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PREFACE

In order that you may obtain the maximum benefit from your Mullard Technical
Handbook, we ask you to read carefully this short description of the Handbook
Service and how it is organised.

By following the simple suggestions given you will ensure that your Handbook
is always up to date, and will avoid much unnecessary correspondence and
work both at your end and ours.

A THE HANDBOOK

LSl g The Mullard Technical Handbook is published in seven volumes plus a

general index.

You may possess the complete Handbook, or only one or more of the volumes.
Should you wish to obtain any volumes not in your possession, please write
to Mullard Central Technical Services for subscription terms, quoting the
serial number of your existing Handbook.

KEEPING THE HANDBOOK UP TO DATE

Each volume has a separate index, and is sent out complete with section
dividers and all current data sheets in their correct positions. As new or
revised sheets are issued, copies are sent to all subscribers, together with a

ﬁ list indicating the position in which each sheet should be filed.

ACKNOWLEDGMENT OF RECEIPT OF HANDBOOK

In order to ensure that these sheets reach the correct individual you are
earnestly requested, immediately upon receipt of your Handbook, to detach
and mail to us the “Acknowledgment of Receipt Card" which you will find
just inside the cover. Please make sure that the name and full address to
which supplements should be sent are clearly given in the space provided.

CHANGE OF ADDRESS OR OWNERSHIP

Any change in the name or address should be notified in a similar way by
using the “Change of Address or Ownership Card" also included at the front
R of each Handbook.
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FILING DATA SHEETS

The prompt use of these postcards will ensure that, as far as is humanly
possible, our mailing records and your Handbook are maintained up to date.
This can be achieved, however, only with the co-operation of Handbook
owners, not only by notifying us of change of address but by filing new data
sheets as soon as they are received and removing obsolete sheets.

Neglect of this simple task may lead to loss of data sheets, and an incomplete
Handbook congested with out-of-date information.

We occasionally receive letters from Handbook subscribers who have allowed
their Handbooks to become disorganised, asking whether they may return
them to us to be made up to date. Please note that we cannot undertake
this service. What we can do, however, is to send you a copy of the latest
index so that you can check the contents of your Handbook. We will then
send you, free of charge, copies of sheets which may be missing.

CORRESPONDENCE

Correspondence concerning the Handbook Service should be addressed to:
Mullard Limited,
Central Technical Services,
Muliard House,
Torrington Place,
London, W.C.1.

When writing, please quote the SERIAL NUMBER which is given on the
introduction page of each Handbook. This number links up with our records
and mailing system, and is repeated in the address on every set of supple-
mentary sheets issued. By quoting this number you will save us a great deal
of work and avoid delays in answering your letters.
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Mullard Technical Handbook
GENERAL INDEX TO YVOLUME ONE

This index of Mullard receiving and amplifying valves, special quality receiving
valves and television picture tubes will be reissued periodically to incorpcrate
the latest information. It does not include data sheets for maintenance type
receiving valves and cathode ray tubes which are contained in Volume 2.

Data sheets for types starred thus (*) have not yet been published but will be
issued when they are available. A guarantee that these valves and tubes will become
available is not implied by their inclusion in this list.

The issue number or date given against each type shows the latest information
published and should correspond to that given on the data sheet at the bottom
left-hand corner of each page.

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.

Sept. 67  Preface 4 Receiving and Amplifying Valves
Oct 67 General Index Vol. 1 4 (Gurrent Types}—erntd.

4 List of Symbolis 2 fel B0 BeCEL i

Feb 60 " c1-C7

PART | June 64 ECCB83 D1-D2

Receiving and Amplifying Valves P 160 " D3-D5

(Current Types) Aug 65 " c1-C3

Mar 63 Valve TYPe 2 Dec 65 ECCS85 D1-D2

Nomenclature Dec 65 . C1-Cé

Mar 60 General Operational 18 Aug 59 ECCs8 D1-D2

Recommendations Oct 59 . Cc1-C3

July 63 DM160 D1-D2 1  ECF80 10

Mar 60 " c1-C2 Sept 60 ECHS83 D1-D3

Dec 65 DY51 D1-D2 Sept 60 . ci-c7

Nov 65 " (& Nov 63 ECHB84 D1-D2

DY86 Nov 63 5 C1-C4

Oct 63 { pyey p1-b2 Mar 64 c5-Cé

Jan 66 DY802 D1-D2 2 ECL8O 17

Jan 66 " C1 1 ECL82 15

May 59 EAS2 D1-D2 Nov 63 ECL86 D1-D4

May 59 1 Nov 63 " c1-cs

2 EABCS80 10 Jan 60 EF80 D1-D2

2 EB91 3 Jan 60 " c1-c11

1 EBCS1 5 July 61  EF85 D1-D2

July 59 EBF83 D1-D2 July 64 ., c1-c2

July 59 c1-C3 Nov 60 C3-C5

1 EBF89 7 Dec 65 EF86 D1-D4

3 ECCst 11 Dec 65 C1-C11

(A=
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Mullard Technical Handbook

GENERAL INDEX TO VOLUME ONE

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Receiving and Amplifying Valves Receiving and Amplifying Valves
(Current Types)—contd. (Current Types)—contd.
Oct 61  EF91 D1-D2 Mar 61 PCC89 D1-D2
Oct 61 > C1-C13 Sept 60 . D3-D4
Oct 61 EF92 D1-D2 Feb 59 i c1-c2
Oct 61 . C1-C8 July 64 . C3-C4
Jan 63 EF95 D1-D2 Sept 62 PCC189 D1-D2
July 61 7 C1-Cé Sept 62 . Cc1-C3
Feb 62 EF183 D1-D4 3 PCF80 11
Aug 61 » c1-c2 June 63  PCF86 D1-D2
July 64 " C3-C4 Jan 62 ,, C1=C2
Aug 61 . C5-C10 Nov 60 " C3-C4
Feb 62 EF184 D1-D2 June 63 . C5-Cé
Sept 63 . C1-Cé Nov 60 " c7
May 63 . c7-c8 Mar 64 PCF801 D1-D3
Sept 63 i C9-C12 Mar 64 - c1-C2
Apr 64  EL360 D1-D2 July 64 o C3-C4
Oct 58 ,, D3 Mar 64 . C5-C12
July 60 " C1-C12 Oct 63 PCF802 D1-D3
Mar 61 o C13-C16 Oct 63 . C1-Cé
Hnand Glj-Caz Mar 63 PCF806 D1-D2
Feb 60 EMS81 D1-D2 June 62 . c1-c7
Pel B0 l Dec 65 PCH200 D1-D3
';‘3 :; Eiasr D1‘2$ Dec 65 . c1-c4

= Apr 60 PCL82 D1-D4
July 64 {32? D1-D2 July 60 5 C1-C14
July &4 . c1 July 59 PCL84 D1-D3
Jan 60 EZ80 D1 July 59 " c1-cs
Jan 60 G122 June 62 " c9
Jan 67 GY501 D1-D2 May 65 PCL85 D1-D4
May 65 - Cc1 May 65 " C1-C4
Apr 65 PCB86 D1-D2 Oct 61 ;o C5-C10
Oct 63 . c1-¢2 Oct 63 PCL86 D1-D3
July 63 PC88 D1-D2 Oct 63 " C1-Cé
July 63 3 c1-C2 Apr 67 PD500 D1-D2
Dec 65 PC900 D1-D2 Apr 67 " C1
Dec 65 . C1-C5 Feb 66  PFL200 D1-D2
Dec 65 PCC85 D1 Feb 66 ., C1-C13

()
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Mullard Technical Handbook

GENERAL INDEX TO VOLUME ONE

Issue No. Type Page Issue No. Type Pages
or Date No. or Date No.
Receiving and Amplifying Valves Receiving and Amplifying Valves
(Current Types)—contd. (Current Types)—contd.
Sept 61 PL36 D1-D2 July 60 UCHS1 D1-D3
Apr 61 N Cl=C2 July 60 - C1-C15
Sept 59 C3-C4 1 ucLe2 13
Apr 61 . C5-Cé Nov 59  UF89 D1-D2
N 9 - ~
June 62 o 7 N & ule 5153
g:z 2: PEGHA '2::22 Mar 61 c1-c1
” Feb 60 UY85 D1-D2
2 PL3 5 Feb 60 c1-Ca
May 59 PLB4 D1-D2 Jan 63  6AS6 D1-D2
Mar 60 " C1-Ceé Aug 59 . c1-cs
Dec 65 PL500 D1-pP3
Dec 65 5 Cc1-C7 PART li
Dec 65  PL504 D1-D3 Special Quality Receiving Valves
Dec 65 ” c1-c7 Nov 58  General Notes 3
Mar 66 PL505 D1-D2 Apr 65 ES5L D1-D2
Mar 66 - c1-C2 Sept 62 . D3
Aug 67 PL508 D1-D2 May 62 T Cc1-C10
Apr 66 ) C1-C3 Oct 61 E8OCF D1-D4
Mar 67  PL509 D1-D2 Oct 61 " C1-Cé
Mar 67 - C1-C4 July 64 E88C D1-D2
May 67 PL802 D1-D3 Nov 64 - Cc1
May 67 " C1-C3 Feb 63 E88CC D1-D2
June 59 PY81 D1-D2 May 66 " D3-D4
June 59 % Cc1 Feb 64 5 C1-Cé
May 59 PY88 D1 May 66 " C7-C8
June 61 ¥ c1 Sept 63  E180F D1-D2
July 65 PY500 D1-D2 Jan 64 - D3-D4
July 65 - Cc1 Aug 64 % C1-C8
May 65 PY800 D1 July 67 EB10F D1-D4
May 65 " C1 Mar 66 " D5
Feb 60 UABCS80 D1-D3 Feb 64 55 c1-C2
Feb 60 - c1-C7 Jan 63 » C3-C4
1 UBF89 9 Feb 64 5 C5-Cé
Dec 65 UCC85 D1-D3 Jan 63 o C7-Cs8
Dec 65 - c1-C8 Mar 66 .. C9-C11
(—
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Mullard Technical Handbook

GENERAL INDEX TO YOLUME ONE
Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Special Quality Receiving Valves Television Picture Tubes (Current
—contd. Types)
Data sheets for cathode ray tubes for
July 65 EC1000 D1-D3 other applications are in Volume 3.
July 65 W c1-C2 Sept 67 Tube Type
Apr 66 ECC2000 D1-D4 , g‘°’“e"|°'g”re | 2
eneral Operational
Apr 66 ” C1-C5 Recommendations 11
June 60  M8079 D1-Dé Sept 67  Screen Type ‘W’ 1
June 60 % c1 Sept 67  A28-14W D1-D10
Apr & 116063 orDe | G Aviw  Drdio
e = .
Nov 58 W C1-C12 Feb 66 } Cl-C4
June 60 M80% Dit-D6 Jan 66  A47-14W D1-D9
Oct 59 % c1-C2 Jan 66 5 C1-C4
Jan 63 M8100 D1-D2 Sept 67  A47-26W D1-D8
e 60 o-be ::ay Z; A49-11X D(1:11—3(1:;1
1-C6 pr - 5
Mar 59 " ¢ Apr 67 . c1-C3
June 60 M8136 D1-Dé Feb 66  A59-11W D1-D10
Sept 59 " C1-Cé Feb 66 5 C1-C4
Apr 64 . Cc7-C8 Jan 66  A59-15W D1-D9
June 60 M8137 D1-D6 Jr:“ Z; gt g:‘gg
ay = -
Nov 59 " c1-C2 May 67 . C1-C4
fuly G MG DI-D2 |l Apr 67  A63-11X D1-D8
Sept 60 ” D3-Dé Jan 67 5 D9-D12
Sept 59 . C1-C2 Sept 67 v D13-D21
Mar 59 a C3-C10 Jan 67 " C1-C3
June 63 M8162 D1-D2 Eet 22 ABa-1TV Dé;Dég
June 60, D3-D6 ; ; val B
isceiilaneous vailves
July 61 " c1-cé Apr 60  ME1400 D1-D2
Jan 63 M8196 D1-D2 Bpr 8@ c1-Cs
Aug 60 " D3-Dé 3 ME1401 4
Apr 59 % C1-Cé Aug 66 ME1402 D1-D2
Apr 61 3840 p-pé o 5; ME1403 D1 3;
ct -
Oct 38 A2l oc e, c1-Cé
Mar 61 6021 D1-Dé May 59 ME1404 D1-D2
Apr 59 . c1-C2 May 59 - c1-C2
(A
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Mullard Technical Handbook

GENERAL INDEX TO VOLUME ONE
Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Special Quality Receiving Valves Television Picture Tubes (Current
—contd. Types)—contd.
Jan 63 MB819%6 D1-D2 Feb 66 A47-11W D1-D190
Aug 60 . D3-Dé6 Feb 66 ¥ C1-C4
Apr 59 . C1-Cé Jan 66  A47-14W D1-D9
June 60 M8212 p1-De | 1 66 B cles
May 66 1 Feb 66 A59-11W D1-D10
5 " Feb 66 . c1-c4
Apr %1 B4D DD Jan 66 A59-15W D1-D9
Oct 58 c1-c2 Jan 66 i Ci-C4
Mar 61 6021 D1-Dé6 *  A63-11X
Apr 59 ” c1-C2 Feb 66 A65-11W D1-D106
Feb 66 ' C1-C4
Television Picture Tubes (Current Miscellaneous Valves
Trpes) Apr 60  ME1400 D1-D2
Data sheets for cathode ray tubes for Apr 60 . C1-C5
other applications are in Volume 3. 3 ME1401 4
July 62  Tube Type +  HETIR .
Nomenclature 2 Oct 58 ME1403 D1-D2
3 General Operational Oct 58 ” C1-Cé
Recommendations 1" May 59 ME1404 D1-D2
1 Screen Type ‘W’ 1 May 59 . ci-C2
()
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RECEIVING GENERAL OPERATIONAL
VALVES RECOMMENDATIONS

The following recommendations have been based on the British Standard Code of
Practice CP1005: Parts 1 and 2, 1954, ** The Use of Electronic Valves ”.

1.

1.1

1.2

1.3

DEFINITIONS OF RATING SYSTEMS

Unless otherwise stated, all limiting values given in the Mullard Technical
Handbook are in accordance wih the design-centre rating system. The
design-maximum and absolute-maximum rating systems may be used in
certain circumstances. The following definitions of these three rating
systems are based on those agreed by the International Electrotechnical
Commission:—

Design-centre rating system

Design-centre ratings are limiting values of operating and environmental
conditions applicable to a bogey valve of a specified type as defined by its
published data, and should not be exceeded under normal conditions.

These values are chosen by the valve manufacturer to provide acceptable
serviceability of the valve in average applications, taking responsibility
for normal changes in operating conditions due to rated supply voltage
variation, equipment component variation, equipment control adjust-
ment, load variation, signal variation, environmental conditions, and
variations in the characteristics of all electron devices in the equipment.

The equipment manufacturer should design so that initially no design-
centre value for the intended service is exceeded with a bogey valve in
equipment operating at the stated normal supply voltage. A bogey valve
is one whose characteristics have the published nominal values for the
type. For a bogey valve for any particular application, only those character-
istics which are directly related to the application need be considered.

Design-maximum rating system

Design-maximum ratings are limiting values of operating and environ-
mental conditions applicable to a bogey valve of a specified type as defined
by its published data, and should not be exceeded under the worst
probable conditions.

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

The equipment manufacturer should design so that initially and through-
out life no design-maximum value for the intended service is exceeded
with a bogey valve under the worst probable operating conditions with
respect to supply-voltage variation, equipment component variation,
equipment control adjustment, load variation, signal variation, environ-
mental conditions and variations in characteristics of all other electron
devices in the equipment.

Absolute-maximum rating system

Absolute-maximum ratings are limiting values of operating and environ-
mental conditions applicable to any valve of a specified type as defined by
its published data, and should not be exceeded under the worst probable
conditions.

ca—
[Mullard]
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GENERAL OPERATIONAL RECEIVING
RECOMMENDATIONS VALVES

2.

241

2.2

These values are chosen by the valve manufacturer to provide acceptable
serviceability of the valve, taking no responsibility for equipment
variations, environmental variations, and the effects of changes in operat-
ing conditions due to variations in the characteristics of the valve under
consideration and all other electron devices in the equipment.

The equipment manufacturer should design so that initially and through-
out life no absolute-maximum value for the intended service is exceeded
with any valve under the worst probable operating conditions with
respect to supply voltage variations, equipment component variation,
equipment control adjustment, load variations, signal variation, environ-
mental conditions, and variations in characteristics of the valve under
consideration and of all other devices in the equipment.

INTERPRETATION OF DESIGN-CENTRE RATINGS

When the circuit designer uses the design-centre system he should realise
that the valve manufacturer takes into account the effects of normal
random variations in conditions and components and assumes that normal
good practice is followed in the design and use of components. No
allowance is made for discrete changes in conditions or components.

Rated supply voltage and its variation

In equipment which is to operate from the normal supply mains a voltage
tap should be provided for every declared mains voltage. Where this is
not practicable however, and two or more declared voltages are covered
by one tap, compliance with the design-centre system must be checked on
the highest and lowest declared voltages in each tap. For the purpose of
checking, all devices must be bogey.

If the equipment is checked in this way and the designer has complied
with all other relevant sections in these recommendations the equipment
can be operated from a supply that has normally-encountered voltage
variations of up to +109%,. (The normal ratio of power variation to voltage
variation of approximately 2 : 1 is assumed. If the ratio is greater than
2 :1ina particular circuit, the maximum permissible dissipation at which
any valve can operate must be reduced accordingly below the limiting
value.) Where a valve is recommended solely for low voltage operation
(as in the car-radio range) allowance has already been made for the varia-
tions in accumulator voltage, which can be greater than 109,. For further
recommendations see section 3.1.5.

For valves intended for operation from dry batteries where the relevant
maximum battery voltage is quoted under limiting values, due allowance
has already been made for the fact that the battery terminal voltage is
higher for a new battery and falls during life. For mains operation, the
maximum battery voltage quoted under limiting values should be taken
as the limiting value on the design centre system. For further recom-
mendations on battery and battery-mains operation of filamentary valves
see section 3.2.

Equipment components and their variations

In an equipment the operation of any one component is to some extent
dependent on every other component in that equipment. It is good practice
to use self bias, such as provided by a cathode resistor or grid current
bias (see section 5.3), rather than fixed bias. When this is done, further

() .
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RECEIVING GENERAL OPERATIONAL
VALVES RECOMMENDATIONS

2.3

24

2.5

2.6

components can be added as long as the added variations are not large
compared with those already existing, as in general the addition of a
component to a circuit reduces the effects of the variations of the other
components already in that circuit, besides adding the effect of its own
variations.

If a power valve or high-slope valve is operated within 209, of its maximum
dissipation rating, a +109, tolerance cathode-bias resistor should be used.
If a cathode-bias resistor cannot be used, then with a pentode or other
multigrid valve a screen-grid dropping resistor having a +109, tolerance
should be incorporated (see section 5.4). Similarly, with a triode a
dropping resistor should be used in the anode circuit (see section 5.6).
Valves should not be used in circuits where their operating conditions are
dependent on another circuit or valve, unless the more important trans-
ferred variations are small compared with the variations in the operating
conditions. When two valves are used in push-pull, for example, separate
cathode-bias resistors should be used.

Equipment control adjustment

The valve manufacturer’s responsibilities do not include conditions pro-
duced by gross maladjustment of controls which result in incorrect
operation of the equipment.

When a pentode or other multigrid valve is used under conditions where
the equipment control adjustment affects the valve operating conditions,
special attention must be paid to the screen-grid operating conditions
(see section 5.4).

In equipment which has multiple functions (e.g. transmitter/receivers,
t.v./f.m. receivers, etc.), it is assumed that the valves are used within their
ratings in all modes of equipment operation.

Load variation

The valve manufacturer takes responsibility for the changes in valve
operating conditions which are caused by the normal random variations
of any component connected externally as a load, provided that normal
good practice has been followed in the design and use of the component.
Where definite changes occur in the load, all ratings should be checked at
the worst long period running condition.

Signal variation

The valve manufacturer accepts responsibility for changes in the operating
conditions due to random variations in signal (fading etc.) but not due to
discrete changes (switching, or tuning to stations of varying strengths).
When a.g.c. is used, the operating conditions of the valves will change
with the strength of signal received. The operating conditions of all the
stages (controlled and uncontrolled) must therefore be checked under
their worst long period running conditions.

Environment

It is good practice to ensure that the bulb and base temperatures are kept
low. They should not exceed the published limiting values in the en-
vironment for which the equipment is designed. Where equipment may
be run under more than one condition it should be checked at each
condition. If the maximum temperature ratings are not given on the data
sheet of the valve in question, see Fig. 1 (Appendix Ill).

(@
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GENERAL OPERATIONAL RECEIVING
RECOMMENDATIONS VALVES

2.7

31.2

Care should be taken to ensure that the minimum pressure in the en-
vironment for which the equipment is designed is not less than the
published limit. In general, B7G and B9A based valves can be used at
pressures down to approximately 50mm Hg (that is up to altitudes of
about 60,000ft). The manufacturer’s advice should be sought if it is
desired to operate octal-based valves at pressures below 525mm Hg (that
is above altitudes of about 10,000ft).

Other electron devices

The valve manufacturer takes responsibility for changes in operating
conditions caused by the variations in the characteristics of all other
electron devices in the equipment, provided that normal good practice
has been followed in the use of each electron device, i.e. the added
variations are not large compared with those already existing.

HEATER AND FILAMENT RATINGS

Indirectly heated valves

Parallel operation (mains supply)

The heater voltage of individual valves must be within +79, of the rated
value (unless otherwise stated) when the supply voltage is at its nominal
value, and valves with bogey heater characteristics are employed.

This variation is normally dependent upon more than one factor. The total
variation may be taken as the square root of the sum of the squares of the
individual variations arising from the effects of the tolerances of the
separate factors, provided that no one of these deviations exceeds +59%,.

If a tap is used for more than one input voltage (as provided for in para-
graph 2.1) the heater voltage of each valve must be checked on the highest
and lowest declared voltages covered by the tap and should be within
+49, of the rated value.

Series operation (mains supply)

The heater current of series connected valves should be within +3.59,
of the rated value when the supply voltage is at its nominal value, and
valves with bogey heater characteristics are employed.

This variation is normally dependent upon more than one factor. The total
variation may be taken as the square root of the sum of the squares of
the individual variations arising from the effects of the tolerances of the
separate factors, provided that no one of these variations exceeds +2.59.

If a tap is used for more than one input voltage (as provided for in para-
graph 2.1) the heater current must be checked on the highest and lowest
declared voltages covered by the tap and should be within +29, of the
rated value.

In applications where a wide variation in the dynamic characteristics of
the valve is acceptable, as for example in simple a.m. broadcast receivers
and low-cost amplifiers, the heater current tolerance may be increased
from +3.59, to +59,. This allows for the use of three taps to cover the
range 200 to 250V even in applications where the chain consists mainly

(@
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RECEIVING GENERAL OPERATIONAL
VALVES RECOMMENDATIONS

3.14

3145

of a dropping resistor. It is permissible for the heater voltage to rise to a
maximum value 50%; in excess of the nominal rated value during switching
and the warming-up period when using valves with nominal heater
characteristics, unless otherwise stated.

Pulse and r.f. operation of heaters

When a valve heater is operated from a pulse or r.f. supply, special
care should be taken to ensure that the correct power is delivered to the
heater and that the peak voltage across the heater is not excessive.

In many rectifier applications, the valve will be required to supply only
small currents. In these cases a relaxation of the normal 479, heater
voltage tolerance is allowed for some valve types. Details of the permis-
sible relaxation are given on the appropriate data sheets.

Fluctuations in mains supply voltage

In addition to the tolerances quoted in 3.1.1, 3.1.2 and 3.1.3 above,
fluctuations in the mains supply voltage not exceeding +10°, are permis-
sible. These conditions are, however, the worst which are acceptable,
and it is better practice to maintain the heater as close to its nominal
rating as is possible.

Closer adherence to the rated heater voltage or current produces opti-
mum valve life and performance.

Parallel, series or series-parallel operation from accumulators

)

When valve heaters are supplied in parallel from a 6.3V ‘‘on charge’
accumulator, a resistor must be included to make up the difference
between the heater voltage and the ‘‘on charge’’ battery voltage of 7V.

When valve heaters are supplied from an accumulator and are connected
in a series-parallel arrangement, as is common for mobile operation,
equalising bars should be used: that is, the points in the parallel chains
which are at equal potential should be interconnected. It is necessary
to have at least two, and preferably three, heaters connected in paraliel
in the resulting series-parallel arrangements, so that the variations are
reduced to those which are expected with parallel operation. If this is
done, up to four 6.3V valves can be connected in series and fed from an
‘‘on charge’’ 24V accumulator, or two from a 12V accumulator, provided
that a resistor is included to make up the difference between the total
heater voltage and the nominal ‘‘on charge’’ battery voltage. The nominal
“‘on charge’’ battery voltages may be taken as 28V and 14V respectively.

If it is then required to operate from an accumulator that is not on charge,
e.g. under emergency conditions, the equipment designer must ensure
that his circuits will operate satisfactorily with any valves of the types in
question, both when new and throughout life. It is suggested that theseries
dropping resistor should be switched out of circuit during “‘off charge”
operation. The advice of the valve manufacturer can be sought on any
specific points. Where life and reliability are of particular importance,
with a series-parallel heater arrangement the supply voltage variation
should be kept to a minimum, preferably less than +29%,.

(C M

[Mullard|
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3.2 Filamentary Valves

3.2.1 Parallel operation

3.2.1.1 1.25V filamentary valves

Valves with 1.25V filaments are designed to be operated from a dry cell
with a rated terminal voltage of 1.3V. The lowest filament voltage at which
the valve may be expected to operate satisfactorily is approximately 1.0V.
If these valves are operated from dry cells with a rated terminal voltage
of 1.5V, a suitable dropping resistor must be used.

3.2.1.2 1.4V filamentary valves

Valves with 1.4V filaments are designed to be operated from a dry cell
with a rated terminal voltage of 1.5V. The lowest filament voltage at which
the valve may be expected to operate satisfactorily is approximately 1.1V.

3.2.2 Series operation

Valves with 1.4V filaments may be used with their filaments in series.
Valves with 1.25V filaments are not recommended for this form of
operation.

3.2.2.1 Operation from dry cells

If valves with 1.4V filaments are operated with their filaments in series
from dry cell batteries, shunting resistors will be required to by-pass
sufficient cathode current to ensure that the correct filament current
flows in the chain. In order to calculate the required value of shunt
resistor the division of cathode current between the two filament limbs
must be known or determined by measurement. In equipment which has
separate h.t. and l.t. batteries, the question of battery replacement must
be considered. If the bias for the output valve is not made independent of
the |.t. battery, large variations can occur in the cathode current of the
output stage when the h.t. and l.t. batteries are renewed at different
times.

For this reason the following circuit is preferred:

DAF DK DF DL

Lannd "

[Mullardl
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3.2.2.2 Mains operation

5.1

5.2
5.2.1

When valves are operated in series from the mains supply via a dropping
resistor, the voltage drop across each 1.4V filament section should have a
nominal value of 1.3V. At 1.3V the filament current of the 25mA range is
24mA and of the 50mA range is 48mA. The filament current in the chain
should be within 429, of these values. The voltage drop across the series re-
sistor should be at least six times the sum of the filament voltages in order
to minimise the effect of variation in the resistance of individual filaments.
The series resistor should preferably be adjusted in each receiver to the
required nominal value. It must have a positive temperature coefficient
and should be designed to reach a stable temperature shortly after switch-
ing on. If these recommendations are followed the equipment can be
operated from a mains supply that has normally-encountered voltage
variations of up to +109%,.

If the equipment is to be used on mains only, and not on dry cells, shunt
resistors can be used throughout, instead of the by-pass resistors shown
in the recommended circuit. In order to calculate the value of shunt
resistor required, the division of cathode current between the two
filament limbs must again be known.

CAPACITANCES

Unless otherwise stated, the capacitances quoted are measured at 1Mc/s
with the valve cold in a fully screened socket, with or without an external
shield, as stated on the individual data sheets. In practice, allowance
should be made for the increase in capacitances due to space-charge
effects in the valve, the capacitance of the valve holder itself, and the
wiring.

An explanation of symbols for capacitances is given in Appendix Il (p. 15).

VALVE ELECTRODES

General

Valves should always be operated with a d.c. connection between each
electrode and the cathode.

It should be noted that the secondary-emission characteristics of valve
electrodes may vary from valve to valve, and the use of these characteristics
is not in general recommended, except in the case of valves designed as
secondary-emission valves.

Cathode

Voltage between cathode and heater

The maximum values of cathode-to-heater voltage quoted on individual
data sheets are the maximum d.c. values (unless otherwise stated) and
apply to that side of the heater where the cathode-to-heater voltage is
greater.

Where a.c. or a.c. and d.c. exist between heater and cathode, the d.c.
component must not exceed the published value, and in addition the maxi-
mum instantaneous value occurring must never exceed twice the published
value, or 300V whichever is the lesser, unless a specific rating is quoted.
This applies to pulse voltages as well as sine-wave voltages.

Mullard
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5.2.2

5.2.3

5.3

The cathode-to-heater voltage should always be kept as low as possible,
and it is preferable to have the cathode positive with respect to the heater.
Where the cathode-to-heater voltage cannot be kept low, it is helpful,
in the interests of reliability, if the d.c. resistance is kept as high as possible,
consistent with the circuit requirements for hum and cathode-to-heater
leakage current.

External resistance between cathode and heater

When cathode resistors of high value are used, the valve performance may
be influenced by leakage between heater and cathode, which may give rise
to difficulties when valves are replaced or the leakage between heater and
cathode varies during life. A maximum value of 20k is therefore recom-
mended for the external resistance between cathode and heater. The
maximum may however be increased up to 1MQ if the d.c. component
of the cathode-to-heater voltage is such that its instantaneous value never
drops below three times the r.m.s. value of the heater voltage. The hum
voltage produced across the resistance might assume a rather high value
under these conditions.

Rectifier cathodes

Disintegration of the cathode coating may occur in both indirectly heated
and directly heated rectifiers if the total resistance in series with the anode
is less than that specified on the data sheet for the particular valve. The
value of the resistance depends upon the effective resistance, Ry due to
the transformer.

Ri = Rs+n®R,,
Where:
Rs = Resistance of the transformer secondary in anode circuit.

Rp = Resistance of the transformer primary.

>
|

= Secondary to primary ratio in half-wave circuits or half-
secondary to primary ratio in full-wave circuits.

If the resistance R is less than the minimum specified value for the
limiting resistance, an additional series resistance must be included in
the lead to each anode. The wattage rating of this resistor should be at
least three times that required for d.c. only.

Control grid

In general, it is good practice to keep the resistance of the circuit between
the control grid and the cathode as low as possible. It should not exceed
the maximum value quoted on the data sheet.

Unless otherwise stated the value of Ry max. given in the limiting
values refers to operation of the valve with fixed bias. The maximum value
for cathode bias operation can be obtained from Fig. 3 (Appendix IlI).

()
[Mullard]
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54

If grid current biasing is employed, the value of grid resistor will depend on
the application. For a.f. voltage amplifiers the grid resistor value should
be high (preferably greater than 10MQ) but not greater than 22MQ.
For r.f. and i.f. valves the value for normal cathode bias should not be
exceeded (i.e. twice the fixed bias value).

The values of currents and dissipations should be checked when the grid
is connected to cathode. High-slope valves (gm>5mA/V) should not
generally be operated with grid current bias only unless some d.c. feed-
back is included in the form of a screen-grid dropper (in the case of a
pentode) or an anode dropper (in the case of a triode), and a low value of
cathode resistor (such as that required to compensate for variations in
input capacitance with a.g.c.) is incorporated. Compliance with the design-
centre limiting values must then be checked with the grid connected
directly to the negative end of this cathode resistor.

When valves are operated under conditions chosen to give low control-
grid currents, the grid resistor value may be very high. If this mode of
operation is required the advice of the valve manufacturershould be sought.

In circuits where positive control-grid current flows, either continuously
or intermittently, the limiting values relevant to the control grid must
never be exceeded.

Where large signals are applied to the grid of a valve, a grid resistor
should be used so that the bias is obtained by grid current rectification,
and the variations in the drive will not noticeably affect the valve operating
conditions. When this is done, it should be ascertained that limiting
values will not be exceeded in the event of loss of drive. This risk may be
avoided by providing sufficient cathode bias.

If fixed bias is used for a valve, provision should be made for adjusting the
bias so that the nominal value of anode current flows. This is particularly
important in the case of class ““B” output valves when separate adjust-
ment should be provided for each valve.

Screen grid

The rating chart in Fig. 2(p. 17) can be used to relate screen-grid dissipation
to screen-grid voltage, provided that other limiting values are not
exceeded, and that a resistor is used in the screen-grid circuit.

For large signal applications, in which the operating conditions of the
valve can be varied (for example, by varying the drive) the screen-grid
dissipation must be checked at the worst long period running conditions
and also during the warm-up period. With speech and music the average
level is low compared with the peaks, and operation will be quite satis-
factory if the screen-grid dissipation is checked at points up to one third
of the output power.

In general, the effect of the cathode resistor is reduced by large signals,
and a screen-grid resistor becomes necessary. This resistor normally need
not drop more than 209, of the h.t. line voltage. If this resistor is un-
bypassed, it need only drop about 109, of the h.t. line voltage.

When a valve with a screen grid is connected as a triode, and specific
recommendations are not given in the data, the dissipations of the anode
and screen grid should not exceed their individual maximum ratings.

(@
[Mullard]
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5.5

5.6

6.1

6.2

Suppressor grid

The suppressor grid should normally be connected directly to the cathode
or to the negative end of the cathode resistor whichever is more con-
venient. The suppressor grid should not be used as a control grid unless
specific recommendations are made in the data. Where the suppressor
grid is so used, care should be taken not to exceed the maximum screen-
grid dissipation. When a valve is connected as a triode, the suppressor
grid should be connected directly to the cathode, except where other
recommendations are given in the data. In applications where the suppres-
sor grid is liable to be driven positive, the value of Ry i should not
exceed 50k} unless otherwise stated.

Anode

The rating chart given in Fig. 2 can be used to relate anode dissipation
to anode voltage, providing that other limiting values are not exceeded,
and that the load used in the anode circuit is a resistor. For large signal
applications, the anode dissipation must be checked at the worst long
period running condition.

When a triode is used in large signal applications, some resistance should
be included in series with its anode. The value required is very dependent
on the application, and in the extreme when a triode is biased beyond
cut-off and driven well into the positive grid region, e.g. as in class “C”
operation, the load impedance in the anode circuit may be sufficient.
In this application, however, the use of a cathode resistor is generally
recommended to safeguard the valve in the event of loss of drive. If
class ‘B” operation is to be used without a cathode resistor, it must be
remembered that large variations can occur near the cut-off point.
It is therefore necessary to ensure that all valves will operate at about
the same condition, e.g. adjust the bias of each valve to give the required
no-signal anode current.

MECHANICAL CONSIDERATIONS

Mounting position

Unless otherwise stated in the published data, valves can be mounted in
any position.

Valve holders

Detailed drawings of pin spacing, diameter and length are given in BS448:
1953 “‘Electronic-valve Bases, Caps and Holders’’. When wiring a valve
holder for an all-glass based valve, a wiring jig should be inserted to prevent
the contacts being displaced. Such displacement could cause damage to
the pins when a valve is inserted in the holder. Dimensions for suitable
jigs are given in BS448. Pins marked IC on the base diagram in the data
sheet may have been used for connections within the valve. The corres-
ponding contacts on the valve holder must be left free and not be used as
anchoring points when wiring.

(@
[Mullard]
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6.3

6.4

71

1.2

Valves with flexible leads

Valves with flexible leads do not normally employ plug-in valve holders
and it is usually necessary to secure them in position solely by means of
the envelope. Any such support should not cause undue stress to be placed
on the flexible leads. Attention should also be given to the effect this
mounting may have upon bulb temperature.

Direct soldered connections to the leads must be at least 5mm from the
seal and any bending of the leads must be at least 1.5mm from the seal.
Precautions should be taken during soldering to ensure that the glass
temperature at the seal is not allowed to rise excessively. One simple
method is to clamp a thermal shunt to the wire between the glass and
the point being soldered.

Dimensions

Only the dimensions given on the data sheets should be used in the design
of equipment. Dimensions taken from individual valves must never be
used for this purpose.

COOLING

As stated in Section 2.6 the bulb and/or base temperatures must not
exceed the published maxima, and it is in general good practice to take
steps to ensure that the bulb and base temperatures are kept low.
Use may be made of all three methods of cooling, namely convection,
radiation and conduction.

Convection and radiation cooling

A valve mounted in free air is cooled by convection currents and by
radiation to its surroundings. In order to make these methods most
efficient it is necessary to ensure as free a circulation of air round the valve
as possible and to maintain neighbouring bodies at as low a temperature
as possible.

The design of valve screening or retaining devices should conform to the
above principles; that is to say, the device should permit free circulation
of cooling air and should reflect as little heat as possible back to the bulb.
Where adequate convection cooling cannot be realised because of
mechanical limitations, high altitude, or high temperature of the air
available for circulation, forced-air cooling or conduction cooling must be
adopted.

Conduction cooling

Conduction cooling is obtained by mounting the valve in contact with a
mass of material which has good heat-conducting properties. This material
then acts as a ‘‘heat sink.”” The clamp or can which is used to couple the
valve to the heat sink should ensure good thermal contact with the bulb
and base of the valve, and should also ensure that the maximum base
temperature of 165°C is never exceeded. Heat-sink cooling is particularly
suitable for use with flexible-lead valves, as the mechanical arrangements
are not likely to allow ‘“‘freeair’’ cooling, although it should be remembered
that the base temperature may be higher than with plug-in valves.

(@
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8. MICROPHONY

Whenever a valve is subjected to vibration, some disturbance in the out-
put of the valve occurs. The effect of this disturbance will depend on the
individual application. The published data often make reference to the
microphonic sensitivity of different valve types, and this should be noted
when a valve type is chosen for a specific application. Where the effects of
microphony are found to be objectionable, special steps may have to be
taken to reduce the vibration reaching the valve. The chassis itself may
show wide variations in amplitude of vibration over its area, due to
resonances; therefore favourable location of the valve, or local strengthen-
ing of the chassis, may appreciably reduce microphony.

A further reduction may be obtained by the use of antivibration mountings,
but these are likely to be completely ineffective if the vibrations reaching
the valve are being transmitted through the air and not through the
chassis.

9. HUM

If an a.c. supply is used for valve heaters, the cathode current may be
modulated by capacitance and leakage effects between the heater and other
electrodes, or by the magnetic field of the heater. This modulation can
give rise to hum. The most important electrodes in this respect are the
cathode and the control grid. The published limiting value of V) _x does
not give any information about the resulting hum level, but is the maximum
permissible voltage below which there is reasonably little danger of
breakdown occurring between cathode and heater. The greater the a.c.
component between heater and cathode (or control grid), the greater
will be the hum. With a.f. valves the hum frequency will appear in the audio
output; with i.f. and r.f. valves it will appear as modulation hum.

Hum can also be caused if the leakage resistance between cathode and
heater is included in an a.f. or r.f. circuit. If it is included in a tuned circuit,
the frequency to which the circuit is tuned may be altered by changes in
the physical or electrical properties of the cathode-heater insulation
(e.g. by vibration of the heater at the supply frequency), resulting in
modulation hum.

The presence of leakage currents may become apparent as hum or back-
ground noise. It is particularly important that idle valve-holder contacts
in the proximity of the control-grid contact should not be used as
anchoring points for wires which are connected to the a.c. supply, as this
practice may introduce hum via the capacitances or leakages between
valve-holder contacts. This consideration is of particular importance at
high supply frequencies.

APPENDIX | - DEFINITIONS AND INTERPRETATION OF DATA

The principal characteristics quoted for each receiving valve in this Handbook are
normally those corresponding to the given value of anode current.
The values given are the mean values of measurements made on a large number

of valves. All voltages are measured with respect to the cathode, unless otherwise
stated.
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The following definitions are intended to assist in interpreting the data, as some
of these are not sufficiently well known:

Va max. (Vg2 max. etc.)

Va(n) max. (Vgan) max. etc.)

ia(pi) Mmax. (Rectifiers)

ia(surge) max. (Rectifiers)

Vgl (lg[ = +035LA)

gm

Ta

The maximum positive voltage which can be applied
to the electrede at full dissipation. At higher elect-
rode voltages the electrode dissipation must be
reduced in accordance with the rating chart (Fig. 2).

The maximum voltage (positive or negative) which
can be applied to the valve electrode when the valve
is cold. If semiconductor diodes or metal rectifiers
are used to supply the h.t. in an equipment for
instance, the h.t. rail may rise to this value after
switching on but before the valves have warmed up.

The maximum permissible steady-state peak anode
current.

The maximum permissible instantaneous anode
current under switching conditions with the valve
hot.

The control-grid voltage at which the positive grid
current (with no other electrode voltages applied,
unless otherwise stated) is 0.3p.A. The value is norm-
ally not more negative than -1.3V, and with a limit
valve +0.3uA will flow at this voltage. In any appli-
cation where positive grid current is not permissible,
the grid must always be biased more negative than
this value.

The mutual conductance is the relation between a
change in anode current and the corresponding
change in control-grid voltage, with the anode
(and screen-grid) voltage constant.
3l
Tiin = W{T (V. constant)
The amplification factor is defined as the ratio of a
change in anode voltage to the corresponding
change in control-grid voltage, the anode current
remaining constant.
8\/;\
w== I, constant
=5, (I )
The anode impedance is the ratio of a change in
anode voltage to the corresponding change in anode
current, with control-grid (and screen-grid) voltage
constant.

3V,
ry = — (Vg1 constant)
o, Ve
gm, 1+ and r, are related by the expression:
® = gm-la
()
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gm (etf)

Wgl-g2

Noise factor

When a valve is used as a class “‘C"" oscillator, the
anode current contains components at the funda-
mental and harmonics of this frequency because the
valve is driven over the whole of the grid base. The
simple value of gy, is no longer useful for making
calculations, so the effective mutual conductance is
given. This is defined as:

Fundamental frequency component
of anode current

Fundamental frequency component
of grid voltage

8m(eff) =

The conversion conductance of a frequency changer
is the relation between the intermediate frequency
component of anode current to the grid input
voltage at signal frequency.

Intermediate frequency component
_ of anode current
“ " Signal frequency component of grid
input voltage

)

The “‘inner-mu’’ is the amplification factor from
control grid to screen grid.
g2

tel-g2 = 5y (Ix constant)

Input damping resistance. This is given at a particu-
lar frequency and is the resistive component of the
input impedance that the valve presents to the input
circuit between grid and cathode. Over a limited
range, the value at other frequencies can be calcu-
lated approximately from the formula:

£\ 2
ra (at f1) = rer (at f2) x (f—])

Equivalent noise resistance. This is the value of a
resistance which, if introduced into the grid circuit
of a perfectly noiseless valve, would produce noise
of the same level as that of the shot and partition
noise occurring in the actual valve. It does not in-
clude flicker effect which occurs mainly in the audio
frequency band. The figures quoted in the data are
measured values. Curves showing Re, plotted
against gm or |, are given for some valve types.

The noise factor of a circuit is the ratio of the
signal-to-noise ratio at the input to the signal-to-
noise ratio at the output. It is dependent upon the
equivalent noise resistance, the transit time com-
ponent of input resistance, circuit resistance and
source resistance. The figures quoted in the data are
measured values.

Cross-modulation factor. This is the ratio of the
modulation depth of the wanted signal caused by a

)
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modulated interfering carrier, to the modulation
depth of the wanted signal appearing on the wanted
carrier at the output of the valve. This assumes that
both carriers are modulated to the same depth.
It may be considered to be independent of the
amplitude of the wanted signal where this amplitude
is small, and to be proportional to the square of the
amplitude of the interfering signal.

Cross-modulation figures and curves are given for
valve types which are designed for a.g.c. operation.
The curves given in the valve data show the ampli-
tude of the interferring signal required to give a

cross-modulation factor of 19;, plotted against
gm Or ge.
mp Modulation hum. Curves of hum input voltage

plotted against g, or g. are also given for valve
types which are designed for a.g.c. operation.
These curves show the input voltage at the control
grid which will cause the carrier to be modulated
to a depth of 19

APPENDIX Il - CAPACITANCE SYMBOLS

The system of symbols for inter-electrode capacitances in general use at present
does not always make it clear where certain of the valve electrodes are connected
in making the measurement. For this reason the International Electrotechnical
Commission has proposed an alternative system, for use in cases of ambiguity.

In both systems the symbol consists of a letter c followed by subscript letters
indicating the valve electrodes between which the capacitance is measured. In
addition, the IEC alternative system includes in brackets the valve elements which
are connected to reference earth. In order to shorten the symbols in this system,
the following two abbreviations are used:

R - remaining elements of the same unit(s), shields, metal parts (e.g. external
shields, base sleeves, unused pins or leads, etc.).

u — Inactive units of multiple valves.

Examples

Present Alternative

system system

Cin Cel-R(a) Capacitance measured between the input elec-
trode (g;) and all other electrodes except the
output electrode (a).

Cou Ca—R(gl) Capacitance measured between the output elec-

trode (a) and all other electrodes except the
input electrode (g;).

G’ Ca’—g’(Ru) Capacitance measured between anode and grid
of the first section of a double triode. Cathode of
first section, all electrodes of second section,
heater and any shield etc., earthed.

Gy Cat- R(atu) Capacitance between triode grid and cathode +
heater (in a triode pentode). Triode anode and
pentode section earthed.
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APPENDIX Iil - RATING CHARTS

Bulb Temperature Rating Chart

%6 5 i J«LBum temperature rating chart [+ ti 6158

o e T

60 —
ENERNE HHH s R
— 1 . ~+——1—{ Max. foot temperotures [+
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| N L L[| not to exceed 165°C I
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Allowable increase in bulb temperature in equipment
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100
. Bulb temperature at maximum dissipation
(at 20 C ambient in free air at normal atmospheric pressure)

Fig. 1

The above chart shows the increase in bulb temperature that may be allowed,
plotted against the bulb temperature attained by the valve when operated at full
dissipation in free air at an ambient temperature of 20°C and normal atmospheric
pressure.

To use the chart a measurement must first be made of the bulb temperature at
the hottest point of the bulb under the conditions specified above. The hottest
point of the bulb is normally opposite the centre of the anode, on the minor axis.

The chart can then be used to read off the permissible increase in bulb tempera-
ture, and hence establish a maximum bulb temperature for the valve type con-
cerned.

For example, a power valve operated at full dissipation may be found to have a
bulb temperature of 220°C. Reference to the chart shows the allowable increase
in bulb temperature to be 32°C. The maximum bulb temperature for this type is
therefore 252°C. A valve which has very little dissipation may have a bulb tempera-
ture of 120°C. The chart shows that in this case the bulb temperature may be
allowed to rise (due to increased ambient) by 56°C, giving a final bulb temperature
of 176°C.

(C__ )
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This curve allows approximately 60°C increase in ambient temperature for valves
having bulb temperatures up to 200°C (or 165°C in the case of sub-miniature
valves).

The designer should ensure that the maximum bulb temperature rating given
by the above chart is not exceeded in his equipment under normal operating
conditions.

The maximum foot temperature of all-glass valves must not exceed 165°C,
measured on the glass adjacent to the hottest pin. This is generally the anode pin
in the case of high dissipation valves, or the heater pins in the case of low dis-
sipation valves.

Electrode Dissipation Plotted Against Electrode Voltage

|Peax T [ O ! 6043
| | ‘

80

60

40 — : -

20 ! A

[¢] 20 40 60 80 100 120 140 160 180 200
Vmax (%)

Fig. 2

The above chart shows the relation between the maximum positive electrode
voltage and electrode dissipation. At voltages up to the maximum quoted in the
data sheet, the maximum electrode dissipation can be used. At voltages in excess
of this, the dissipation must be reduced in accordance with the above chart. This
permits a supply voltage of twice the maximum permissible electrode voltage to
be used, provided that a resistance is included in the circuit.

In cases where a value of V1) max. or Vg max. is given which is less than
twice the V; max. or Vg2 max. for the valve, the supply voltage must not exceed
this value.

(@
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Maximum Value of Grid-to-Cathode Resistor

‘ 6044

|
dm=100mA/V | 30mA/V 10ma/v

I T
178 T

| 3malv

Rg) max (fixed bias)

Rg| max

[} A

10 100 1000 10,000 Ryceff (ﬂl“

Fig. 3

To find the maximum value of grid-to-cathode resistor which can be used in a
given circuit, the mutual conductance of the valve in circuit and the effective
cathode resistor must be known. The mutual conductance of the valve in circuit
can be determined by measurement.

The effective cathode resistor for a triode is given approximately by:
R
Ri(etry= Ri+ f

and for a tetrode or pentode by:
i lg2 Res
Ric(ett) = -I—( . Rk+"_g' L
a a Hgl-g2

From these two values, the value of Rg; i max. which may be used in the circuit
can be obtained from the graph.

Example
A pentode is to be used in a circuit under the following conditions:
Ia = 8mA Hgl—g2 = 47 Rk = ZOOQ
lg2 = 2mA gm = 5mA/V Rg2 = 47kQ
The value of Ry max. (fixed bias) is 1.0MQ. The effective cathode resistor is
therefore
10 2 47

Rgi max.

Rg1 max. (fixed bias)
values. The maximum value which can be used in this case is therefore 3.5MQ.

(|
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SUBMINIATURE DIODE
AF. PENTODE DAF70

Subminiature a.f. pentode, combined with a
single diode, suitable for battery operation.

FILAMENT
Vi 1.25 \
Ie 25 mA
MOUNTING POSITION Any

Note—Direct soldered connections to-the leads of this valve must
be at least 5mm. from the seal and any bending of the valve leads
must be at least 1.5mm. from the seal.

CAPACITANCES (measured with external shield)

Ca_gy 0.15 pF
Cin 2.0 pF
Cout 4.3 pF
Cad—g 0.1 pF
CHARACTERISTICS

Va 67.5 A\
Y 67.5 \
'a 1.0 mA
lgo 250 A
\ 0 \'%
gm 440 uA/V
a 400 kQ
teg1/ge 16

OPERATING CONDITIONS AS R.C. COUPLED A.F. AMPLIFIER

Vi 67.5 Vv

Ra 1.0 MQ

Res 47 MO
*Rey 3.3 MQ

VOUJ_ 73

Vin

* Grid resistor of following valve.
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DAF 0 SUBMINIATURE DIODE
A.F. PENTODE

Subminiature a.f. pentode, combined with a
single diode, suitable for battery operation.

OPERATING CONDITIONS AS CLASS “A” AMPLIFIER

Va 67.5 90 \
Vo 67.5 90 \'4
Ve -1.8 -2.6 \%
lao) 400 600 wA
lgsio) 85 135 uA
Ra 150 150 kQ
Pout 10.5 20 mW
Dsot 10 10 %
LIMITING VALUES
Va max. 90 \"
Vg, max. 90 \
I max. 1.3 mA
laa max. 250 A
93016~
- mm
-
CAT

R

-.93 t+ N
) £,
9! 5 6 ad NE f}‘g
o o g 3
:d} 91 NC 00 00 NC |
\ |
& . 2 |

B8D/F Base
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w
¥
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" |
%
|
1 IS ——

38 mm
min
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g

|
|
-
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SUBMINIATURE DIODE F
A.F. PENTODE

Subminiature a.f. pentode, combined with a

single diode, suitable for battery operation.
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SUBMINIATURE DIODE

DA F7 A.F. PENTODE
Subminiature a.f. pentode, combined with a

single diode, suitable for battery operation.
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SUBMINIATURE DIODE DAF 0
A.F. PENTODE 7

Subminiature a.f. pentode, combined with a
single diode, suitable for battery operation.
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DAF70 SUBMINIATURE DIODE

A.F. PENTODE

Subminiature a.f. pentode, combined with a
single diode, suitable for battery operation.

Lag DAF70 2880
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SPECIAL QUALITY
SUBMINIATURE VOLTAGE INDICATOR DMI60

Special quality, directly heated subminiature voltage indicator for use in industrial
equipment such as transistorised computers.

This data should be read in conjunction with GENERAL NOTES - SPECIAL
QUALITY VALVES, and the index numbers are used to indicate where reference
should be made to a specific note.

FILAMENT

Suitable for parallel operation only, a.c. or d.c.

Vf (see RATINGS section) 1.0 v
If nom. 30 mA
If (initial range) 24 to 36 mA

CHARACTERISTICS, OPERATING CONDITIONS AND RANGE VALUES FOR
EQUIPMENT DESIGN®

Nominal Initial End of
value range life
A 50 v
a
100 kQ
2
') max. light output) 0 \%
g(b) ¢
*V zero light output -3 -3 -3 v
() ( g put)
I atVv =0V 585 430 to 740 >250 pA<—
a g(®)
**] at 'V ==3V <5.0 <5.0 A
a gb) a
Insulation resistance between
any two electrodes at 50V >100 MQ

*Voltage with respect to the centre tap of the filament transformer.

**The residual electron current may be concentrated on one spot which may
then be visible in dark surroundings. This effect cannot be mistaken for
the indicator being in the conducting condition.

SEPTEMBER 1968
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4
RATINGS (ABSOLUTE MAXIMUM SYSTEM)

<
\% max. 100 \%
a(b)
V_ max. 65 v
a
Ia max. 850 MA |
A\ max. (R_=100kQ + 10% 0 \'A
g(b) Ry i
v max. (R =1MQ + 10% 6.0
g(b) By o
—Vg max. 50 Vv
RU max. 1.1 MQ
B
Rg min. 90 kQ
Filament voltage
The average filament voltage should be 1.0V. Variations exceeding +0
or -10% will shorten the life of the valve.

SHOCK RESISTANC E15 <—
The valve is subjected to an acceleration of 500g, 5 times in each of four
positions in an NRL shock machine with the hammer lifted over an angle 4
of 30°.

LIFE <

Production samples are checked for the end of life values given on page 1
under the following conditions for 10 000 hours:

Vf(r.m.s.) lat ®
Va 50 v
=Y 0 v
g(b)
R 100 k@
g

*Voltage with respect to the centre tap of the filament transformer.

DIMENSIONS AND CONNECTIONS
55max — - A

§ 28
g \ 11 max
L]
Sector of 61'8
ector o
i G light output 'ﬂ'ﬂ Yy
$  f=
38
= min
Tmned/ {
All dimensions in mm — +lle—0-4dia
Connections should not be soldered nearer than 5mm from the seal.
The leads should not be bent nearer than 1.5mm from the seal. -
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SPECIAL QUALITY
SUBMINIATURE VOLTAGE INDICATOR DM I 60

APPLICATION NOTES s

The visibility of the phosphorescent light produced by the anode when the indicator
is conductingdepends upon the grid voltage and the illumination level of the sur-
roundings . With Vg=—3V for zero light output the visibility is best when AV _ =3V,
but an unambiguous indication is still obtained at AV,=1.4V under nominal
conditions and a low level of ambient light. With still smaller values of drive
voltage a pre-amplifier is required. These points being taken into account, one
can usethe DM160 for readingout digital information from logic circuits. Figs.1
and 2 show typical arrangements for negative and positive logic, respectively.

DM160 ﬂ +
R YRR
From 3 ‘

i —_ 50V
bistable 100kQ

/7

Fig.1 Digital read-out circuit with DM160 connected to negative logic circuit
which uses bistables equipped with p-n-p transistors. The 'High' output
level of the bistable may vary between 0V and -0.3V, and the 'Low'
level between -3V and -6.8V.

DM160 +

From
bistable

Fig.2 Digital read-out circuit with DM160 connected to positive logic circuit
which uses bistables equipped with n-p-n transistors. The 'High' output
level of the bistable may vary between +7.5V and +12V, and the 'Low’
level between 0V and +0.4V. Rg protects the valve against excessive
anode currents and positive grid currents in casethe grid voltage exceeds
the cathode potential.

When the minimum AV lies below 3V the spread in the 'High' level of the bistable
will give rise to an exgra spread in the brightness of the phosphorescent light. If
this is undesirable the spread may be reduced by clamping the grid voltage (see
page 4).
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DM160 +

Rg
From P— +
bistabia VA 50V
™MQ
l——"ﬂ'ﬁ‘o"—l 12v
_f 35V
2v

Fig.3 As Fig.2: 'High' voltage between +2V and +7V, and 'Low"' level between
0V and +0.5V; grid voltage clamped.
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SPECIAL QUALITY DMI160

SUBMINIATURE VOLTAGE INDICATOR
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE
WITH GRID VOLTAGE AS PARAMETER

The issue of the information contained in this publication does not imply
any authority or licence for the utilisation of any patented feature.
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SUBMINIATURE DM I 60
VOLTAGE INDICATOR
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SUBMINIATURE
DM I 0 VOLTAGE INDICATOR
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HALF-WAVE RECTIFIER DY51|

1
High voltage half-wave rectifier with wired-in connections. Suitable for
application in portable t.v. receivers.
HEATER <
Vh 1.4 v
Ih 550 mA
Heater voltage tolerances Iout =200unA +15* %
*
Iout >2001LA +7 %
*These tolerances apply when the power supply voltage is at its nominal
A value and when a valve having bogey heater characteristics is employed.
In addition, fluctuations in the mains supply voltage not exceeding +10%
are permissible.
MOUNTING POSITION Any
NOTE - Directsolderedconnections tothe leads of this valve must be at least 10mm
from the seal and care should be taken not to bend the leads near the seal.
CAPACITANCE
¢k 0.8 pF
LIMITING VALUES
P.I.V. max. 15 kV
AN
Ia (out) max. 350 LA
%
ia(pk) max 40 mA <—
C max. 2000 pF
*Maximum pulse duration 10% of one cycle with a maximum of 10us <
P
(N
DECEMBER 1965 [Mullard] Page D1
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HALF-WAVE RECTIFIER DY5S1

T DY51 B4457
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE
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HALF-WAVE RECTIFIERS DY86
DY87

High voltage half -wave rectifiers for television line fly -back
e.h.t. supply. The DY87 is electrically identical to the DY86 but
has a chemically treated bulb to prevent flash-over under con-

ditions of high humidity.

HEATER
Vh 1.4 v
Th 550 mA
Heater voltage tolerances Iout< 200uA + 15* %

Tout = 200 pA + T* %

* These tolerances apply when the power supply voltage is at its nominal value
and when a valve having bogey heater characteristics is employed. In addition

fluctuations in the mains supply voltage not exceeding + 10 % are permissible.

CAPACITANCES

ca-(h+k+s) 1.55 pF

DESIGN CENTRE RATINGS

Pulsed input

*P.I. V. max. 22 kV
i ia (pk) max. 40 mA
Iout max. 500 LA
Cmax. 2000 pF

* Maximum duration 22 % of a line scanning cycle with a maximum of 18 us.

i Maximum duration 10 % of a line scanning cycle with a maximum of 10 us.

WARNING

X -ray shielding is advisable to give protection against possible danger of
personal injury arising from prolonged exposure at close range to this tube
when operated above 16 kV. The level of X-radiation is likely to be consider-

ably higher when the heater circuit of the tube is open.

OCTOBER 1963 N, Page D1
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All dimensions inmm

Pins 1, 4, 6 and 9 may be used for fixing an anti-corona shield.

Pins 3 and 7 may only be connected to points in the heater circuit and must

not be earthed.
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HALF-WAVE RECTIFIER

DY802
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HALF-WAVE RECTIFIER DY802

TENTATIVE DATA

High voltage half-wave rectifier for television line fly-back e.h.t. supply.

HEATER
Vh 1.4 v
lh 550 mA
Heater voltage tolerances I . <2001.A +15 %
Iut >2001A +7 %
CAPACITANCES
ca.-(h+k+s) 14 BF

RATINGS (DESIGN CENTRE SYSTEM)

Pulsed input

*P.1.V. max. 25 kV
ia(pk) max. 50 mA
Iout max. 500 LA
C max. 2000 pF

*Maximum duration 22% of a line scanning cycle with a maximum of 22us.

WARNING
X-ray shielding is advisable to give protection against possible danger arising
from prolonged exposure at close range to this valve when operated above 16kV.
The level of X-ray radiation is likely to be considerably higher when the load is

removed from this valve.
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All dimensions inmm

Pins 1, 4, 6 and 9 may be used for fixing an anti-corona shield.

Pins 3 and 7 may only be connected to points in the heater circuit and must

not be earthed.
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U.H.F. DIODE EA52
Disc seal diode primarily intended for use

as a measurements diode at frequencies up
to 1000Mc/s.

HEATER

Suitable for series or parallel operation a.c. or d.c.

Vh 63 \%
In 300 mA
The absolute maximum variation of heater voltage is 0.7V
CAPACITANCE
Ca k =<0.5 pF
CHARACTERISTICS
Vi (I, = 5000.A) <3.0 v
INSULATION
Insulation between anode and cathode >>10¢ MO
LIMITING VALUES (absolute ratings)

*P.LV. max. (f < 100Mc/s) 1.0 kV
lic max. 300 vA
ik (pky Max. 50 mA
Vi x max. 50 v
Ry -k max. 20 kQ

“At frequencies greater than 100 Mc/s, the maximum
P.l.V.is ?ﬂ V, where f is the frequency in Mc/s.

()
[Mullard]
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EA52 U.H.F. DIODE

—
. 15¥0 |
4I3'maxj -
=12 max_,
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N
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All di i in mm Cadmium plated leads
2922 imensions in A e e

# Max diameter of the glass seal

Note.—Direct soldered connections to the leads of this valve must be
at least 7mm from the seal and any bending of the valve leads must be
at least 1:5mm from the seal. " =
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U.H.F. DIODE
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TRIPLE DIODE TRIODE

Triple diode triode, one diode having a separate

EABC80

cathode. Primarily designed for use in F.M./AM.
receivers.
HEATER
Vh 6.3 \
In 0.45 A
CAPACITANCES <~
Cat—a’d «0A2 pF
Cat_x"a <0.01 pF
Cat_a’"d <0.1 pF
Cg_a’d <0.07 pF
Cg_k"d <0.005 pF
Cg_a""a <0.02 pF
Triode Section
Cin 1.9 pF
Cout 14 pF
Cat_g 2.0 pF
Cg_h <0.04 pF
Diode Sections
Ca’d_(hykt,k'd,k”"d,s) 0.8 pF
Ca’d_(hik”dskt,k'd,k”"d,s) 4.8 pF
Ca’’d_(hykt,k'd,x""a,8) 4.8 pF
Cx”d_all 4.9 pF
Ca’d_n <0.25 pF
Ca’d_n <0.2 pF
Ck”d-h 2.5 pF
CHARACTERISTICS <
Triode Section
Va 100 250 \
Vg -1.0 -3.0 \
la 0.8 1.0 mA
gm 1.45 1.4 mA/V
® 70 70
ra 48 50 k Q
Diode Sections
ra’a (Va’a=+10V) 50 kQ<«
ra’a (Va’a=+5V) 200 Q
ra’”’a (Va’”’a=-+5Y) 200 Q
ra,”d/ra,/”d 0.65 to 1.5

ISSUE 2
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EABC80 TRIPLE DIODE TRIODE

Triple diode triode, one diode having a separate
cathode. Primarily designed for use in F.M./AM.
receivers.

OPERATING CONDITIONS AS RESISTANCE COUPLED A.F.

AMPLIFIER* (with grid current biasing) %=
Dtot (%})
Vy Ra la Vout for Vouur.m.sq RgT
V) (k Q) (mA)  Vin =3V =5V =8V (k )
170 47 1.25 32 0.6 14 2.0 150
170 100 0.82 42 0.5 0.8 1.3 330
170 220 0.46 51 0.4 0.5 (| 680
200 47 1.6 34 0.5 0.9 1.5 150
200 100 1.0 44 0.4 0.6 1.0 330
200 220 0.56 53 0.3 0.4 0.9 680
250 47 2.2 36 0.3 0.6 1.0 150
250 100 1.4 47 0.25 0.5 0.8 330
250 220 0.76 54 0.2 0.25 0.6 680
*Measured with a grid resistor of 10MQ.
tRg=grid resistor of following value.
LIMITING VALUES

Triode Section
Va(n, max. 550 \
Va max. 300 \
pa Max. 1.0 w
I max. 50 mA
Vg max. (lg=+40.3pA) -1.3 \4

*Rg_x Max. 30 MQ
Rn_kx max. 20 k Q
Vh_x max. 150 \%

*With grid current biasing R i max.=22MQ.

Diode Sections -«
P.L.V.a’a, max. 350 \
P.l.V.a”a) max. 350 \
P.L.V.a""”a, max. 350 Y
la’a max. 1.0 mA
la”qa max. 10 mA
la’”7q max. 10 mA
ia’apk) Max. 6.0 mA
ia”dapk) Max. 25 mA
ia”’apk) Max. 75 mA

ISSUE 2 \v/ EABC80 1254-2



TRIPLE DIODE TRIODE

Triple diode triode, one diode having a separate
cathode. Primarily designed for use in F.M./AM.

EABC380

receivers.
MICROPHONY
This valve can be used without special precautions against microphony
in circuits in which the input voltage is not less than 10mV for an
output of 50mW from the output stage at 800c/s and higher
frequencies.
a ay I
»
o
lhg E
a’y E
a'y ~
0
(o

kykgKgsh  h kg
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EABC80 TRIPLE DIODE TRIODE
Triple diode triode, one diode having a separate

cathode. Primarily designed for use in F.M./A.M.

receivers.
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TRIPLE DIODE TRIODE EABC80

Triple diode triode, one diode having a separate
cathode. Primarily designed for use in F.M./A.M.

receivers.
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EABC80 TRIPLE DIODE TRIODE
Triple diode triode, one diode having a separate

cathode. Primarily designed for use in F.M./AM.

receivers.
W/
1230 EABCBO
< 'Vh=6:3v
E
_'U
_'v
"o
H
0o
o
7
[}
@
/
L
Q
0
Q WV’
&
4
/
o
~N A
“V
4
[e)
o 5 10 15  Va"d,va"d4 (V)
ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE FOR DIODE <
SECTIONS a7q AND a"’y 4
(M
[Mullard]

ISSUE 2 N, EABCB0 1254-6



TRIPLE DIODE TRIODE EABC80
Triple diode triode, one diode having a separate

cathode. Primarily designed for use in F.M./A.M.

receivers.
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EABC80 TRIPLE DIODE TRIODE
Triple diode triode, one diode having a separate

cathode. Primarily designed for use in F.M./A.M.
receivers.
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TRIPLE DIODE TRIODE EABC80

Triple diode triode, one diode having a separate
cathode. Primarily designed for use in F.M./AM.

receivers.
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EABC80 TRIPLE DIODE TRIODE

Triple diode triode, one diode having a separate
cathode. Primarily designed for use in F.M./A.M.

receivers.
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DOUBLE DIODE TRIODE

High gain triode for use as a.f. voltage
amplifier combined with twin diodes.

EBC8I

HEATER
Vn
In

MOUNTING POSITION

CAPACITANCES
Ca’d_g
Ca”d_g
Ca'd_a
Ca”d_a

Triode section
Cg_x
Ca_k
Ca_g
Cg_h

Diode sections
Ca’d_x
Ca”d_k
Ca’d-a”d
Ca’d-h
Ca”d_n

CHARACTERISTICS
Va
Ve
ly
gm
15
Fa

6.3 \
230 mA
Any
<0.007 pF
<0.007 pF
<0.005 pF
<0.01 pF

2.3 pF

2.3 pF

1.2 pF
<0.05 pF

0.9 pF

0.9 pF
<0.2 pF
<025 pF
<0.05 pF
250 \%

-3.0 \
1.0 mA
1.2 mA/V

70

58 kQ

OPERATING CONDITIONS AS RESISTANCE COUPLED A.F.

AMPLIFIER (with cathode bias)

Vy Ry la Ry Vout
V) k) (mA) () Vi
400 100 1.35 2.2 43,5
350 100 1.18 2.2 43
300 100 1.0 2.2 42.5
250 100 0.85 2.2 42
200 100 0.7 2.2 41
150 100 0.5 2.2 40
100 100 0.28 3.3 33.5
400 220 0.76 3.9 48
350 220 0.67 3.9 47.5
300 220 0.56 3i9 47
250 220 0.48 3.9 46.5
200 220 0.4 3.9 46
150 220 0.32 39 44
100 220 0.18 5.6 38
(@)
[Mullard |
ISSUE 1

A

Vout
(Vr.m.s.) Rgl—}‘
(Dtot=5%) (Dtot=10%) (kL)
35.5 62.5 330
30.5 54 330
25.5 46 330
21 38 330
16 28.5 330
12 19.5 330
6.0 10.5 330
40 74.5 680
34.5 64 680
27 54 680
24.5 44.5 680
19 34 680
16.5 24 680
8.0 13.5 680
EBC81 357-1



EBC8 I DOUBLE DIODE TRIODE
High gain triode for use as a.f. voltage

amplifier combined with twin diodes.

OPERATING CONDITIONS AS RESISTANCE COUPLED A.F.
AMPLIFIER* (with grid current bias)

Vout
Vh Ra Iu Vout (Vr.m4s.) Rm—i.
(v) (kQ2) (mA) Vie  (Dot=2.5%) (Dior=5%) (kQ)
400 100 24 56.5 33 51 330
350 100 2.0 55 27 43 330
300 100 1:95 53.5 22 35 330
250 100 1.3 51 17 27 330
200 100 0.95 48.5 12 19 330
150 100 0.6 44 7.0 11 330
100 100 0.3 355 3.0 5.0 330
400 220 1.3 62.5 34 55.5 680
350 220 141 61.5 29 47 680
300 220 0.9 59.5 23 38 680
250 220 0.7 57 17 29.5 680
200 220 0.5 54 12.5 21 680
150 220 0.33 49 8.0 14 680
100 220 0.18 40 4.0 7.0 680

*Measured with grid resistor of 22MQ and signal source impedance Z;=00Q.
The distortion figures quoted hold good for values of Zs not exceeding
200kQ. At this value of Zg, the gain will be reduced by 109;.

TRg, = Grid resistor of the following valve.

LIMITING VALUES
Triode section

Va(n, max. 550 \%
V, max. 300 \'
pa Max. 500 mW
I, max. 50 mA
Rg_x max. 3.0 MQ
Rg x max. (grid current biasing) 22 MQ
Vg max. (I = +0.3uA) -1.3 %
Vh_k max. 100 \
Rp_x max. 20 kQ
Diode sections (each section)
P.L.V. max. 350 \
laa max. 800 A
iad(pk) Max. 50 mA
MICROPHONY

This valve can be used without special precautions against micro-
phony in circuits in which the input voltage >10mV (r.m.s.) for an
output of 50mW from the output valve.

a—
[Mullard]
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DOUBLE DIODE TRIODE EBC8 I

High gain triode for use as a.f. voltage
amplifier combined with twin diodes.

o
-
O

rf 547mm max——»

I
L—— 61-7mm max ——»~

EBCB1 357-3
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EBC8 I DOUBLE DIODE TRIODE
High gain triode for use as a.f. voltage

amplifier combined with twin diodes.
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DOUBLE DIODE TRIODE EBC8 I
High gain triode for use as a.f. voltage

amplifier combined with twin diodes.
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DOUBLE DIODE VARIABLE-MU
R.F. PENTODE
Double diode variable-mu pentode primarily intended for

use in equipment operating directly from a 6V, 12V or
24V battery, on or off charge.

EBF83

HEATER
Vh 6.3 A
In 300 mA
CAPACITANCES
Ca’d—gl <0.8 mpF
Ca~da—gl <1.0 mpF
Ca’d—a <150 mpF
Ca*d-a £25 mpF
Pentode section
Ca—gl <2.5 mpF
Cout 5.2 pF
Cin 5.0 pF
Diode sections
Ca’d—k 2.5 pF
Card—k 2.5 pF
Ca’d—a”d <250 mpF
CHARACTERISTICS
Va 6.3 12.6 25 Vv
Vs 0 0 0 \Y
Vo 6.3 12.6 25 \
" f t t
la 0.12 0.45 1.7 mA
lgo 40 140 500 uA
gm 0.45 1.0 2.1 mAV
ra 0.65 1.0 02 MQ
+Obtained by grid current biasing with Ry = 2.2MQ.
LIMITING VALUES
Pentode section
Va max. 50 \%
Vg2 max. 50 \%
lie max. 5.0 mA
Rglvk max. 5.0 MQ
Vh—k max. 50 \%
Diode sections (each section)
lag max. 800 wA
iadpk) Max. 50 mA
(@
Mullard
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EBF83 DOUBLE DIODE YARIABLE-MU
R.F. PENTODE
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DOUBLE DIODE VARIABLE-MU EB F83
R.F. PENTODE
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EBF83 DOUBLE DIODE VARIABLE-MU
R.F. PENTODE
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DOUBLE DIODE VARIABLE-MU
R.F. PENTODE EBF
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DOUBLE DIODE VARIABLE-MU
R.F. PENTODE

Double diode variable-mu pentode. The pentode
section is suitable for use as an r.f. or i.f. amplifier.
The diode sections are only suitable for a.m. detection.

HEATER
Suitable for series or parallel operation a.c. or d.c.
Vi 6.3 \%
In 300 mA
MOUNTING POSITION Any
CAPACITANCES
Ca'd_g; <0.0008 pF
Ca”a_g <0.001 pF
Ca'd_a <0.15 pF
Ca”d_a <0.025 pF
Pentode section
Ca_gy <0.0025 pF
Cout 5.2 PF
Cin 5.0 pF
Cgih 0.05 PF
Diode sections
Ca’d_x 25 pF
Ca’d—k 2.5 pF
c‘d.,d—d”'l <025 pF
Ca'a-n <0.015 pF
Ca”d_n <0.003 pF
CHARACTERISTICS
Va 250 250 A
Vs 0 0 \
Ve, 80 100 A
Ve -1.0* -2.0 A
la 9.0 9.0 mA
lgy 27 2.7 mA
gm 4.5 3.8 mA/V
ra 09 1.0 MQ
tg1-g2 20 20

*At this voltage grid current may occur. If this is not acceptable the negative

bias voltage should be increased to -2.0V.

(@
[Mullard]
ISSUE 1 2

EBF89 357-1



EBF89

DOUBLE DIODE VARIABLE-MU

R.F. PENTODE

Double diode variable-mu pentode. The pentode
section is suitable for use as an r.f. or i.f. amplifier.
The diode sections are only suitable for a.m. detection.

TYPICAL OPERATING CONDITIONS

Ve = Vi 200 200
Ve = 0
R 47 30
Ve, -0.5% 1.5
R — 105
I 9.5 11
s 2.8 33
gm 5.0 45
Fa 0.6 0.6
Req 2.5 3.5
gm (Vg = -20V) 115 120

250
0
82
-0.5%
8.0
2.2
4.7
0.8
2.3
180

250 \
0 \"
56 kQ
-2.0 \"
170 Q
9.0 mA
2.7 mA
3.8 mA/V
1.0 MQ
4.0 kQ
200 uA/V

*This voltage is produced by the grid current flowing through the grid resistor
and the steady current of the diode. If this condition is not acceptable the
negative grid bias should be increased to -1.5V at V, — 200V and -2.0V at
V. = 250V.

LIMITING VALUES

Pentode section

Van, max. 550 \%
*Vu max. 300 \"
Pa Max. 225 W
Vo by Max. 550 \
#*Vyg, max. (l3<<4.0mA) 300 \%
Vg, max. (la=>8.0mA) 125 \
Py, Max. 450 mW
lx max. 16.5 mA
Vg, max. (Ig; = +0.3uA) -1.3 \
Rg; x max. 3.0 MQ
Rg,_k max. (grid current biasing) 22 MQ
Rgs_k max. 10 kQ
Rp_x max. 20 k)
Vi kx max. 100 \%
(@)
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DOUBLE DIODE VARIABLE-MU
R.F. PENTODE
Double diode variable-mu pentode. The pentode

section is suitable for use as an r.f. or i.f. amplifier.
The diode sections are only suitable for a.m. detection.

EBF89

Diode sections (each section)

P.ILV. max.
lag max.
iad(pk) Max.
Rh_x max.

Vh_k max.

\%
uA
mA
kQ
\%

*If the heater, anode and screen-grid voltages are obtained from an
accumulator by means of a vibrator, V, max. = 250V, V;, max. = 250V.

MICROPHONY

This valve can be used without special precautions against microphony in

circuits in which the input voltage is >25mV (r.m.s.) for an output of

50mW from the output valve.

2845

67mm
max

ISSUE 1
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DOUBLE DIODE VARIABLE-MU
R.F. PENTODE
Double diode variable-mu pentode. The pentode

section is suitable for use as an r.f. or i.f. amplifier.
The diode sections are only suitable for a.m. detection.
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DOUBLE DIODE VARIABLE-MU
R.F. PENTODE EBF 9

Double diode variable-mu pentode. The pentode
section is suitable for use as an r.f. or i.f. amplifier.
The diode sections are only suitable for a.m. detection.
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DOUBLE DIODE VARIABLE-MU
EBF89 R.F. PENTODE
Double diode variable-mu pentode. The pentode

section is suitable for use as an r.f. or i.f. amplifier.
The diode sections are only suitable for a.m. detection.
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DOUBLE DIODE VARIABLE-MU
R.F. PENTODE

Double diode variable-mu pentode. The pentode
section is suitable for use as an r.f. or i.f. amplifier.
The diode sections are only suitable for a.m. detection.
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TRIODE PENTODE

Combined triode and high slope r.f. pentode with separate

cathodes. Primarily intended for use as a frequency changer

at frequencies up to 220Mc/s.

ECF30

HEATER

Vh
In

MOUNTING POSITION

CAPACITANCES (measured without external shield)

Cap_at
Cap_gt
Cgp-at
Cgp_gt

Pentode section

*Cags
Cin
Cout

*May be reduced to <0.01pF by the use of a skirted base.

Triode section
Ca_k4+h
Cg_k+h
Ca_g

CHARACTERISTICS

Pentode section

Fa

Mg1-g2

Rin (f=50Mc/s)
Req

Triode section
Va
la
Ve
Em
w

Ta

ISSUE 1 N,

6.3 \'%
430 mA
Any
<0.06 pF
<0.02 pF
<0.16 pF
<0.02 pF
<0.025 pF
55 pF
3.8 pF
1.8 pF
2.5 pF
1.5 pF
250 \%
200 \'
-3.2 \
70 mA
1.8 mA
5.5 mA/V
900 kQ
47
11 kQ
1.5 kQ
100 v
14 mA
-2.0 \
5.0 mA/V
20
4.0 kQ
ECF80 960-1



ECF80

TRIODE PENTODE

Combined triode and high slope r.f. pentode with separate

cathodes. Primarily intended for use as a frequency changer

at frequencies up to 220Mc/s.

TYPICAL OPERATING CONDITIONS

As a frequency changer

Va=V5 250
Rey 68
Re, 100
: !
lea 1.52
Voscu‘.m.s.) 4.0
" F9s
gec .

ra 115

LIMITING VALUES
Pentode section

V,,(b, max.

Va max.

pa Max.

Vgsg(b) max.

Vg max. (Ik=10mA)

Vga max. (Ix>10mA)

Pes Max. (pa=<1.2W)

Pgz Max. (pa>1.2W)

'k max.

Vg; max. (lg;=+0.3pA)
Rg;_x max. (cathode bias)
Rg;—x max. (fixed bias)

Vn_x max. (cathode positive)
Vn_x max. (cathode negative)

Triode section

Va(b) max.

Vs max.

Pa Max

lx max.
*ik(pk,max.

Vg, max. (lg;=+0.3pA)
—Vgipk) Max.

Vn_x max. (cathode positive)

Vn_x max. (cathode negative)

*Max. pulse duration 200pus

OPERATING NOTE

It is anticipated that variations in heater-to-cathode capacitance may
render the valve unsuitable for use in Hartley oscillator circuits,
particularly in f.m. receivers. For this reason it is recommended that

a Colpitts type of circuit be employed.

()

ISSUE 1

250 Vv
47 kQ
100 kQ
820 Q
57 mA
14 mA
3.5 A

0 A
21 mAJY
1.5 MQ
550 v
250 v
1.7 w
550 v
200 \
175 v
750 mW
500 mW
14 mA
-1.3 \"
1.0 MQ
500 kQ
150 \
100 \"
550 v
250 \"
1.5 w
14 mA
200 mA
-1.3 \'
350 v
150 \'
100 \"

[Mullard]
N
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TRIODE PENTODE ECF80

Combined triode and high slope r.f. pentode with separate
cathodes. Primarily intended for use as a frequency changer

at frequencies up to 220Mc/s.

@I —>22-2 mm |
max
ap at \ /\
kp.g3s E.
P.93 £% g,‘
92 —@ gt o og
‘ L
B9A Base ””l |_
kp,g3.5 h h kt
(R
Lo ECF80 960-3
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TRIODE PENTODE

at frequencies up to 220Mc/s.

Combined triode and high slope r.f. pentode with separate
cathodes. Primarily intended for use as a frequency changer
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AS PARAMETER
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ANODE AND SCREEN-GRID CURRENTS PLOTTED AGAINST ANODE
VOLTAGE FOR PENTODE SECTION WITH CONTROL-GRID VOLTAGE




TRIODE PENTODE ECF80
Combined triode and high slope r.f. pentode with separate

cathodes. Primarily intended for use as a frequency changer
at frequencies up to 220Mc/s.

o I 3026 || T
ECF80 ! 9
(M) I ()| ma/v)
i ] |
Pentode section |
L va=250Vv
TT T Vgo=200V
s
I |
3.0 —HHso
]
T I —F
‘ ] i 1 "a il
I |
T
2:8 - 1 25 [}
]
I 1 I
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i i%an
1 ! 1 9"1 L1
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| T 2 I
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1 Igo 7]
L 1 / 1 9272
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ANODE AND SCREEN-GRID CURRENTS, MUTUAL CONDUCTANCE AND
ANODE IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE OF
PENTODE SECTION. Va=250V, V;,==200V
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ECF80 TRIODE PENTODE
Combined triode and high slope r.f. pentode with separate

cathodes. Primarily intended for use as a frequency changer
at frequencies up to 220Mc/s.
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE FOR TRIODE
SECTION WITH CONTROL-GRID VOLTAGE AS PARAMETER
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TRIODE PENTODE ECF80

Combined triode and high slope r.f. pentode with separate
cathodes. Primarily intended for use as a frequency changer
at frequencies up to 220Mc/s.

- {ecFeo[-H 398[[ Ia
| 5 6 (mA)
Triode section
50
40
7
]
J
]/
| /
f 30
/
/|
74 ]
/
FH20
7 7
4
3
o
v S
AT ST o AT >
A0 2/ N w0
V.
/ 4
i i A A
i 7 7
| - v
] - ! o
Vg(v) —20 -15 —10 -5 o

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE FOR
TRIODE SECTION FOR VARIOUS VALUES OF ANODE VOLTAGE
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ECF80 TRIODE PENTODE

Combined triode and high slope r.f. pentode with separate
cathodes. Primarily intended for use as a frequency changer
at frequencies up to 220Mc/s.

T B
FHecFeoHH 3218 | Iq | 9m
A A (mA) (mA/V)
Triode section
1 0 )
Vg=100V
/—130 | 6
/
4
7
fH25 | 5
Jry
!
9m j““ Ia j"
I 1
T
1 20| 4
]
i
/
f ]
s 1 15 | 3
= i
|
N I
i i
Il i
T
i 10| 2
/
7
/
]
5 1
/
J
/
A V.
] o |o
Vg(V) -4  -l12 -10 -8 -6 -4 -2 o

ANODE CURRENT AND MUTUAL CONDUCTANCE PLOTTED AGAINST
CONTROL-GRID VOLTAGE FOR TRIODE SECTION
V=100V

()
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TRIODE PENTODE ECF80

Combined triode and high slope r.f. pentode with separate
cathodes. Primarily intended for use as a frequency changer
at frequencies up to 220Mc/s.

PERFORMANCE CURVES FOR USE AS FREQUENCY CHANGER WITH

Rx=820Q

a | Ia : ECF 80 L 3029 % I
M) | T, [ I A
"R ' 111 Sme) (44
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TT T T T
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e
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D
1 i L I
[ N
<
] T~
A ™~
A ]
I amlett) T
ro| 4 [ L ™~ Ll 1l 2 |ioo
A ma Lt
P 9c
4
/ EHANE
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os| 2 / ! 50
I
/ L] 192
| ] |
——1 1
| ( " Ig,
| [ -
T -
o]0 [ 1 : [T 12 I [ o |o
[ 2 3 4 s Vose (Vems)
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ECF80 TRIODE PENTODE

Combined triode and high slope r.f. pentode with separate
cathodes. Primarily intended for use as a frequency changer
at frequencies up to 220Mc/s.

fa |1 3 9c
(M0) 19: ECF 80 028 ool | 2m
mA) AN [T TT (mA/V) (1A)
Vo =Vp = 250V
\ R§2 =68kO
AN Rk=00
Rg, =I00KQ
\ \
20| 8 4 400
\
\‘
A,
N
5 {
1S 6 Sa 3 300 ‘
B
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)
1+
9m (¢11) 1
A
- o
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(K] 4 R 2 200
A i
A 3 gc
7
/
oS 2 1 100
/ — Ig
== xin
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/ —
—
9 }.0 [ | o o
) 2 4 Vosc (Vems)

PERFORMANCE CURVES FOR USE AS FREQUENCY CHANGER WITH
Rx=0Q
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TRIODE HEPTODE

Triode heptode primarily intended for use as a frequency changer.

HEATER

Suitable for series or parallel operation, a.c. or d.c.

5

Y

CAPACITANCES

Cah-at
[ed

ah-gt
“ah-(g3+gt)
Co1-at
Cgl-gt
Cg1-(g3+gt)

Heptode section

“in(g1)
Cin(g3)
out
Ca—gl
Cgl-g3
Cg1-h
Cg3-h

Triode section
(32
in
out
€
a-g

Cg—h

DECEMBER 1965

ECHSI

6.3 v
300 mA
200 mpF
<90 mpF
<350 mpF

<60 mpF
<170  mpF
<450 mpF

4.8 pF

6.0 pF

7.9 pF
<6.0 mpF

<300 mpF
<170 mpF
<60 mpF

2.6 pF

2.1 pF

1.0 pF
<20 mpF

Page D1



OPERATING CONDITIONS OF HEPTODE SECTION AS R.F. OR I.F. AMPLIFIER «

v 250 250 v
Va 160 248 \’
Vg3 0 0 \'
R 22 22 kQ
g2 + g4
*vgl - -35 \'
ng + g 96 245 \'
Ia 11 - mA
Ig2 +gd I - mA
Igl 0.5 - LA
€ 4500 45 LA/V
¥ 0.24 >10 MQ
Fg2-g1 % -
5 4.5 - kQ
Ra 8.2 8.2 kS
Rgz + gl 22 22 kQ

*Operating with grid current bias as obtained with Rgl i E 1IMQ and with zero

a.g.c. volts; resulting Vgl = -500mV.

OPERATING CONDITIONS OF HEPTODE SECTION AS A.M. FREQUENCY >
CHANGER*
Vb 250 250 A\
Va 225 240 \%
Rgz + g4 22 22 kQ
Rg3 +gt 47 47 kQ
Vgl - -28 \%
ng +gd 78 235 v
Ia 3;3 - mA
Ig2 + g4 7.8 - mA
L3y gt 200 200 LA
HIgl 0.5 - LA
g 1100 11 LA/V
R'd. 8.2 8.2 k2
Req 30 - kQ

*Triode operating with V, = 250V, R _= 33k2 and V = 8V.
b e osc (r.m.s.)

**Operating with grid current bias as obtained with R e IMQ and with

1
a.g.c.volts;resulting V__ = -500mV.

gl

DECEMBER 1965 \v/ Page D2
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TRIODE HEPTODE

CHARACTERISTICS

Triode section

max. (Ig =+0.3uA)

Heptode section

A
a

Vg3
Vg2 + g4
gl
Vgl
I
a

=

IgZ + g4

€m

“gZ -gl

ECH8I

OPERATING CONDITIONS OF TRIODE SECTION AS R.F. OSCILLATOR

Vb

Ra.t
Retg3
Igt+g3

Iat

g, (e
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Triode section
Va(b) max.
V_ max.
a

p. max.

»

[
(3

max.
g-k max.
h-k max.

o < =

h-k max.,

DECEMBER 1965 N

100 \4
13, mA
0 A
3. mA/V

22
6. kQ
-1.3 \'4
160 v
0 \'
100 v
0. LA
-0. v
11 mA
) mA
4. mA/V

25
250 v
33 kQ
47 k2
200 LA
4. mA
650 LA/V
550 \4
250 A%
800 mwW
6. mA
3. MQ
100 v
20 kQ
Page D3



Heptode section
Va(b) max.
V_ max.

a

p, max.
A%
A\’
\%

g2+g4(p) T

g2+g4 TRae:
gl max. (Ia <1mA)

pg2+g4 A
Ik max.

Rgl i max.
*RgS-k max.
Vh-k max.

Rh—k max.

100
20

*If the two sections of the valve are switched during operation so that there

is no direct connection between g3 and S as may occur in f.m./a.m.

receivers, then R max. = 20kQ2.

g3-k

Qn 9t

g2,g4 gt

BOA Base

All dimensions in mm

DECEMBER 1965

e—22-2 max-s-

——— 603 max—

67:-3max
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TRIODE HEPTODE ECHS8I

ECHS8I B4345 |14
(
[TILT (WA)
Voh, =250V
Rgtog3 = 47kQ
Igt.g3 =200pA
Vbt =250V
Rat = 33kQ
104
Vb 2250V » /
Roh = B-2kQ / A LU LEL
R92.94 = 22kQ é 1 y 4
ad y.
’ ,;f %
A | LAY |
v L / A 103
'A » y i
4 a 4
T 7
Pd r y
@0\\ 4
b?‘b '/ A
A /
A/ ’ 00A y.
//, Vv, /, {
Y
/1 A/ /
O,
4 o/ ) 102
r/ D
4 S
7| / Lo
7 y >
4 / g
y
4 / i
i
/ 10
Vg1 (V -40 -30 -20 -10 0

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WHEN
USED AS A FREQUENCY CHANGER
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ECH8I el 9
[T 1 (HAIV)
Vah =250V -
Rgtega = 47kQ
Igt.eg3 =200pA

L Vbt =250V
Rdt = 33 kﬂ. -{
(]
i g '03
L l ]
+ 4
Vg2+g4 =250Vl | | | l |
=200V - |
=150V~ [T T~
. |oov\:\\;\~\ % / ]
= 5OV\\\\ \\\\ S ~A/4 Gy |02
¥ | 1 | | E
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| 111 N
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Raop = 82kQ ™
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: vy i
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Vg1 (V) -30 -20 -10 0

CONVERSION CONDUCTANCE PLOTTED AGAINST CONTROL-GRID
VOLTAGE WHEN USED AS A FREQUENCY CHANGER
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TRIODE HEPTODE ECHSI

Ca HH eche HH B4347 | Lo (pA)
(M) HrrrrH Tg2ega(ua)
9. (HAV)
Vph 2250V
Rah = 8:2kQ
Rg2.g4 = 22kQ
Vbt =250V
Rat = 33kQ
Rgteg3 * 47kQ
2 Igg.ga :200pA
10 104
Ig2.g4
P
p
™~ q rq - Iu
N VA
\‘~\ A
10 103
N /
A .
IgZog4 - N N
4 N
Y1 NN
10 4 N 102
9c N
Y
4
£
7l e %
P
-~
0-1 11 10
Vg1 (V) -40 -30 -20 -10 o

ANODE AND SCREEN-GRID CURRENTS, CONVERSION CONDUCTANCE

ANODE IMPEDANCE AND EQUIVALENT NOISE RESISTANCE PLOTTED

AGAINST CONTROL-GRID VOLTAGE WHEN USED AS A FREQUENCY
CHANGER
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TRIODE HEPTODE ECHS8I
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INDICATING THE R.M.S. VALUE OF THE VOLTAGE OF AN INTERFERING
SIGNAL AT THE GRID PRODUCING 1% CROSS AND HUM MODULATION
AS A FUNCTION OF THE CONVERSION CONDUCTANCE
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TRIODE HEPTODE ECHSI

ECHB8I B435! Im
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MUTUAL CONDUCTANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE
FOR HEPTODE SECTION
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SCREEN-GRID CURRENT PLOTTED AGAINST SCREEN-GRID VOLTAGE

TRIODE HEPTODE

™

WITH CONTROL-GRID VOLTAGE AS PARAMETER FOR HEPTODE SECTION

DECEMBER 1965



< -r\
° 1
2 1<
o 5 (=Y
1 E
1o
<
4 O
: =
" _H
X o
p.d - ]
a
>xS
i
© o © \ m
5: IIIIIv 3} - *9
w o 7
— £
nu%, /
>xo / 1
-
]
1o
24
1
4
o
= Py P
.sg o o o
> E
>
£

INDICATING THE R.M.S. VALUE OF THE VOLTAGE OF AN INTERFERING
SIGNAL AT THE GRID PRODUCING 1% CROSS AND HUM MODULATION
AS A FUNCTION OF THE MUTUAL CONDUCTANCE
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TRIODE HEPTODE ECHSI
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ANODE CURRENT AND MUTUAL CONDUCTANCE PLOTTED AGAINST
GRID VOLTAGE FOR TRIODE SECTION
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH
CONTROL-GRID VOLTAGE AS PARAMETER FOR TRIODE SECTION
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TRIODE HEPTODE Ec 3
Triode heptode intended for use as a frequency changer H8

or combined r.f. and a.f. amplifier in equipment operating
directly from a 6V, 12V or 24V battery, on or off charge.

HEATER
Vn 6.3 \%
In 300 mA
CAPACITANCES
Cah-at 200 mpF
Can—gt <90 mpF
Cah—g3+gt <350 mpF
Cgl-at <60 mpF
Cel-gt <170 mpF
Cgl-g3+gt <450 mpF
Heptode section
Cin(gl) 4.8 pF
Cin(g3) 6.0 pF
Cout 7.9 pF
Ca—g1 <12 mpF
Cg1-g3 <300 mpF
Triode section
Cin 2.6 pF
Cout 241 pF
Ca—g 1.0 pF

OPERATING CONDITIONS OF HEPTODE SECTION
AS R.F. AMPLIFIER

Va=Vyp 6.3 12.6 25 \%
Ve2ig3iga 6.3 12.6 25 \
*Ve1(1) 0 0 0 \%
Ve i t t
Rg1 1.0 1.0 1.0 MQ
la 0.1 0.4 1.25 mA
lg2+g3+g4 80 250 850 uA
gm 0.35 0.75 1.5 mA/V
ra 600 850 200 KkQ
Req 8.5 6.5 5.0 kQ
Vg1 (for 100 : 1 reduction
in gm) -2.0 -2.8 —4.4 \%
*Ve1n) = Voltage at earthy end of grid leak.

TObtained by grid current biasing.

a—
[Mullard]
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ECH83

TRIODE HEPTODE

OPERATING CONDITIONS AS A.M. FREQUENCY CHANGER

(multiplicative mixer)

Heptode section

s = Vo 6.3 12.6 25 \
Veoiga 6.3 12.6 25 A
*Ve1(b) 0 0 0 \'%
g1 T T i
Rg1 1.0 1.0 1.0 MQ
la 18 100 460 uA
lg2+ga 0.1 0.35 125 mA
lgs+gt 28 32 54 uA
Vosn-lr.m.s.) 09 12 20 \"
Rg3 gt 47 47 47 kQ
gc 50 160 390 pA/V
ra 3.75 3.8 | MQ
*Vg1n) = Voltage at earthy end of grid leak.
tObtained by grid current biasing with Rg; = 1.0M€Q.
Triode section
Va = Vp 12.6 \
€ 0 Y
la 750 uA
gm 1.4 mA/V
'g(+g3 42 (,LA
Ret+es 47 kQ
gt+g3(r.m.s.) 17 V
OPERATING CONDITIONS OF TRIODE SECTION
AS A.F. AMPLIFIER
Vi 12.6 \'%
Ra 150 kQ
Rg 10 MQ
Rg1 (of following valve) 10 MQ
Vrmt/vin 80
out 18 v
tot 50 ‘,’0
LIMITING VALUES
Heptode section
V. max. 30 \%
Vg24iga Max. 30 \
I max. 50 mA
Rg1-k max. 3.0 MQ
Rg3-x max. 50 kQ
Triode section
Va max. 30 \%
lx max. 3.0 mA
(™
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TRIODE HEPTODE

ECH83

ap  at

g2,94 gt

BOA Base

All dimensions in mm

p—22-2 max-e

60-5max ————

67-5max —————
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TRIODE HEPTODE ECH83
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ECH83 TRIODE HEPTODE
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TRIODE HEPTODE ECH83
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ECH83 TRIODE HEPTODE
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TRIODE HEPTODE ECH83
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ECH83 TRIODE HEPTODE
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TRIODE HEPTODE ECH83
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TRIODE HEPTODE
Triode heptode intended for use as a noise cancelled ECH 84

synchronising pulse separator and time base oscillator.

HEATER
Suitable for series or parallel operation, a.c. or d.c.
Vi 6.3 \%
In 300 mA
CAPACITANCES
Gah=al <250 mpF
Can-gt <90 mpF
Cgi-at <80 mpF
Gl gt <100 mpF
Ce3-at <130 mpF
Heptode section
Ca—gl <9.0 mpF
Triode section
Cin 3.0 pF
Ca—g 1.1 pF
CHARACTERISTICS
Heptode section
Vy 135 v
" 0 \
Veoig4 14 \
Vi 0 \
la 17 mA
lgotga 900 uA
gm 22 mAV
Vs (la=20p.A) -2.0 \
Vg1 (la=20uA) -1.9 v
—Vg3 max. (Iz1 = +0.3uA) 1.3 \4
-Vo1 max. (Igz = +0.3pA) 1.3 \
Triode section
Va 50 \
Vg 0 Vv
la 3.0 mA
gm 3.7 mA)V
> 50
Lo (Va=200V, V,=-11V) <100 uA
-V max. (lg = +0.3pA) 1.3 \"
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ECH84

TRIODE HEPTODE

DESIGN CENTRE RATINGS

Heptode section
Vu(b) max.
Va max.
pa Max.

ng +gd(bh) Max.

Vg2iga max.
Vg24ga min.
Pg2+ga Max.
=Vg1(pk) Max.
=Vg3(pk) Max.

I max.
Rg1-x max.
Rg;], k mMax.
Vi-x max.
Triode section
Vaen) max.
V. max.
Pa Max.
=Vg(pk) Max.
I, max.
R, x max.

g

ah at

g2.94
93*' —— Gt

g
o

k,go.sh h

NOVEMBER 1963

550
250
1.7
550
250
10
800 m
150
150
12.5 mA
3.0 MQ
3.0 MQ
100

L P

<

550
250
1.3
200
10
3.0

<<

X3
o> <

e 22:2 max -»

h
h anp
k,g5.s g2,94 x =
g o
£
" ©
gl at o G
0 ©
g3 gt
BOA Base
All dimensions in mm - ﬂ I
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TRIODE HEPTODE ECH84

£\

Ba24 [ I
T { ECH84 a
!

A
(T 111 i
Heptode section
L] ‘ |
V, =135V ;
Vga= OV |
i i 8-0
| | |
i ; I
1 | |
A \
:
/
60
/
| | |
| | / |
] 1 J 1
; | | /
| 1 | 5
i ! . Y 4.0
[ 1 |
| | [ |
= ! o
e L | 1 Vg2 + g4 =60V ) ‘
|
/
| / /
: | 30V 2.0
‘ | [ ; R4 ’
| [ ‘ 1 ’ /
| | ’ //§ /
11 | 14v A
| | | ! 7
| | “, A/ ]'
P4
»
|
1 B o L I
— Pl | 1 | I o
Vg (V) -6 ) 2 o
)

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH
SCREEN-GRID YOLTAGE AS PARAMETER

ca—
[Mullard |

NOVEMBER 1963 N, Page C1




ECH84 TRIODE HEPTODE
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TRIODE HEPTODE ECH84
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ECH84 TRIODE HEPTODE
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TRIODE HEPTODE
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ECH84 TRIODE HEPTODE
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TRIODE PENTODE

Combined triode and output pentode primarily designed for use
in television receivers with the triode as a frame blocking oscil-
lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
o~ the operation of the pentode as an audio output valve or a synchronising pulse separator.

ECL80

TRIODE SECTION AS AF. VOLTAGE AMPLIFIER
Operating Conditions

Vb

v)
170
170
170

200
200
- 200

Ra lat Vet VL‘". Vout*

(k Q) (mA) (V) Vin (Vr.m.s.)
47 1.8 3.5 9!5 22

400 1.0 3.5 10.5 24

220 0.5 3.5 11 24.5
47 2.2 4.2 9:5 27

100 1.2 4.2 10.5 29

220 0.6 4.2 1 30

Dl,ot*
(%)
8.7
7.6
6.5

9.0
8.0
6.5

Rt
(k Q)
150
330
680

150
330
680

Output voltage and distortion at the start of positive grid current. At

lower output voltages the distortion is approximately proportional to
the voltage.

1 Grid resistor of the following valve.

LIMITING VALUES

Pentode Section

Va(n, max.

Va(pk) Max.

Va max.

Pa Max.

Vga(b) Max.

Vgy max.

Pga Max.

Ix max.

ix(pk) Max.

Vg, max. (lg;=-+0.3pA)

Rgi_x max. (Ix=12 mA) (frame output valve)
Rgi_x max. (lk=20 mA) (audio output valve)
Rh_k max.

Vh_k max.

550
1.2
400
3.5
550
250
1.2
25
350
—-1.3
2.2
1.0
20
150

M Q
MQ
k ©Q

V.

* Max. pulse duration 10%, of one cycle, with a maximum of 2 m secs.

ISSUE 2
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ECL80 TRIODE PENTODE
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-
lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.

LIMITING VALUES

Triode Section

Vann, max. 550 v
Vat max. 200 \"
Pat Max. 1.0 w
lx max. 8 mA <
* ikpk) Max. 200 mA
Vgt max. (lgs=+0.3 nA) —-1.3 \"
Rgt_x max. 3 MQ
Rh,k max., 20 k Q
Vh_k max. 150 Vv

* Max pulse duration 10%, of one cycle, with maximum of 2 m secs.

When the triode section is used in amplifier circuits, where the input
voltage, foran output of 50 mW is less than 50 mV, no special precautions
need be taken against microphonic effects.

e 222mM .

max.

Qn Qg I [

h

h ap
o g 3
9 ks / ©70 \ g3 £ =
) 9t @- = £
9 (e} o E £
Q ~
0 ©
C 3 il 9l ‘

BSA

ks h h Noval Base m
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TRIODE PENTODE ECL80
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-

lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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ECL80 TRIODE PENTODE
Combined triode and output pentode designed primarily for use

in television receivers with the triode as a frame blocking oscil-
lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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TRIODE PENTODE ECL80
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-

lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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ECL80 TRIODE PENTODE
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-
lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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TRIODE PENTODE ECL80
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-

lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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ECL80 TRIODE PENTODE
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-
lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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TRIODE PENTODE ECL
Combined triode and output pentode primarily designed for use 80

in television receivers with the triode as a frame blocking oscil-

lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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ECL80

TRIODE PENTODE

Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-
lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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TRIODE PENTODE ECL80
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-

lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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ECL80 TRIODE PENTODE
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-
lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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TRIODE PENTODE ECL80
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-

lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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EC L80 TRIODE PENTODE
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-
lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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TRIODE PENTODE ECL80
Combined triode and output pentode primarily designed for use

in television receivers with the triode as a frame blocking oscil-

lator and the pentode as a frame output valve. Other applications include the use of the
triode as a line blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and
the operation of the pentode as an audio output valve or a synchronising pulse separator.
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TRIODE PENTODE ECL82
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.

HEATER
Vi 6.3 \
Iy 780 mA
MOUNTING POSITION Any
CAPACITANCES
Cap._at <0.25 pF
Cap-gt <0.02 pF
Cgip-at <0.02 PF
Cgip-gt <0.025 pF
Pentode section
Ca_gi <0.3 pF
Cin 9.3 pF
Cout 8.0 pF
Cgi-h <0.3 pF
Triode section
Co_g 4.2 pF
Cin 2.7 pF
Cout 43 pF
Cg-h <041 pF
CHARACTERISTICS
Pentode section
Va 200 250 \"
Vo 200 250 \"
la 35 28 mA
IIZZ 7.0 5.7 mA
Ve -16 -22.5 A
gm 6.4 5.0 mA/V
ra 20 25 kQ
Mg1-g2 9.5 9.5
Triode section
Va 100 \
'a 3.5 mA
Vg 0 \'%
gm 2.5 mA/V
ra 28 kQ
i 70
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ECL82 TRIODE PENTODE
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.

PENTODE SECTION AS FRAME OUTPUT VALVE
Circuit design

To allow for valve spread and deterioration during life the frame
output circuit should be designed around the following values

Va 50 \

Ve, 170 Y

iamk, 85 mA

For an average new valve the following figures will apply

a 50 \

Vo 170 v

ia(nk) 135 mA

Vg, adjusted so that lg, — +0.3uA

PENTODE SECTION AS AUDIO OUTPUT VALVE
Single valve class ‘A’

Va 200 250 \
Ve, 200 250 \%
*Res 0 2:2 kQ

lago) 35 28 mA

lgs oy 7.0 55 mA
lg, (max. sig.) 16 10.5 mA
g1 -16 -22.5 \

Ry 390 680 Q

Vln(lnm.s.; (Pout = SOmW) 600 780 mV

Ry 5.6 9.0 kQ

Vln(r.m.s.] 6.6 95 \Y

but 3.5 3.4 w

Dtut 10 10 (,"u

Two valves in class ‘AB’ push-pull

Va 200 250 \
Vo, 200 250 Y
**Rgo 0 2.7 k€2
lao) 2% 35 2x21.5 mA

la (max. sig.) 2x39.5 2x<27.5 mA
leso) 2x7.0 242  mA
lg, (Max. sig.) 216.5 2x92 mA
1Rk 190 390 Q
Vinggignr.m.s. 25 38 Vv
a_a 6.0 10 kQ
Puut 98 90 \a%
Dtut 4.0 .50 “u

*Undecoupled screen-grid resistor.

+Pout and Dyt are measured at fixed bias and therefore represent the
power output available duiing the reproduction of speech and
music.

**Common screen-grid resistor undecoupled.
TtCommon cathode bias resistor.

(@
[Mullard]
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TRIODE PENTODE ECL82
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.

TRIODE SECTION AS A.F. VOLTAGE AMPLIFIER

V], R-d |a Rk Rg Zsuurce M Diot Rgli<
V) (kQ) (mA) (k€2) (MQ) (k) Vin 95 (k)
250 100 1.05 1.5 3.3 0 48 0.8 330
200 100 0.85 1.5 3.3 0 47 1.0 330
150 100 0.6 1.8 33 0 45 1.9 330
100 100 0.38 1.8 3:3 0 41 6.0 330
250 100 1.05 1.5 3.3 220 44 0.75 330
200 100 0.85 1.5 3.3 220 43 0.85 330
150 100 0.6 1.8 33 220 4 1.05 330
100 100 0.38 1.8 3.3 220 34 3.6 330
250 220 0.63 2.2 3.3 0 55.5 0.75 680
200 220 0.52 2.2 3.3 0 54.5 1.0 680
150 220 0.36 2.7 3.3 0 52 1.85 680
100 220 0.23 2.7 33 0 47 4.25 680
250 220 0.63 2.2 3.3 220 51.5 0.7 680
200 220 0.52 2.2 33 220 50 0.5 680
150 220 0.36 2.7 3.3 220 47 1.0 680
100 220 0.23 2.7 3.3 220 38 3.75 680
250 100 1.4 0 22 0 50 0.5 330
200 100 1.05 0 22 0 48.5 0.7 330
150 100 0.7 0 22 0 46 1.55 330
100 100 0.37 0 22 0 44 8.0 330
250 100 1.4 0 22 220 46 22 330
200 100 1.05 0 22 220 44 2.1 330
150 100 0.7 0 22 220 42.5 1.6 330
100 100 0.37 0 22 220 37 59 330
250 220 0.78 0 22 0 58 0.5 680
200 220 0.59 0 22 0 56 0.8 680
150 220 0.4 0 22 0 53 1.7 680
100 220 0.21 0 22 0 46 5.6 680
250 220 0.78 0 22 220 52.5 2.2 680
200 220 0.59 0 22 220 51 2.0 680
150 220 0.4 0 22 220 48.5 1.4 680
100 220 0.21 0 22 220 42 34 680
*Grid resistor of following valve
\—\;%l measured with an input voltage of 100mV
Diot measured for Vou — 10V

MICROPHONY AND HUM
The triode section can be used without special precautions against
microphony and hum in circuits in which the input voltage is
=10mV(r.m.s.) for an output of 50mW from the output stage.

(R
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ECL82

TRIODE PENTODE

Combined triode and cutput pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.

LIMITING VALUES

Pentode section

Vi) max.
Vi max.

}+ Varpk, max.
F-Varpk, mMax.

pa max. (frame output)

pa max. (audio applications)
Vgob) Max.

Vg, max.

Pgs Max.

Pg» Max. (speech and music)
I max.

Rg,_x max. (fixed bias)
Rg, k max. (cathode bias)
VhAk max.

Rhfk max.

Triode section

Va(n, max.
V. max.

F+Vapk, max.

pa Max.
I max.
*ik(pk) Max.
¢k max. (fixed bias)
Rg_x max. (cathode bias)
Rg x max. (grid current biasing)
Z; x max. (f = 50¢/s)
Vhrk max.
Rh>k max.

*Maximum pulse duration 200us

550 A
300 M
25 kY
500 v
5.0 4
7.0 w
550 v
300 v
1.8 w
3.2 w
50 mA
1.0 MQ
20 MQ
100 \
20 kQ
550 v
300 Vv
600 \
1.0 w
15 mA
200 mA
1.0 MQ
3.0 MQ
22 MQ
500 kQ
100 \
20 k€

tMaximum pulse duration 4%, of one cycle with a maximum of 800us

ISSUE 1
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TRIODE PENTODE

Combined triode and output pentode with separate
cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.
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ECL82 TRIODE PENTODE
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.
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ECL82

Combined triode and output pentode with separate
cathodes intended for use as a combined a.f. amplifier

and output valve or frame oscillator and output valve.

TRIODE PENTODE
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ECL82 TRIODE PENTODE
Combined triode aad output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.
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TRIODE PENTODE ECL82
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.
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ECL82 TRIODE PENTODE
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.
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TRIODE PENTODE ECL82
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.
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ECL82 TRIODE PENTODE
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.
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TRIODE PENTODE ECL82
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.
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ECL82 TRIODE PENTODE
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.
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TRIODE PENTODE ECL82
Combined triode and output pentode with separate

cathodes intended for use as a combined a.f. amplifier
and output valve or frame oscillator and output valve.
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R.F. PENTODE

High slope r.f. pentode primarily intended for r.f. or i.f.
amplification in television receivers. It is suitable for use as a
video amplifier, mixer or synchronising pulse separator.

EF80

HEATER
Suitable for series or parallel operation a.c. or d.c.
Vh 63 \
In 300 mA

CAPACITANCES
Cin(gl) 7.0 pF <
Cin(g2) 5.4 pF
Cout 34 PF &=
Ca—gl <7.0 mpF
Cg2-gl 2.6 pF
Cais <10 mpF
Cgl-h <150 mpF

CHARACTERISTICS
Va 170 \'%
Vge 170 \%
' 0 \
la 10 mA
lgo 2.5 mA
Va -2.0 \
gm 74 mA/V
ra 400 kQ
tgl-g2 50
Req 1.0 kQ
re1 (f = 50Mc/s) 10 kQ
Vg1 max. (g1 = +0.3pA) -1.3 \

LIMITING VALUES
Vap) max. 550 \%
Vi max. 300 \4
pa Max. 25 w
VgZ(b) max. 550 \%
Vg2 max. 300 \
Pg2 Max. 700 mW
I max. 15 mA
Rgl~k max. 500 k)
Vh-k max. 150 \Y
Rp—k max. 20 k<

(C )
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R.F. PENTODE
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ANODE AND SCREEN-GRID CURRENTS PLOTTED AGAINST ANODE

VOLTAGE, WITH SCREEN-GRID VOLTAGE AS PARAMETER. V.
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R.F. PENTODE

EF80
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R.F. PENTODE EF80
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EF80 R.F. PENTODE
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R.F. PENTODE EF80
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SCREEN-GRID CURRENT IN THE REGION OF THE ORIGIN PLOTTED
AGAINST CONTROL-GRID VOLTAGE WITH ANODE AND SCREEN-GRID
VOLTAGES AS PARAMETER
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R.F. PENTODE
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EF80 R.F. PENTODE

- ey
T ‘ (mA)
i i ;
\ f NN /
| | /
‘ =TT
| 1 40
- 1T *,‘L, Vius
= == = = = i ,f,
Ll NN TS |
b 19 1
v 30
1] | - ”yf;( /-
RN I I -k
) 8 lfw J’ 11 /
O, \\ O, | N*f. | | .
PR TTING TN TIYr#
aj} ™ N ! % i : /TI/
>
N o %00 1 TINI TV T o/
N / /Q’/ -
C ‘
A N N N\ / 7 1/ 4
\%&o _ N NN / 7/
2 % &\ N \\ B 7‘ / L
N Y NHEAN \\ { 1/ | €
¢>0 . N A,
o N h \X / P d
S5 . ™
MR TN TN A NEEY, -
~LONSUONAN/NY \\
L e N A
-, a ™ NNER>
A T THIPANY SN A
A N N\
7 7 =
— >
L I — I I ‘ o
Ve () 2 =2 <)

CATHODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE
WITH ANODE AND SCREEN-GRID VOLTAGES AS PARAMETER

(@
[Mullard]|

JANUARY 1960 (1) v Page C8




R.F. PENTODE EF80
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EF80 R.F. PENTODE
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R.F. PENTODE EF80
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VARIABLE-MU R.F. PENTODE

High slope variable-mu r.f. pentode, primarily
intended for use in television receivers.

HEATER

Suitablz for series or parallel operation, a.c. or d.c.

Vh
Ih

CAPACITANCES (measured without an external shield)

Cin
Cout
Ca—g1
Cg1-n

CHARACTERISTICS

Vy = Vu
Vg:}

Re2

Vaa

la

lgo

Vai

gm

Fa

Regq

OPERATING CONDITIONS (See circuit on page D2)

Condition 1
Vi 190
Rgo 22
RL"Z' i _—
Ri1 47
Rz 100
l5 11.8
lgo 3.0

gm 6.0
V1 for 60 :1

reduction in gn -18.5
|mml 15

Condition

gm
Vg1 for 60 : 1 reduction in gp
Iwml

JULY 1961 (1) \v/

6.3 \
300 mA
7.2 pF
3.7 pF
< 7.0 mpF
< 150 mpF
250 \
0 \
60 kQ
100 \%
10 mA
25 mA
-2.0 \
6.0 mA/
500 kQ
1.5 kQ
2 3 4
190 190 190 \'
6.8 8.2 10 kQ
8.2 12 18 kQ
47 47 47 Q
56 68 82 Q
9.2 9.6 10 mA
2.2 2.2 25 mA
5.7 5.8 6.0 mA/V
-9.0 -10 -1 \
23.5 20.5 185 mA
) 6 7
190 190 190 \
12 15 18 kQ
27 47 82 kQ
47 47 47 Q
82 82 82 Q
10.7 11.3 1.7 mA
2.5 2.7 28 mA
6.0 6.2 6.0 mA/V
-12 -13.5 -15 \
17.5 16.5 16 mA
Page D1



EF85 VARIABLE-MU R.F. PENTODE

—a

LIMITING VALUES
va.(b) max. 550 \
Va max. 300 \'%
Pa Max. 25 w
Vg2(n) max. 550 \Y,
Vg2 max. 300 Vv
Pg2 Max. 650 mW
I, max. 15 mA
Rgi-k max. 3.0 MQ
Vh-kx max. 150 \'%
Rp-x max. 20 kQ

fo—22-2max—-

/-\

x
g €
5 g
(o] ©
©
BOA Base
All dimensions in mm [ ‘ ;
[ 1)
JULY 1961 (1) \v/ Page D2



VARIABLE-MU R.F. PENTODE EF85
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EF85 VARIABLE-MU R.F. PENTODE
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VARIABLE-MU R.F. PENTODE EF85
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VARIABLE-MU R.F. PENTODE
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VARIABLE-MU R.F. PENTODE EF85
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VARIABLE-MU R.F. PENTODE

Variable-mu pentode for use as r.f. or i.f. amplifier

in fum./a.m. receivers.

HEATER

Vn
In

CAPACITANCES

Cin
Cout
Ca—gl
Cgl-g2
Cgl-h

CHARACTERISTICS

6.3 \'%
200 mA
5.5 pF
5.1 pF
<2 mpF
24 pF
50 mpF
250 \%
0 \
100 \
\

mA

mA/V
MQ

| cwwob
conooo
3
>

*At this voltage grid current may occur. If this is not acceptable the negative
bias voltage should be increased to -2.0V.

OPERATING CONDITIONS

Vo = Vb 250 250
Ve 0 0
Reo 62 51
Vi -0.5* -2.0
Ry — 160
Rt 10 -
Iy 8.5 9.0
los 2.8 3.0
gm 4.4 3.5
Fa 1.0 1.0
Rieg 2.4 42
gm (Vg1 = —20V) 220 240
Fa1 (f = 50Mcfs) — 10

250

18t
-0.5%

—_

~
w

SN2 ap®O

woNnoOO

v

250 \
0 \"
18t kQ
-2.0 \"
190 Q
—_ MQ
87 mA
29 mA
3.5 mA/V
1.0 MQ
4.1 kQ
230 AV
10 kQ

*This voltage is produced by the grid current flowing through the grid
resistor and the steady current of the diode. If this condition is not accept-

able the negative grid bias should be increased to -2.0V.

+Common screen-grid resistor for EF89 and ECH81 used as a frequency
changer. The current through this resistor is 8.6mA at Vg = -2.0V and

9.8mA at Vg = -0.5V.

FEBRUARY 1960 (1)
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EF89 VARIABLE-MU R.F. PENTODE

LIMITING VALUES

Va(p) max. 550 \
V, max. 300 \
Pa Max. 225 W
Vg2(n) max. 550 \
Vg2 max. 300 \
Pg2 Max. 450 mW
I max. 16.5 mA
Rg1-k max. 3.0 MQ
Rgz—kx max. 10 kQ
Vh-x max. 100 \%
Ry—x max. 20 k<

o— 22:2mMaxe

} }

[ |

| }

| i

\ |

| |

x J

o

é £

> ©

X |

| |

' - BOA Base ‘ 1

All dimensions in mm ‘ ” |
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VARIABLE-MU R.F. PENTODE EF89
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EF89 VARIABLE-MU R.F. PENTODE
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VARIABLE-MU R.F. PENTODE EF89
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VARIABLE-MU R.F. PENTODE
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VARIABLE-MU R.F. PENTODE EF89
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EF89 VARIABLE-MU R.F. PENTODE

; EFB9 6888
Vin(rms)
(mV) - -
300 K=1%
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CROSS MODULATION AND MODULATION HUM CURVES
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R.F. PENTODE

High slope pentode primarily intended for use as r.f.

and i.f. amplifier or mixer valve.

EF9I

HEATER

Suitable for series or parallel operation

Vh

In

CAPACITANCES
Cin
Cout

Ca—g1

CHARACTERISTICS

g1-g2
Req
rg1 (f = 50Mc/s)

Vg3 for cut-off (I,<<501A)

OPERATING CONDITIONS AS MIXER

lg1

Vose (r.m.s.)
8c

8m(eff.)

Fa

OCTOBER 1961

6.3 \Y
300 mA
Unshielded Shielded —
71 74 pF
241 34 pF
<20 <10 mpF
250 v
0 \%
250 \
-2.0 \
10 mA
2.6 mA<—
7.6 mA/V
> 500 kQ<—
70
12 kQ
6.5 kQ<—
-120 V<
250 v
0 \
470 Q
1.0 MQ
6.0 mA<—
1.5 mA<—
2.0 nA<—
4.0 V<
2.5 mA/V
3.2 mA/V<—
880 kQ<—
Page D1



EF9I

R.F. PENTODE

LIMITING VALUES

Va(p) max.
Va max.
Pa Max.

Vgo(n) max.

Vga max.
Pg2 Max.
-Vg1 max.
I max.

Rgi-k max.

Vh Kk Mmax.

Tpuy max.

i

935
9 —

h
h/"’/ TS d
/ O © @]
|

k \\ e] o 93
\ o« o

B7G Base

All dimensions in mm

OCTOBER 1961

47-5max

550
300

25

550
300
650

50

15
250
150
210

A
/«»4

m

<2 LS <c<

mA
kQ<—

°C<«
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R.F. PENTODE EF9 I
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EF9 I R.F. PENTODE

8727

Vg (V)

~

250

i~

200

N N s i Sy e e, )

N

EFOI
e
-0-5V
-1-ov
-15v
T
-2:0V
-2:5V
T
1
150

-

100

ov
g

)

Vg|

|

150V

ov
4
50

/
/
—~

Vgo
Vg3

| 7
A

15
10
5
(0]

=]
—

(mA)

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH CONTROL
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GRID VOLTAGE AS PARAMETER. Vg = 150V
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R.F. PENTODE EF9 I
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SCREEN-GRID CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH
CONTROL-GRID VOLTAGE AS PARAMETER. Vg2 = 150V
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EF9 I R.F. PENTODE
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R.F. PENTODE EF9 I
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH CONTROL-
GRID VOLTAGE AS PARAMETER. Vg = 200V
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EF9 I R.F. PENTODE
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R.F. PENTODE EF9 I
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R.F. PENTODE
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH CONTROL-
GRID VOLTAGE AS PARAMETER. Vg2 = 250V
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R.F. PENTODE EF9 I

™ T =
N &
2 2
=
3 of
. o
(0] D
1 ~
I 183
fmm 2
(;)/
|
o
B
> &
&~
1
+1
(>3 =
& =
|
— 3
T HHw > [ =
| O % A (=]
w non I3 L '.Q
m“mg =
I3 !
i
| BB i
<>) [+
T
T o
(o]
> ] - =
wn 1
(o)
1
/ /
3 [T/
]
o
> 7 711
/ o
Tl
y /
. p.
7 |
. pd 7]
o
7 7 7
A LA
b
I 4 | (@]
&< = b =4 °
- E
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EF9 I R.F. PENTODE
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R.F. PENTODE
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH CONTROL-

GRID VOLTAGE AS PARAMETER, WHEN TRIODE CONNECTED
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R.F. PENTODE
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R.F. PENTODE EF9 I
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VARIABLE-MU R.F. PENTODE

Variable-mu r.f. pentode for use as a controlled r.f. or
i.f. amplifier.

EF92

HEATER
Vi 6.3 v
|h 200 mA
CAPACITANCES Unshielded Shielded <
Cin 4.8 5.0 pF
Cout 63 65 pF
Ca—g1 < 15 <10 mpF
Ch—k 2.3 2.3 PF
CHARACTERISTICS <«—
Va 200 \Y
Vo 200 v
Ve 0 \%
ls 8.25 mA
Igz 2.1 mA
Ve -2.5 \%
&m 2.45mA/V
ra 900 kQ
tgl-g2 30
Vg1 (for 100 : 1 reduction in gn) =27 v
LIMITING VALUES
Va(n) max. 500 V<
Va max. 250 v
Pa Max. 2.5 w
Vga(n) max. 500 V<
Vgo max. 250 \Y
Pg2 Max. 600 mW
~Vg1 max. 50 V<«
I max. 12 mA
Rgi-k max. 100 kQ<—
Vi-x max. 100 \%
Thulh max. 170 “C<—
()
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EF92 VARIABLE-MU R.F. PENTODE

=
-47-5max —
54-5max

\ A |

B7G Base

All dimensions in mm 8723
[Mullard]
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VARIABLE-MU R.F. PENTODE EF92
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EF92 VARIABLE-MU R.F. PENTODE
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VARIABLE-MU R.F. PENTODE EF92
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VARIABLE-MU R.F. PENTODE
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WITH CONTROL-GRID VOLTAGE AS PARAMETER.
\Z

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE
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VARIABLE-MU R.F. PENTODE EF92

«© —~
™ >
© -~
Ld
NS
@]
i
I
|
T
T o
- o
«
|
| =
T «
|
=
> ©
o |
N el
o
(S22 B Y >
w il © )
w = |
> >
0
|
>
<
|
> { |
™ N o
| I 2
> g
N
| N
>
Z Y
' /
{ R
3 [ARYINN)
[ N \l 2
o
S A
ARV / |
3 / 7 ] |
yARTIW IV
VA A
)V
L] A1 pAvdp4
=] = = ] A NS
- e | e =~ /ﬂ/ 4
I e o e — g [©)
N n =} n ©
o
— £
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ANODE CURRENT PLOTTED AGAINST SCREEN-GRID VOLTAGE
WITH CONTROL-GRID VOLTAGE AS PARAMETER.
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VARIABLE-MU R.F. PENTODE EF92
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SCREEN-GRID CURRENT PLOTTED AGAINST SCREEN-GRID VOLTAGE
WITH CONTROL-GRID VOLTAGE AS PARAMETER.
a = 250V
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE
WITH CONTROL-GRID VOLTAGE AS PARAMETER,
WHEN TRIODE CONNECTED
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V.H.F. PENTODE EF95
Low noise, high slope pentode primarily intended

for use as an r.f. and i.f. amplifier.

HEATER
Vi 6.3 v
In 175 mA
CAPACITANCES

Unshielded Shielded
Pentode connection

Cin 4.0 4.0 pF
Cout 2.2 3.1 PF
Ca—g1 23 < 20 mpF
Ch—k 2 2 pF
Triode connection
Cin 2.7 2.8 pF
Cout 4.2 5.1 pF
Ca—g 1.4 1.4 pF
CHARACTERISTICS
Pentode connection
Va 120 180 v
Veo 120 120 v
la 7.5 7.7 mA
Iga 2.5 24 mA
Va1 -2.0 -2.0 \Y%
gm 5.0 51 mA/V
ra 250 400 kQ
Ugl-g2 35 35
Req 2 2 kQ
rg1 (f = 50Mc/s) 25 25 kQ
Triode connection
Va 120 \
la 10 mA
Ve =D v
gm 6.8 mA/V
Fa 5.2 kQ
u 35
Req 900 Q
DESIGN CENTRE RATINGS
Va(p) max. 300 \"
Va max. 180 \%
pa Max. 1.7 w
Vga(p) max. 300 \'%
Vo max. 140 \
Pg2 Max. 500 mW
—Vg1 max. 50 v
Rgi-x max. 3.0 MQ<
lx max. 18 mA
Vy-i max. 120 \
Tbulb max. 170 °c
(R
[Mullard|
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EF95 V.H.F. PENTODE
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V.H.F. PENTODE EF95
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EF95 V.H.F. PENTODE

P | CELE [eFos] I | 9gm
(MQ) 1 (mA)|[(mA/V)
Vo= 180V
Vg2 =120V
-0 - fHa0 |0
j Am
/
\
08 “ 7 16 8
\ ;
I JI L&
X
7
I
\ 1 T
‘ T
06 'I 2 |6
\
7
| A
T -
| |
i 9m 1
04 —— - —H8 |4
[ FARNEN! [
] 7 TN "]
| /! h | | [
NS
/ TTINGZ
/ ‘I I ') .
02 w4 |2
y 7as
4 Ig’z T
) I
4 7
A, A L
A
e -
o - o _|o
Vgi(V) -6 -4 -2 [§]

ANODE CURRENT, SCREEN-GRID CURRENT, MUTUAL CONDUCTANCE
AND ANODE IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE.
Va = 180V

JULY 1961 (1) Page C2




V.H.F. PENTODE EF95
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE
WITH CONTROL-GRID VOLTAGE AS PARAMETER
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V.H.F. PENTODE EF95
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EF95 V.H.F. PENTODE
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VARIABLE-MU R.F. PENTODE

Frame-grid variable-mu r.f. pentode for use as
an automatic gain controlled i.f. amplifier in
television receivers.

EFI83

HEATER

Suitable for series or parallel operation, a.c. or d.c.

Vi 6.3 \%
In . 300 mA
CAPACITANCES
Cin 9> pF
Cout 3.0 pF
Ca—gl 5.5 mpF<—
Col-g2 2.8 pF
CHARACTERISTICS
Va 170 200 230 \'
Vgo 90 90 90
' 0 0 0 \
Iy 14 12 10.5 mA
lgo 5.3 4.5 36 mA
Vit -1.8 -2.0 -21 \
gm 14 12.5 10.6 mA/V
ra 350 500 650 kQ
re1 (f = 40Mc/s) 11.6 13 15.3 kQ
Req (f = 40Mc/s) — 490 — Q<
(@
mm Page D1
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EFI83

VARIABLE-MU R.F. PENTODE

OPERATING CONDITIONS

3.

With compensating resistor Ri; (e.g. vision i.f. amplifier)

Condition
*Vp,

Rga

Rg2~ e’

ltotal

Condition
*Vb

Rgo

Rgz—c’

Ri1

Ry

Rg1

la

lgo

gm
Vg1 for 100 : 1
reduction in gm

ltotar

Var for 100 : 1
reduction in gm

1
190

22

22
100

1.6
43
123

-18.5
16

2
190
6.8
8.2
22
56

1.8
44
12.4

-13.5
18.5

3
190
8.2
12
22
68

1.7
4.4
12.2

-10
24

12
4.5
12.5

-14.5
14.7

4
190
10
18
22
82

11.4
4.3
12

-1
21

8
190
33
22
0
470
11.6
4.4
15.5

-17
16

\
kQ
kQ

Q

Q
kQ

mA
mA
mA/V

\
mA

\%
kQ
kQ

Q

Q
kQ

mA
mA
mA/V

\
mA

*For other values of Vi up to 210V, the above conditions can be used
providing the values of Rg2 are changed to keep Vg2 at approx. 90V.

FEBRUARY 1962
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VARIABLE-MU R.F. PENTODE EF I 83

7647 +Vp
o
*——0

Without compensating resistor (e.g. sound i.f. amplifier)

Condition 1 2 3 4
Vi 190 190 190 190 \'
Rg2 22 6.8 8.2 10 kQ
Rg2—x — 8.2 12 18 kQ
Rk 120 68 82 100 Q
la 11.7 12 11.8 1.4  mA
lgo 4.3 4.5 4.4 43 mA
%m or 10 12.4 13 12.3 12 mA/V

g1 for 51

reduction in gm -5.0 -3.0 -3.25 =35 Vv
Vg1 for 100 : 1

reduction in gn -18.5 -9.0 ~10 -1 \Y
ltotal 16 27 24 21 mA
Condition 5 6 7
*V 190 190 190 \'
Rgo 12 15 18 kQ
Rgo k 27 47 82 kQ
Rx 100 100 100 Q
5 11.8 12 12 mA
lgo 4.4 4.5 45 mA
gm 12.4 12.5 12.5 mA/V
Vg1 for 10 :1

reduction in gm -4.0 -4.4 -4.6 Vv
Vg1 for 100 : 1

reduction in gn -12 -13.5 -145 \
ltotal 19.7 18.5 17.5  mA

*For other values of Vy, up to 210V, the above conditions can be used
providing the values of Rys are changed to keep Vg2 at approx. 90V.

(@)
[Mullard]
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EF I 83 VARIABLE-MU R.F. PENTODE

DESIGN CENTRE RATINGS

Va(n) max. 550 \%
Va max. 250 \
pa Max. 2.5 w
Veg2(n) max. 550 \%
Vg2 max. 250 \4
Pg2 Max. 650 mW
—Vgi(pk) Max. 50 \"
| max. 20 mA
Rg1-x max. ) 1.0 MQ
Rgs-x max. 50 kQ
Vh-kx max. 150 v
Rh—x max. 20 kQ
Touip max. 180 C
22:2
Tmox_.l
| N }
h Y|
h s x
o X
« /003N o ¢ E
@ O & z
gl Oo oo 92 T
k 93 i
BOA Base
All dimensions in mm
(R
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VARIABLE-MU R.F. PENTODE
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EF I 83 VARIABLE-MU R.F. PENTODE
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VARIABLE-MU R.F. PENTODE EF I 83
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EF I 83 VARIABLE-MU R.F. PENTODE
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VARIABLE-MU R.F. PENTODE EF I 83
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EF I 83 VARIABLE-MU R.F. PENTODE
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VARIABLE-MU R.F. PENTODE EF I 83
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EF I 83 VARIABLE-MU R.F. PENTODE
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VARIABLE-MU R.F. PENTODE EF l 83
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