screen Cgl/gzggkfs 16 pF

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

cathode, heater and screen Ca/gzgskfs 26 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 Cat max. 100 |mpF

December 1968 3



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 Wa max. 4.2 W
Grid No. 2 voltage ngo max. 400 V
Vg2 max. 150 V
Grid No. 2 dissipation l) Wg2 max. 1.4 W
Grid voltage Vg max. 0 Vv
Grid resistor, automatic bias Rgl max. 0.5 MQ
Cathode current Ik max. 50 mA
Voltage between cathode and heater Vit max. 100 V
Bulb temperature thulb 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.

1y 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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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

10000 hours

Shock and vibration resistant

Noval

Indirect

A.C. or D.C.; parallel supplv

Heater voltage Vg 6.3
Heater current If 330
Anode current Iy 1.25
Mutual conductance S 1.6
Amplification factor u 10t
Hum voltage Section 1 Vg max
Section 2 Vg max !
DIMENSIONS AND CONNECTIONS T.on
Base: Noval
nax22
-
e
wi____ v
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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

I II 111

Heater voltage Vs 6.3 v
Heater current If 330 | 313 - 347 mA
Anode voltage Va 250 \%
Cathode resistor Rk 1.6 k2
Anode current Ia 1:25} 1.1 = 1.4 |min. 0.8 |mA
Mutual conductance S 1.6 1.3 -1.95 |min.1.05 | mA/V
Amplification factor M 100
Internal resistance Rj 62.5 kQ
Negative grid current -lg max. 0.2 [max. 0.5 |uA
Anode voltage Va 100 v
Cathode resistor Rk 2 kQ
Anode current Ia 0.5 mA
Mutual conductance S 1.25 mA/V
Amplification factor u 100
Internal resistance Rj 80 k2
Cut-off voltage -Vg max. 4 A
Anode voltage Va 250 \Y
Anode current Ly 20 UA
Grid current starting voltage —Vg max. 1 A%

Grid current +lg = 0.3 A
Leakage current between
cathode and heater Ipe max. 5 HA

Voltage between cathode

and heater Vig = 100 V

2 December 1968



E283CC

CHARACTERISTICS (continued)

Insulation resistance between electrodes I

Anode to all other electrodes R min. 300 | MQ
(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. S| MVRMS
Section 2 ng max. 15| uVRMS

Anode supply voltage Vg = 250 V
Anode resistor Ry = 100 k2
Grid resistor Rg =1 MQ

Vibrational noise Vg max. 10 | mV

Anode voltage V, = 250 V
Grid voltage —Vg =2V
Anode resistor Ry = 5 k&2
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/Kkfs 2.0 pF
Anode to cathode and screen Ca/kfs 2.0 pF
Anode to grid Cag 1.2 pF
Grid to heater Cgf max. 0.01 pF

Cg't max. 0.02 pF
Grid to grid other section Cgg’ 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

December 1968 3



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 32hours 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 Vi, max. 600 V
V, max. 300 V
Anode dissipation W, max. 1.2 W
Grid voltage —Vg max. 55 V
-i—Vg max. 0.5 V
Grid resistor with fixed bias Rg max. 1.2 MQ
with autom. bias Rg max. 2.2 MQ
Cathode current I max. 9 mA
Voltage between cathode and heater Vit max. 200 V
Bulb temperature thulb 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 Vba 200 230 300 350 400 V
Anode resistor R,y 47 47 47 47 47 k@2
Cathode resistor Rk 1500 1200 1000 820 680 £
Grid resistor next stage Ro 150 150 130 150 150 k&
Anode current Iy 0.86 1.18 1.55 1.98 2.45 mA
Output voltage at +Ig = 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 Ry 100 100 100 100 100 k<2
Cathode resistor Ry 1800 1500 1200 1000 820
Grid resistor next stage Ry 330 330 330 330 330 k2
Anode current Ia 0.65 0.86 1.11 1.40 1.72 mA
Output voltage at Hg = 0.3uA 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 Ra 220 220 220 220 220 k©2
Cathode resistor Ry 3300 2700 2200 1500 1200 €
Grid resistor next stage Ro 680 680 680 680 680 kQ
Anode current I 0.36 0.48 0.63 0.85 1.02 mA
Output voltage at Hg = 0.3 AV, 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 %

1y 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 2

Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor Ray 47 47 47 47 47 kQ
Grid resistor next stage Ro 150 150 150 150 150 k2
Anode current Ia 1.02 1.45 2.02 2.50 3.10 mA
Output voltage Vo 18 23 26 33 37 VRMS
Voltage gain Vo/Vi 37 39 41 44 45

Total distortion 1) - 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@
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 Vo/Vi 50 51 54 56 58

Total distortion 1) drot 3.9 2.6 2.0 1.8 1.6 %
Anode supply voltage Vba 200 250 300 350 400 V
Anode resistor Ra 220 220 220 220 220 k@
Grid resistor next stage Ro 680 680 680 680 680 k2
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) deot 4.6 2.7 2.2 1.7 1.4 %

l) 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 Vpa 100 150 200 250 300 350 400 V
Anode resistor R, 47 47 47 47 47 47 47 kQ
Grid resistor next stage R, 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:

Vo=2V dot 1.7 2.5 2.4 2.3 2.2 2.2 2.1 %

Vo=4V dige 2.1 4.6 4.7 4.6 4.5 4.2 4.2 %

Vo=6V dgor 6.0 5.2 5.6 5.6 55 5.5 54 %
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 Ia 0.24 0.56 0.83 1.23 1.58 1.92 2.29 mA
Voltage gain Vo/Vy 34 43 46 48 50 51 52
Total distortion at:

Vo=2V dio¢ 1.6 1.9 1.9 1.8 1.8 1.8 1.7 %

Vo =4V dgot 2.3 3.0 3.8 3.8 3.6 3.6 3.5 %

Vo=06V deot 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 Ry 680 680 680 680 680 680 680 k2
Anode current I, 0.14 0.32 0.49 0.67 0.8 1.05 1.23 mA
Voltage gain Vo/Vi 42 51 54 57 58 59 60
Total distortion at:

N, = 2V dot 1.6 1.7 1.7 1.6 1.6 1.6 1.6 %

Vo =4V dest 2:5 30 3.0 2.9 2.9 2.8 2.7 %

Vo=6V diot 3-2 4.4 4.4 4.4 4.4 4.3 4.2 F
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OPERATING CHARACTERISTICS (continued)

Phase inverter Fig.4 see page 9

Anode supply voltage Vba 250 350 A%
Anode voltage Vg 65 90 v
Cathode resistor Ry 68 82 k2
Anode resistor Ra,Ra? 100 150 kQ
Anode current I+ 1.0 1.2 mA
Voltage gain Vo/ Vi 25 27

Output voltage (+Ig =0.3uA) Vo 7——20 1775 VRMS
Total distortion 1) deot 0.6 1.8 0.5 1.8 %

V4 should be adjusted to the specified value of I + 15"

Phase inverter Fig.5 see page 9

Anode supply voltage Vba 250 350 v
Cathode resistor Rg 1200 820 Q
Anode current IpH,' 1.08 1.7 mA
Voltage gain Vol Vi 58 62

Output voltage (+Ig = 0.3 uA) Vo 7.0 35 9—_'75 VRMS
Total distortion 1) diot i ) 5.5 0.7 3.5 %

Figl

1y The distortion is about proportional to the output voltage.
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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 V¢ 6.3 V
Heater current I 475 mA
Anode current I, 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

v

f 7200000 7206478
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E288CC

CHARACTERISTICS

Column I  Nominal value or setting of the tube

II Range values for equipment design: Initial spread

III Range values for equipment design: End of life

I II o

Heater voltage Vg 6.3 A%
He<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>