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TECHNICAL HANDBOOK SERVICE 

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. 

THE HANDBOOK 

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 
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 

~"1 of each Handbook. 

  Mullard ~  
SEPTEMBER 1967 `~ /J PREFACE Page 1 



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Handbook congested with out-of-date information.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, 
Mullard 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 VOLUME ONE 

This index of Mullard receiving and amplifying valves, special quality receiving 
valves and television picture tubes will be reissued periodically to incorporate 
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. 

O"1 
Issue No. Type Pages 
or Date No. 

Issue No. Type 
or Date No. 

Pages 

Sept. 67 Preface 4 Receiving and Amplifying Valves 

Oct 67 General Index Vol. 1 4 
(Current Types)—contd. 

4 List of Symbols 2 
Feb 60 ECC82 D1—D3 

Feb 60 C1—C7 

PART 1 June 64 ECC83 D1—D2 

May 60 D3—D5 
Receiving and Amplifying Valves 
(Current Types) Aug 65 C1—C3 

Mar 63 Valve Type 2 Dec 65 ECC85 D1—D2 

Nomenclature Dec 65 C1—C6 

Mar 60 General Operational 18 Aug 59 ECC88 D1—D2 
Recommendations Oct 59 C1—C3 

July 63 DM160 D1—D2 1 ECF80 10 

''~~ Mar 60 C1—C2 Sept 60 ECH83 D1—D3 
Dec 65 DY51 D1—D2 Sept 60 C1—C7 

Nov 65 C1 Nov 63 ECH84 D1—D2 

Oct 63 DY86 D1—D2 DY87 
Nov 63 

Mar 64 

C1—C4 

C5—C6 
Jan 66 DY802 D1—D2 2 ECL80 17 
Jan 66 C1 1 ECL82 15 
May 59 EA52 D1—D2 Nov 63 ECL86 D1—D4 
May 59 C1 Nov 63 C1—C8 

2 EABC80 10 Jan 60 EF80 D1—D2 
2 EB91 3 tan 60 C1—C11 
1 EBC81 5 July 61 EF85 D1—D2 

July 59 EBF83 D1—D2 July 64 C1—C2 

/""1 
July 59 C1—C3 Nov 60 C3—05 

1 EBF89 7 Dec 65 EF86 D1—D4 

3 ECC81 11 Dec 65 C1—C11 

~~ 
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Mullard Technical Handbook 

GENERAL INDEX TO VOLUME ONE 

Issue No. Type Pages 
or Date No. 
Receiving and Amplifying Valves 
(Current 7ypes)—contd. 

Oct 61 EF91 D1—D2 

Oct 61 C1—C13 

Oct 61 EF92 D1—D2 

Oct 61 C1—C8 

tan 63 EF95 D1—D2 
July 61 C1—C6 
Feb 62 EF183 D1—D4 
Aug 61 C1—C2 

July 64 C3—C4 

Aug 61 CS—C10 

Feb 62 EF184 D1—D2 

Sept 63 C1—C6 

May 63 C7—C8 
Sept 63 C9—C12 

Apr 64 EL360 D1—D2 
Oct 58 D3 
July 60 C1—C12 
Mar 61 C13—C16 
June 63 C17—C22 

Feb 60 EM81 D1—D2 

Feb 60 C1 

May 62 EM87 D1—D2 
May 62 C1 

July 64 1EY87 D1—D2 

July 64 C1 

Jan 60 EZ80 D1 
Jan 60 „ C1—C2 
Jan 67 GY501 D1—D2 
May 65 C1 

Apr 65 PC86 D1—D2 

Oct 63 C1—C2 

July 63 PC88 D1—D2 

July 63 C1—C2 

Dec 65 PC900 D1—D2 

Dec 65 C1—05 

Dec 65 PCC85 D1 

October 1967 Supp. 1/4) 

Issue No. Type Poges 
or Date No. 

Receiving and Amplifying Valves 
(Current Types)—contd. 

Mar 61 PCC89 D1—D2 
Sept 60 D3—D4 
Feb 59 C1—C2 

July 64 C3—C4 

Sept 62 PCC189 D1—D2 
Sept 62 C1—C3 

3 PCF80 11 
June 63 PCF86 D1—D2 

Jan 62 C1—C2 
Nov 60 C3—C4 
June 63 C5—C6 

Nov 60 C7 

Mar 64 PCF801 D1—D3 

Mar 64 C1—C2 

July 64 C3—C4 
Mar 64 C5—C12 
Oct 63 PCF802 D1—D3 
Oct 63 C1—C6 
Mar 63 PCF806 D1—D2 
June 62 C1—C7 

Dec 65 PCH2O0 D1—D3 
bec 65 C1—C4 

Apr 60 PCL82 D1—D4 

July 60 C1—C14 
July 59 PCL84 D1—D3 
July 59 C1—C8 
June 62 C9 
May 65 PCL85 D1—D4 
May 65 C1—C4 

Oct 61 C5—C10 

Oct 63 PCL86 D1—D3 

Oct 63 C1—C6 

Apr 67 PD500 D1—D2 

Apr• 67 C1 
Feb 66 PFL200 D1—D2 
Feb 66 C1—C13 
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Mullard Technical F-landbook 

GENERAL INDEX TO VOLUME ONE 

Issue No. Type Page 
or Date No. 

Receiving and Amplifying Valves 
(Current Types)—contd. 

Issue No. Type Pages 
or Date No. 
Receiving and Amplifying Valves 
(Current Types)—contd. 

Sept 61 PL36 D1—D2 July 60 UCH81 D1—D3 

Apr 61 C1—C2 July 60 C1—C15 

Sept 59 C3—C4 1 UCL82 13 

Apr 61 C5—C6 Nov 59 UF89 D1—D2 

June 62 C7 Nov 59 C1—C6 
Mar 61 UL84 D1—D3 

Dec 65 PL81A D1—D3 Mar 61 C1—C11 
Dec 65 „ C1—C6 Feb 60 UY85 D1—D2 

/'~ 2 PL83 5 Feb 60 C1—C2 
May 59 PL84 D1—D2 Jan 63 6AS6 D1—D2 
Mar 60 C1—C6 Aug 59 C1—CB 
Dec 65 PL500 D1 p3 

Dec 65 C1—C7 PART II 

Dec 65 PL504 D1—D3 Special Auality Receiving Valves 
Dec 65 „ C1—C7 Nov 58 General Notes 3 
Mar 66 PL505 D1—D2 Apr 65 E55L D1—D2 
Mar 66 C1—C2 Sept 62 D3 
Aug 67 PL508 D1—D2 May 62 „ C1—C10 
Apr 66 C1—C3 Oct 61 E80CF D1—D4 
Mar 67 PL509 D1—D2 Oct 61 „ C1—C6 

Mar 67 „ C1—C4 July 64 E88C D1—D2 

May 67 PL802 D1—D3 Nov 64 C1 

May 67 C1—C3 Feb 63 E88CC D1—D2 

June 59 PY81 D1—D2 May 66 D3—D4 

June 59 „ C1 Feb 64 C1—C6 

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 „ C1 Aug 64 C1—C8 

May 65 PY800 D1 July 67 E810F D1—D4 
May 65 „ C1 Mar 66 D5 

Feb 60 UABC80 D1—D3 Feb 64 C1—C2 

Feb 60 C1—C7 Jan 63 „ C3—C4 

1 UBF89 9 Feb 64 C5—C6 

~1 Dec 65 UCC85 D1—D3 Jan 63 C7—C8 

Dec 65 C1—C8 Mar 66 C9—C11 
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Mullard Technical Handbook 

GENERAL INDEX TO VOLUME ONE 

Issue No. Type 
or Date No. 

Pages 

Special Quality Receiving Valves 
—contd. 

July 65 EC1000 D1—D3 

July 65 C1—C2 

Apr 66 ECC2000 D1—D4 

Apr 66 C1—05 

June 60 M8079 D1—D6 

June 60 C1 

Apr 60 M8083 D1—D6 

Nov 58 C1—C12 

June 60 M8096 D1—D6 

Oct 59 C1—C2 

Jan 63 M8100 D1—D2 

June 60 D3—D6 

Mar 59 C1—C6 

June 60 M8136 D1—D6 
Sept 59 C1—C6 

Apr 64 C7—C8 

June 60 M8137 D1—D6 

Nov 59 C1—C2 

July 62 M8161 D1—D2 

Sept 60 D3—D6 
Sept 59 C1—C2 
Mar 59 C3—C10 

June 63 M8162 D1—D2 

June 60 D3—D6 
July 61 C1—C6 
tan 63 M8196 D1—D2 

Aug 60 D3—D6 

Apr 59 C1—C6 

Apr 61 5840 D1—D6 
Oct 58 C1—C2 

Mar 61 6021 D1—D6 
Apr 59 C1—C2 

October 1967 (Supp. 1/4) 

Issue No. Type Pages 
or Date No. 

Television Picture Tubes (Current 
Types) 

Data sheets for cathode ray tubes for 
other applications are in Volume 3. 
Sept b7 Tube Type 

Nomenclature 2 
3 General Operational 

Recommendations 11 
Sept 67 Screen Type `W' 1 
Sept 67 A28-14W D1—D10 
Sept 67 C1—C4 
Feb 66 A47-11 W D1—D10 
Feb 66 C1—C4 
Jan 66 A47-14W D1—D9 
Jan 66 C1—C4 
Sept 67 A47~26W D1—D8 
May 67 C1—C4 
Apr 67 A49-11X D1—D11 
Apr 67 C1—C3 
Feb 66 A59-11 W D1—D10 
Feb 66 C1—C4 
tan 66 A59-15W D1—D9 
Jan 66 C1—C4 
May 67 A59-23W D1—D8 
May 67 C1—C4 

Apr 67 A63-11X D1—D8 
Jan 67 D9—D12 
Sept 67 D13—D21 
tan 67 C1—C3 

Feb 66 A65-11 W D1—D10 
Feb 66 C1—C4 

Miscellaneous Valves 
Apr 60 ME1400 D1—D2 
Apr 60 C1—05 

3 ME1401 4 
Aug 66 ME1402 D1—D2 

4 3-5 

Oct 58 ME1403 D1—D2 
Oct 58 C1—C6 
May 59 ME1404 D1—D2 
May 59 C1—C2 
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Mullard Technical Handbook 

GENERAL INDEX TO VOLUME ONE 

Issue No. Type Pages 
or Date No. 

Special 6luality Receiving Valves 
—contd. 

Jan 63 M8196 
Aug 60 
Apr 59 

June 60 M8212 

May 66 

Apr 61 5840 
Oct 58 

Mar 61 6021 
Apr 59 

D1—D2 
D3—D6 
C1—C6 

D1—D6 
C1 

D1—D6 
C1—C2 

D1—D6 
C1—C2 

Television Picture Tubes (Current 
Types) 

Data sheets for cathode ray tubes for 
other applications are in Volume 3. 

July 62 Tube Type 
Nomenclature 

3 General Operational 
Recommendations 

1 Screen Type 'W° 

JUNE 1966 

2 

Issue No. Type Pages 
or Date No. 

Television Picture Tubes (Current 
Types)—contd. 

Feb 66 A47-11 W D1—D10 
Feb 66 C1—C4 
Jan 66 A47-14W D1—D9 
Jan 66 C1—C4 

Feb 66 A59-11 W D1—D10 
Feb 66 C1—C4 
Jan 66 A59-15W D1—D9 
Jan 66 C~—C4 

* A63-11 X 
Feb 66 A65-11 W D1—D10 
Feb 66 .. C1—C4 

Miscellaneous Valves 
Apr 60 ME1400 D1—D2 
Apr 60 C1—05 

3 ME1401 4 
4 ME1402 5 

Oct 58 ME1403 D1—D2 
Oct 58 C1—C6 

May 59 ME1404 D1—D2 
May 59 C1—C2 
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RECEIVING 

VALVES 

GENERAL OPERATIONAL 

RECOMMENDATIONS 

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

1. 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:-

1.1 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. 

1.2 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. 

1.3 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. 
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GENERAL OPERATIONAL RECEIVING 
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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. 

2. 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. 

2.1 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 ±10°0. (The normal ratio of power variation to voltage 
variation of approximately 2 : 1 is assumed. If the ratio is greater than 
2 : 1 in a 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 10°,. 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. 

2.2 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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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 orhigh-slope valve is operated within 20% of its maximum 
dissipation rating, a ±10% tolerance cathode-bias resistor should be used. 
If a cathode-bias resistor cannot be used, then with a pentode or other 
multigrid valve ascreen-grid dropping resistor having a ±10% 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. 

2.3 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. 

2.4 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. 

2.5 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. 

2.6 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 III). 
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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, 67G and 69A based valves can be used at 
pressures down to approximately SOmm 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). 

2.7 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. 

3. HEATER AND FILAMENT RATINGS 

3.1 Indirectly heated valves 

3.1.1 Parallel operation (mains supply) 

The heater voltage of individual valves must be within ±7°-~ 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 ±5°~~. 
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 
±4°;, of the rated value. 

3.1.2 Series operation (mains supply) 

The heater current of series connected valves should be within +3.5°-~ 
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 ±2.5°~,. 
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 ±2°jo 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 ±3.5°,o to ±5°:0. 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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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. 

3.1.3 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 ±7% heater 
voltage tolerance is allowed for some valve types. Details of the permis-
sible relaxation are given on the appropriate data sheets. 

3.1.4 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°~o 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. 

3.1.5 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 aseries-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 parallel 
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 the series 
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 aseries-parallel heater arrangement the supply voltage variation 
should be kept to a minimum, preferably less than ±2%. 
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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.OV. 
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 1.1 V. 

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 I.t. batteries, the question cf battery replacement must 
be considered. If the bias for the output valve is not made independent of 
the I.t. battery, large variations can occur in the cathode current of the 
output stage when the h.t. and I.t. batteries are renewed at different 
times. 

For this reason the following circuit is prcferred: 

DAF DK DF 

Mullartl 

DL 
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3.2.2.2 Mains operation 

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 ±2°,~ of these values. The voltage d rop across the series re-
sistorshould 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 ±10"x,. 

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. 

4. CAPACITANCES 

Unless otherwise stated, the capacitances quoted are measured at 1Mc,ls 
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 II (p. 15). 

5. VALVE ELECTRODES 

5.1 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. 

5.2 Cathode 

5.2.1 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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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. 

5.2.2 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 20kS2 is therefore recom-
mended for the external resistance between cathode and heater. The 
maximum may however be increased up to 1MS2 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. 

5.2.3 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, Rt due to 
the transformer. 

Rt = Rs+n~R„ 

Where: 

Rs =Resistance of the transformer secondary in anode circuit. 

Rp =Resistance of the transformer primary. 

n =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. 

5.3 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 R,~1._ k 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 III). 
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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 10MS2) but not greater than 22MS2. 
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 (ga,> SmAjV) 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 manufacturer should besought. 

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. 

5.4 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 ascreen-grid resistor becomes necessary. This resistor normally need 
not drop more than 20°~0 of the h.t. line voltage. If this resistor is un-
bypassed, it need only drop about 10°0 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. 
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5.5 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 R~3 _ ~; should not 
exceed 501<S>- unless otherwise stated. 

5.6 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. 

6. MECHANICAL CONSIDERATIONS 

6.1 Mounting position 

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

6.2 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. 
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6.3 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. 

6.4 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. 

7. 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. 

7.1 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. 

7.2 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 "free air" 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 ofantivibration 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„_~; does 
not give any information about the resulting hum level, but isthe 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 theaudio 
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 1 —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. (Vs2 max. etc.) 

Vaini max. (Vg2ivi max. etc.) 

ialnk) max. (Rectifiers) 

i,,i,~,•g~i max. (Rectifiers) 

Vgi (Igl = +0.3µA) 

$m 

µ 

r~ 

The maximum positive voltage which can be applied 
to the electrode 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 0.3µA. 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-
cationwhere 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. 

~8 a 
(V3 constant) $m 

SVK

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. 

SV„ 
lA = 

8V 
(I;, constant) 

s 

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. 

ra = 
~a 

(Vgl constant) 

gm, µ and ra are related by the expression: 
fl = gm.r~ 
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g~ i~~~f, 

8~ 

ugi-g2 

r~i 

Ren 

Noise factor 

K 

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 g,,, is no longer useful for making 
calculations, so the effective mutual conductance is 
given. This is defined as: 

Fundamental frequency component 
of anode current 

Smletei — Fundamental frequency component 
of grid voltage 

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 

g` Signal frequency component of grid 
input voltage 

The "inner-mu" is the amplification factor from 
control grid to screen grid. 

W~2
u~~_~~2 = 

8V 
ii (I k 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: 

r,~ (at fi) = r~r (at f2) x 
~f 

~~z 

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 g,,, or la 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 1°gyp, plotted against 
gm or gc• 

mb Modulation hum. Curves of hum input voltage 
plotted against gm 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 1°0. 

APPENDIX II —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 
C~~i Cgl-R(a) 

cool ca-R(gl) 

ca'-g ca -g'(Ru) 

cg-k~l1i cgl-R(atu) 

Capacitance measured between the input elec-
trode (gl) and all other electrodes except the 
output electrode (a). 
Capacitance measured between the output elec-
trode (a) and all other electrodes except the 
input electrode (gl ). 
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. 
Capacitance between triode grid and cathode + 
heater (in a triode pentode). Triode anode and 
pentode section earthed. 
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APPENDIX 111 —RATING CHARTS 

Bulb Temperature Rating Chart 
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20 100 200 300 •C 
Bulb emperature at max mum dissipation 

(at 20 C ambient in free air of 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. 

MARCH 1960 (1) 

~1 
M`~ullaJJrd

V 
Page ili 



RECEIVING 

VALVES 

GENERAL OPERATIONAL 

RECOMMENDATIONS 

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 

100 

80 

40 

20 

8043 

O 20 a0 BO 80 I00 120 I40 I80 180 200 
~mox (•N) 

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 Valb) max. or Vga1n) max. is given which is less than 
twice the Va max. or Vg2 max. for the valve, the supply voltage must not exceed 
this value. 
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GENERAL OPERATIONAL 

RECOMMENDATIONS 

RECEIVING 

VALVES 

Maximum Vatue of Grid-to-Cathode Resistor 

E 

I0 

9m =IOOmA/V 30mA/V iOmA/v 

3m 

i mA/V 

—L 

J 

m4~V 

0 ioc l000 l0000 akett (n 

Flg. 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: 

Rk(eFP) =  Rk+
Ra

and for a tetrode or pentode by: 
Ik Igz Rga 

la ~gl-g2 

From these two values, the value of Rgl- k 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: 

l a = 8mA ugl_g2 = 47 Rk = 200SZ 
1~2 = 2mA gm = SmA~V Rga = 47kS2 

The value of Rel—k max. (fixed bias) is 1.OMS2. The effective cathode resistor is 
therefore 

18 
x 0.2+ $ • 4~ = 0.5kS2. 

R~1 max. 
From the chart a value of 

R,1 max. (fixed bias) 
of 3.5 is obtained for these two 

values. The maximum value which can be used in this case is therefore 3.5MS2. 
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SUBMINIATURE DIODE 
A.F. PENTODE 

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

DAF70 

FILAMENT 

Vr
Ir

1.25 V 
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. 

,r. 

CAPACITANCES (measured with external shield) 

CHARACTERISTICS 

~~~ 

OPERATING CONDITIONS 

Vn 

~ ~ R;~ 
R~z
R~ 

V~~~t 
Vln 

AS R.C. COUPLED A.F. 

* Grid resistor of following valve. 

ISSUE 3 

F 

0.15 pF 
2.0 p F 
4.3 pF 
0.1 pF 

67.5 V 
67.5 V 
1.0 mA 

250 µA 
0 V 

440 µATV 
400 kS2 
16 

AMPLIFI ER 

67.5 V 
1.0 MSZ 
4.7 MS2 
3.3 MS2 

73 
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DAF70 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 V 

V€z 67.5 90 V 

Vs> -1.8 -2.6 V 

lal°~ 400 600 µA 

162io1 85 135 µA 

Ra 150 150 kS2 

Pout 10.5 20 mVV 

tot 10 10 

LIMITING VALUES 

Va max. 90 V 

VgQ max. 90 V 

I k max. 1.3 mA 

lad max. 250 µA 

92-
ad-

0 

f-,93 f~ 

f-.93 f+ 

91 0 o 
ad 

O O 

i NC O O NC 

92 

BBD/F Base 

ISSUE 3 
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SUBMINIATURE DIODE 
A.F. PENTODE 

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

DAF70 

2882 DAF70 

y 
n 

7y

800 

600 

400 

200 

O 

V91~V~ -6 -4 _2 O 

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE 

ISSUE 3 DAF70 656-3 



DAF70 SUBMINIATURE DIODE 
A.F. PENTODE 

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

m ■■■■■■■■■■ " I■■ o It■■ 
N 

■■■■■■■■■■ ~ ~■■ i 1■■ 

'o
<V 
1■I~i 
1■I~1 

N 
0 
M/ 

I 

■ 
I■

H ~ 0 0 0 0 0 
O m ~O Q N 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 

ISSUE 3 DAF70 656-4 



SUBMINIATURE DIODE 
A.F. PENTODE 

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

DA~70 

~a 2881 ~Mn)  

a 

3 

2 

0 

DAF70 

I I I
Vag V92a 67 SV 

c 

9m 
Ia

v91 v) -s -a _2 0 

eoo 

600 

9m Ww

aoo 

300 

400200 

20o roo 

0 0

ELECTRODE CURRENTS, MUTUAL CONDUCTANCE AND ANODE 
IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE 
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DAF70 SUBMINIATURE DIODE 
A.F. PENTODE 

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

800 

600 

400 

200 

O 

DAF70 2880 

Diode action 

O 2 4 6 Vod ~V~ 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 
(DIODE SECTION) 
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SPECIAL QUALITY 
SUBMINIATURE VOLTAGE INDICATOR 

D M 160 

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 DESIGN3

Nominal Initial End of 
value range life 

V 50 V 
a 

R 100 kSt 
g 

*Vg(b) (max. light output) 0 V 

*Vg(b) (zero light output) -3 -3 -3 V 

Ia at Vg(b) =0V 585 430 to 740 >250 µAE--

**Ia at Vg~ ) =-3V <5.0 <5.0 µA 

Insulation resistance between 
any two electrodes at 50V > 100 MS2 

*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. 
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4 
RATINGS (ABSOLUTE MAXIMUM SYSTEM) 

Val) max. 

V max. 
a 

I max. 
a 

Vg(b) max. (Rg=100kS2 t 10°/0) 

Vg~) max. (Rg =1MStt 10%) 

-V max. 
g 

R max. 
g 

R min. 
g 

Filament voltage 

The average filament voltage should be 1.OV. Variat.ons exceeding +0 
or -10% will shorten the life of the valve. 

SHOCK RESISTANCE
I5

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. 
of 30° . 

F 

100 V 

65 V 

850 µA 

0 V 

6.0 V 

50 V 

1.1 MSt 

90 kSt 

F 

LIFE E—

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.) 
1.0 V 

V 50 V 
a 

*Vg~ ) 0 V 

Rg 100 kSl 

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

DIMENSIONS AND CONNECTIONS 

~esoo3l 

5¢ctor of 
light output 

Tinn¢d 

28 
t t max 

6.8 i
38 
min 

1
All dim¢nsions in mm 04dia 

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 160 

APPLICATION NOTES f -

The visibility of the phosphorescent light produced by the anode when the indicator 
is conducting depends upon the grid voltage and the illumination level of the sur-
roundings. With Vg = -3V for zero light output the visibility is best when ~Vg =3V, 
but an unambiguous indication is still obtained at ~Vg =1.4V under nominal 
conditions and a low Level of ambient light. With still smaller values of drive 
voltage apre-amplifier is required. These points being taken into account, one 
can usetheDM160 for reading out digital information from logic circuits. Figs.l 
and 2 show typical arrangements for negative and positive logic, respectively. 

From 
bistabl¢ 

89004 

R9

100 kfl 

DM160 • + 

50V 

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

DM160 •+ 

From 
bistabl¢ 

89005 

R9

1Mf1 
50V 

12V 

7V 

1 

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 OV and +0.4V. Rg protects the valve against excessive 
anode currents and positive grid currents in case the grid voltage exceeds 

the cathode potential. 

When the minimum DVg lies below 3V the spread in the 'High' level of the bistable 

/'~ will give rise to an extra 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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From 
bistabl¢ 

89006 

R9

Fig.3 As Fig.2: 'High' voltage between +2V and +7V, and 'Low' level between 
OV and +0.5V; grid vcltage clamped. 

800 
~I -  r 

I a --  Vf =1Vr.ms. Volta 9¢s m¢asur¢d with r¢sp¢ct to 
(NA) —, Va =50V midtap of filam¢nt transform¢r 

89007 

600 

400 

200 

 DM160 
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ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE 

SEPTEMBER 1968 

v9(v 

DM160 Page 4 



SPECIAL QUALITY 
SUBMINIATURE VOLTAGE INDICATOR 

Io
(NA) 

600 

400 

200 

O 
5 

Io

(NA) 

600 

D M 160 

I _ ~ ~ ~ _ } DM160 egooa 
1 L Z i 

Vf_1Vdc Voltag¢s m¢asur¢d with r¢sp¢ct to 
n¢gativ¢ sld¢ of filam¢nt - 

~ ■■Ns~lllil~l 1 
~NN~~~~~~N~~~~~■~NN~; 

O 
Rg=0.1MS1 N~N~ J~ . 

 Rg=1Mf) ~~~~ I ~'OJ 
 Rg =0.1MII and 1MR N~~~,I~ 

i 
~''~ 

~11~~ ~ ■NNNIIIININII ~~ i 
~N~NN~\~~~~~~~N~~ ~—~~L~~NN ~O. 

~~~ 
::111 

:•—::~1~~~$~I~NN 
IN.NwwNwwwwliiii ~i~y~~ii" 

11l~INI~Nii 
w ~~~ 

■11■11111~!:iMCZ~1~Q■ 
NwNNNw-:www~u~ww~li: 
~~N~N~i~~R'S."1~~~~IC'~~ 

SN~~~~/r~Si~A~9~i~~~~~r~dQ.~ 
_~ w:r~y."5~~3~rYA~~~rt 

2 v 
---- 

rte— i~~ 
15 25 35 45 Vo V) 55 

  Ji--~-, 
DM160 ■ ~..IliNll:'~i 

 Vf=lVrms Voltag¢s m¢asur¢d with r¢sp¢ct to 
midtap of filam¢nt transform¢r 

400 

200 

~~N 

~~ 

7 
R9 = 0.1 Mfl 

 Rg=1Mf1 
 Rg =O-1M11 and 1Mf1 

15 25 35 

~~ 

45 

89009 

O 

~J 

Va(V) 55 

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. 

[C )1 

Mullard 
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SUBMINIATURE 
VOLTAGE INDICATOR DM160 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH GRID 
VOLTAGE AS PARAMETER. D.C. APPLIED TO FILAMENT 
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DM 160 SUBMINIATURE 
VOLTAGE INDICATOR 
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HALF-WAVE RECTIFIER DY51 

High voltage half -wave rectifier with wired-in connections. Suitable for 

application in portable t.v. receivers. 

HEATER 

Vh 1.4 

Ih 550 

Heater voltage tolerances Iout `-200µA t15* 

lout >200µA t7* 

V 

mA 

E—

*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 t10% 

are permissible. 

MOUNTING POSITION Any 

NOTE -Direct soldered connections to the leads of this valve must be at least lOmm 

from the seal and care should be taken not to bend the leads near the seal. 

CAPACITANCE 

ca-k 0.8 pF 

LIMITING VALUES 

P.I.V. max. 15 kV 

la (out) max. 350 µA 

*la(Pk) max 40 mA E—

C max. 2000 pF 

*Maximum pulse duration 10% of one cycle with a maximum of 10µs ~ 
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147 78 

a 

X 14.5 
max 

0~~ 

 o.~ 

fi
x 
0 

All dimensions in mm k,h h 
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HALF-WAVE RECTIFIER DY51 

~a
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 
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HALF-WAVE RECTIFIERS DY86 
DY87 

High voltage half -wane 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 

Ea

Heater voltage tolerances Iout~ 200µA 

Iout ~ 200 µ A 

1.4 

550 

t 15* 

t 7* 

V 

mA 

* 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 t 10 %are permissible. 

CAPACITANCES 

ca-(h+k+s) 

DESIGN CENTRE RATINGS 

1.55 pF 

Pulsed input 

* P.LV. max. 22 kV 

$ is (pk) max. 40 mA 

Iout max. 500 µA 

Cmax. 2000 pF 

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

$ Maximum duration 10 % of a line scanning cycle with a maximum of 10 µs. 

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. 
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I5891I 

a 

i° r 
Top Cap ~ p 
Type CTI~o p ~ ~ 

~ 222 
max im

9.15 f0.3 

h,ks h B9A Base 

All dimensions in mm 

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

x 
0 

r 

x 
0 
E 
r 

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

not be earthed. 
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HALF-WAbE REC s IFIER DY80~ 

~a
(m A) 
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40 
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DY802 85019 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 
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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 

Ih 550 mA 

Heater voltage tolerances Iout C200µA f15 % 

Iout 200µA t7 % 

CAPACITANCES 

ca-(h+k+s) 
1.1 pF 

RATINGS (DESIGN CENTRE SYSTEM) 

Pulsed input 

*P.I.V, max. 25 kV 

ia(pk) 
max. 50 mA 

Iout 
max. 500 µA 

C max. 2000 pF 

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

WARNING 

X-ray shielding is advisable to give protection against possible danger arising 

from prolongedexposure 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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Top Cap ~ 
Type CTh a O 

a 
9.15 f03 

h,ks 
h 

h,ks 

NC /O 3n O s O  NC 

h ~O~ sO h 

h,k,s h,k,s 

B9A Base 

All dimensions 

Pins 1, 4, E and 9 may be used for fix 

in mm 

ing an anti-corona shield. 

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

rot be earthed. 
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U.H.F. DIODE 

Disc seal diode primarily intended for use 
as a measurements diode at frequencies up 
to 1000Mc/s. 

EA52 

HEATER 

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

Vh

Ih

The absolute maximum variation of heater voltage is _r,0.7V 

CAPACITANCE 

CHARACTERISTICS 

INSULATION 

6.3 V 

300 mA 

<0.5 pF 

Insulation between anode and cathode X10" T112 

LIMITING VALUES (absolute ratings) 

*P.LV, max. (f < 100McJs) 9.0 kV 

Ik max. 300 ~A 

ikink3 max, 5.0 mA 

Vh k max. 50 V 

Rh _k max. 20 kit 

*At frequencies greater than 100 Mc/s, the maximum 

P.I.V. is 10~ V, where f is the frequency in Mc/s. 
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EA52 U.H.F. DIODE 

2922 All dimensions in mm 

IS±O•I y , 

13* maxim. 

12 max, 
I.25 
~~ 

c_
E 
N 

h 

Cadmium plated leads 
O.4 mm dia 

* Max diameter of the glass seal 

f~7ote. 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. 

MAY 1959 (7 ) 
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U.H.F. DIODE EA52 
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TRIPLE DIODE TRIODE 

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

EABC80 

HEATER 
Vh
~h 

CAPACITANCES 

6.3 V 
0.45 A 

F 

Cat—a'd <0.12 pF 
cat_k'a <0.01 pF 
Cat—a "d <0.1 pF 
CB—a d <0.07 pF 
Cg_g"d <0.005 pF 
Cg_a "d <0.02 pF 

Triode Section 
Cin 1.9 pF 
Cout 1.4 pF 
Cat_g 2.0 pF 
Cg_h <0.04 pF 

Diode Sections 

Ca'd—(h} kt, k'd, k"' d,6 ~ 0.8 pF 
Ca ~d—(h}k ~d.~kt, k'd,k"'d s~ 4.8 pF 
Ca"'d—(h-~ kt, k'd, k"'d, B ( 4.8 pF 
Ck ~d—all 4.9 pF 
Ca d —h <0.25 pF 
Ca "d —h <0.2 pF 
Ck ~d—h 2.5 pF 

CHARACTERISTICS F 

Triode Section 
Va 100 250 V 
Vg —1.0 —3.0 V 
la 0.8 1.0 mA 
ga, 
(a 

1.45 
70 

1.4 mA/V 
70 

ra 48 50 k S2 

Diode Sections 
ra'd (Va'd=+10V) 5.0 k S2 F—
ra'a (Va'd=-I SV) 200 S2 
ra"'d (Va'"d=-{ 5V) 200 S2 
ra'd/ra"'a 0.65 to 1.5 

  Mullard~  
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TRIPLE DIODE TRIODE EABC80 Triple diode triode, one diode having a separate 
cathode. Primarily designed for use in F.M.IA.M. 

receivers. 

OPERATING CONDITIONS 
AMPLIFIER* (with grid current 

Vh Ra la 

(V) (k S2) (mA) 

AS 
biasing) 

Vout 

RESISTANCE COUPLED 

Dtoc /o 
fOr Vont~r.m.s.> 

=3V =5V 8V 

A.F. 
E-

Rg1' 
(k S2) Vin

170 47 1.25 32 0.6 1.1 2.0 150 
170 100 0.82 42 0.5 0.8 1.3 330 
170 220 0.46 51 0.4 0.5 1.1 680 

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 10MS2. 

tRg =grid resistor of following value. 

LIMITING VALUES 

Triode Section 

Vaib~ max. 550 V 
Va max. 300 V 
pa max. 1.0 W 
Ik max. 5.0 mA 
Vg max. (16==0.3uA) -1.3 V 

*R6_ k max. 3.0 M S2 
Rh_ k max. 20 k S2 
Vh_k max. 150 V 

*With grid current biasing Rg_ k max.=22MS2. 

Diode Sections F 
P.LV.~~'a~ max. 350 V 
P.LV.~a' d ~ max. 350 V 
P.LV.ia"'~~ max. 350 V 
la' d max. 1.0 mA 
la' d max. 10 mA 
la"'d max. 10 mA 
is d~pk~ max. 6.0 mA 
i a' d ~pk ~ max. 75 mA 
~a"'d~pk~ max. 75 mA 
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TRIPLE DIODE TRIODE 

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

EABC80 

MICROPHONY 

This valve can be used withoutspecial 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 SOOc/s and higher 
frequencies. 
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TRIPLE DIODE TRIODE EABC80 Triple diode triode, one diode having a separate 
cathode. Primarily designed for use in F.M.IA.M. 

receivers. 
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TRIPLE DIODE TRIODE 

Triple diode triode, one diode having a separate 
cathode. Primarily designed for use in F.M.IA.M. 
receivers. 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE FOR DIODE 
SECTION a'a 
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EABC80 TRIPLE DIODE TRIODE 

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

receivers. 
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TRIPLE DIODE TRIODE 

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

EABC80 
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EABC80 TRIPLE DIODE TRIODE 

Triple diode triode, one diode having a separote 
cathode. Primarily designed for use in f.M.IA.M. 

receivers. 
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TRIPLE DIODE TRIODE 

Triple diode triode, one diode having a separate 
cathode. Primarily designed for use in F.M.IA.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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DOUBLE DIODE TRIODE 
High gain triode for use as a. f. voltage 
amplifier combined with twin diodes. 

EBC81 

HEATER 
Vh 6.3 V 
I h 230 mA 

MOUNTING POSITION Any 

CAPACITANCES 
ca.d _ g
ca'd_g 

ca'd-a 
ca'd_a 

<0.007 
<0.007 
<0.005 
<0.01 

pF 
pF 
pF 
pF 

Triode section 
cg_ x 2.3 pF 
ca_x 2.3 pF 
ca_~ 1.2 pF 
cg_t, <0.05 pF 

Diode sections 
ca'd_x 0.9 pF 
ca'd_x 0.9 pF 

ca'd_n <0.25 pF 

CHARACTERISTICS 
Va 250 V 
Vg -3.0 V 
la 1.0 mA 
gm 1.2 mA/V 
la 70 
ra 58 kS2 

OPERATING CONDITIONS AS RESISTANCE COUPLED A.F. 
AMPLIFIER (with cathode bias) 

Vn 

(~) 
Ra 

(k~) 
la 

(mA) 
Rx 

(k~) 
Vout 

Vt~ 

Vout 
~Vr.m.s.~ Rgi# 

( tot s%) ( tot lo%) (k~) 
400 100 1.35 2.2 43.5 35.5 62.5 330 
350 100 1.18 2.2 43 30.5 54 330 
300 100 1.0 2.2 42.5 25.5 46 330 
250 100 0.85 2.2 42 21 38 330 
200 100 0.7 2.2 41 16 28.5 330 
150 100 0.5 2.2 40 12 19.5 330 
100 100 0.28 3.3 33.5 6.0 10.5 330 

400 220 0.76 3.9 48 40 74.5 680 
350 220 0.67 3.9 47.5 34.5 64 680 
300 220 0.56 3.9 47 27 54 680 
250 220 0.48 3.9 46.5 24.5 44.5 680 
200 220 0.4 3.9 46 19 34 680 
150 220 0.32 3.9 44 16.5 24 680 
100 220 0.18 5.6 38 8.0 13.5 680 
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EBC81 DOUBLE DIODE TRIODE 
High gain triode for use as a.f. voltage 

am¢lifer combined with twin diodes. 

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

Vb 
(~) 

Ra 
(k~) 

la 
(mA) 

Vout
vta 

Vout 
(Vr.m.s.) Rgtfi 

( tot 2.5%) ( tot=5°%) (k~) 
400 100 2.4 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 35.5 3.0 5.0 330 

400 220 1.3 62.5 34 55.5 680 
350 220 1.1 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 22MS2 and signal source impedance Z,=0S2. 
The distortion figures quoted hold good for values of Zs not exceeding 
200kS~. At this value of Z.~, the gain will be reduced by 10°0. 

j-Rr, -= Grid resistor of the following valve. 

LIMITING VALUES 
Triode section 

Vaib~ max. 550 V 
Va max. 300 V 
pa max. 500 mW 
I k max. 5.0 mA 
Rs_ k max. 3.0 MS2 
Rg_ k max. (grid current biasing) 22 Mil 
V~ max. (I~ _ +0.3uA) -1.3 V 
V h_ k max. 100 V 
Rh_ k max. 20 kit 

Diode sections (each section) 
P.I.V. max. 
laa max. 
iaa~pk~ max. 

350 V 
800 µA 

5.0 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. 
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DOUBLE DIODE TRIODE 

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

EBC81 
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EBC81 DOUBLE DIODE TRIODE 
High gain triode for use as a.f. voltage 

amplifier combined with twin diodes. 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH GRID 
VOLTAGE AS PARAMETER 
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DOUBLE DIODE TRIODE 

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 V 
Ili 300 mA 

CAPACITANCES 

ca•a-et 
ca"a-al 
ca•a_8
cQ•d _a

Pentode section 

Ca—el 
bout 

din 

Diode sections 

~a'd—k 
Cg"d—g 

~a'd—a"d 

CHARACTERlSTiCS 

Va 6.3 12.6 
Vg3 0 0 
Vg2 6.3 12.6 
Vgi t t 
la 0.12 0.45 
Ig2 40 140 
gm 0.45 1.0 
r a 0.65 1.0 

j-Obtained by grid current biasing with Rgl = 2.2M~>_. 

LIMITING VALUES 

Pentode section 

<0.8 mpF 
<1.0 mpF 

<150 mpF 
<25 mpF 

<2.5 mpF 
5.2 pF 
5.0 p F 

2.5 pF 
2.5 pF 

<250 mpF 

25 V 
0 V 

25 V 
t 
1.7 mA 

500 µA 
2.1 mAIV 
0.2 MS2 

Va max. 50 V 
Vg2 max. 50 V 
Ik max. 5.0 mA 
Rgl _k max. 5.0 MS2 
Vh _k max. 50 V 

~,, Diode sections (each section) 

lad max. 800 µA 
iad(Pk~ max. 5.0 mA 
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DOUBLE DIODE VARIABLE-0"IU 
R.F. PENTODE EBF83 

6213 EBF83 
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EBF83 DOUBLE DIODE VARIABLE-Pr7U 
R.F. PENTODE 
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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 onl y suitable for a.m. detection. 

EBF89 

HEATER 
Suitable for series or parallel operation a. c. or d.c. 
V❑

I1, 
6.3 V 

300 mA 

MOUNTING POSITION Any 

CAPACITANCES 

~a'd_Bi 

~a ~d—B1 

ca'd_a

Ca"d_a

Pentode section 

to—Bt 

co„1 
din 

~Bl—h 

Diode sections 

~a ~d_k 

~a"d—k 

~a~d—x ~d 

~a~d—h 

~a~~d—h 

CHARACTERISTICS 

Va 250 

~Ba 0 

VBa 80 

VB1 -1.0* 
la 9.0 

IBY 2.7 

$m 4.5 

ra 09 

IABl—B2 20 

<0.0008 pF 
<0.001 pF 
<0.15 pF 
<0.025 pF 

<0.0025 pF 
5.2 pF 
5.0 pF 
0.05 pF 

2.5 pF 
2.5 pF 

<0.25 pF 
<0.015 pF 
<0.003 pF 

250 V 

0 V 

100 V 

—2.0 V 
9.0 mA 

2.7 mA 
3.8 mAiV 
1.0 M1~ 

zu 

*At this voltage grid current may occur. If this is not acceptable the negative 
bias voltage should be increased to —2.OV. 
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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 

V, V,, 200 

V~., — 

RKz 47 

Rk — 

13 9.5 

I~z 2.8 

g,,, 5.0 

r;, 0.6 

R,.,, 2.5 

gm (V~1 — —20V) 115 

200 250 250 V 

0 0 0 V 

30 82 56 kSZ 

105 — 170 S2 

11 8.0 9.0 mA 

3.3 2.2 2.7 mA 

4.5 4.7 3.8 mA 'V 

0.6 0.8 1.0 MS2 

3.5 2.3 4.0 kS2 

120 180 200 µA;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.OV at 

V, — 250V. 

LIMITING VALUES 

Pentode section 

V,,,,, max. 550 V 

*V„ max. 300 V 

p;, max. 2.25 W 

V K,,n, max. 550 V 

*VK2 max. (I~~_,4.OmA) 300 V 

Vk2 max. (h>B.OmA) 125 V 

p,; , max. 450 mW 

Ik max. 16.5 mA 

Vg, max. (;g, — TG.3uA) —1.3 V 

RK~_ k max. 3.0 MS2 

R~i_k max. (grid current biasing) 22 MS2 

R~s_k max. 10 k4 

Rli_ k max. 20 kS2 

Vh k max. 100 V 
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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.I.V. max. 200 V 

lad max. 800 ,~A 

iad lPx l max. 5.0 mA 

Rb_k max. 20 kS2 

Vh_k max. 100 V 

*If the heater, anode and screen-grid voltages are obtained from an 

accumulator by means of a vibrator, Va max. = 250V, Vg2 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. 
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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. 
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WITH SCREEN-GRID VOLTAGE AS PARAMETER 
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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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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. 
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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. 

ECF80 

HEATER 

Vb
Ih

MOUNTING POSITION 

CAPACITANCES (measured without external shield) 

dap—at 

Cap_Bt 

ABP—at 

Cgp_gt 

Pentode section 
* 
~a—Bl 

~In 

bout 

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

Triode section 

Ca_g+ p 

Cg_g+ h 

ca_B

CHARACTERISTICS 

Pentode section 

Va

V6= 
V 61 

la

IBz 
Sm 
ra 
i~61-Bz 

Rtn (f=50Mc/s) 
Req

Triode section 
Va
la
VB

Sm 
p 
ra

ISSUE t 

6.3 V 
430 mA 

Any 

<0.06 pF 
<0.02 pF 
<0.16 pF 
<0.02 pF 

<0.025 pF 
5.5 pF 
3.8 pF 

1.8 pF 
2.5 pF 
1.5 pF 

250 V 
200 V 
—3.2 V 
7.0 mA 
1.8 mA 
5.5 mA/V 

900 kS2 
47 
11 kSZ 
1.5 kS2 

100 V 
14 mA 
—2.0 V 

5.0 mA/V 
20 
4.0 kS2 
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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. 

TYPICAL OPERATING CONDITIONS 

As a frequency changer 

V,=V~ 250 250 V 
Ref 68 47 kit 
Rel 100 100 kit 
Rk 0 820 ~ 
Is 5.6 5.7 mA 
I" 1.52 1.4 mA 
Voec~r.m.s.~ 4.0 3.$ V 

Iel S8 0 µA 
gc 1.95 2.1 mA/V 
r, 1.15 1.5 Mfg 

LIMITING VALUES 

Pentode section 

V,I n~ max. 550 V 
V, max. 250 V 
p, max. 1.7 W 
VB,~ DI max. 550 V 
Vg, max. (IkS10mA) 200 V 
Vg, max. (Ik>10mA) 175 V 
peg max. (p,51.2W) 750 mW 
pB3 max. (pa>1.2W) 500 mW 
Ik max. 14 mA 
Vel max. (181=-1-0.3µA) —1.3 V 
RB1_k max. (cathode bias) 1.0 Mil 
Rel_k max. (fixed bias) 500 kil 
Vn_x max. (cathode positive) 150 V 
V~_k max. (cathode negative) 100 V 

Triode section 

V,I~~ max. 550 V 
V, max. 250 V 
p, max 1.5 W 
Ik max. 14 mA 

*iglpkl max. 200 mA 
VB1 max. (Iel=+-0.3µA) —1.3 V 

—velioxl max. 350 V 
Vn_a max. (cathode positive) 150 V 
Vb_ti max. (cathode negative) 100 V 

*Max. pulse duration 200µs 

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. 
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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 
of frequencies up to 220Mc/s. 
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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 220McJs. 
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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. 
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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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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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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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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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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. 

(Mn) 

20 

I5 

Io 

OS 

O 

:, 
I92 
(mA) 

8 

6 

a 

2 

O 

ECF so 3o2e 

  v,.vp=2sov 
  R92 c 6BkR 
  Rk = OIl 

  R91= IOOkfl 

Ia  

9m (Ht 

ra  

9i 

I92

a 

7 

2 

O 

I 91 
~A) 

100 

300 

200 

100 

0 

O 2 ~ Vox IV m s) 

PERFORMANCE CURVES FOR USE AS FREQUENCY CHANGER WITH 
R k =0S2 

ISSUE 1 ECF80 960-10 



TRIODE HEPTODE ECH81 

Triode heptode primarily intended for use as a frequency changer. 

HEATER 

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

Vh 6.3 V 

Ih 300 mA 

CAPACITANCES 

c ah -at 

cah-gt 

c ah - (g 3+~) 

cgl-at 

cgl-gt 

c gl -(g3+Ert) 

Heptode section 

cin(g1) 

c in(g3) 

c out 
c
a-gl 

cgl g3 

cgl-h 

cg3-h 

Triode section 

cin 

cout 
ca

-g 
c 
g-h 

DECENBER 1965 

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 nipF 

<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 F 

Vb 250 250 V 

Va 160 248 V 

Vg3 0 0 V 

Rg2 + g4 
22 22 kSt 

*Vgl - -35 V 

Vg2 + g4 
96 245 V 

I 11 mA 
a 

Ig2 + g4 
7 mA 

Igl 0.5 µA 

gm 4500 45 uA/V 

r 0.24 >10 MSZ 
a 

µg2-gl 
25 

R 4.5 kS2 
eq 

Ra 8.2 8.2 kS2 

Iig2 + g4 
22 22 kSl 

*OperatingwithgridcurrentbiasasobtainedwithRgl-k = 1MS2 and with zero 

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

OPERATING CONDITIONS OF HEPTODE SECTION AS A.M. FREQUENCY 

CHANGER* 

Vb 250 250 V 

Va 225 240 V 

Rg2 + g4 
22 22 kS2 

Rg3 + gt 
4 i 47 kS2 

Vgl - -28 V 

Vg2 + g4 78 235 V 

Ia 3.3 mA 

Ig2 + g4 7.8 mA 

Ig3 + gt 200 200 µA 

**Igl 0.5 - µA 

gc 1100 11 µA/V 

Ra 8.2 8.2 1:52 

R 30 - k52 
eq 

*Triode operating witi~ Vb = 250 V, Ra = 33k52 and Vosc (r.m.s.) - SV. 

**Operating with grid current bias as obtained with Rgl k = 1MS2 and with 

a. g.c. volts resulting Vgl = -500mV. 
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TRIODE HEPTODE ECH81 

CHARACTERISTICS 

Triode section 

Va 100 V 

Ia 13.5 mA 

V 0 V 
g 

gm 3.7 mA/V 

µ 22 

r 6.0 Idl 
a 

Vg max. (Ig = +0.3µA) -1.3 V 

Heptode section 
F 

V 
a 160 V 

Vg3 0 V 

Vg2 + g4 100 V 

Igl 0.5 µA 

Vgl -0.5 V 

Ia it mA 

Ig2 + g4 7 mA 

gm 4.5 mA/V 

µ g2 - gl 25 

OPERATING CONDITIONS OF TRIODE SECTION AS R.F. OSCILLATOR 

Vb 250 

Rat 33 

R
~+g3 

47 

I~+g3 
200 

Iat 
4.5 

gm (eff) 650 

RATINGS (ABSOLUTE MAXIMUM SYSTEM) 

Triode section 

Va(b) 
max. 550 

Va max. 250 

pa max. 800 

Ik max. 6.5 

R max. 
g-k 

3.0 

Vh-k max. 100 

Rh-k max. 20 

DECEMBER 1965 

V 

1cSt 

kSE 

µA 

mA 

µA/V 

V 

V 

mW 

mA 

MS2 

V 

kS2 

Page D3 



Heptode section 

Va(b) 
max. 550 V 

Va max. 300 V 

pa max. 2.0 WE— 

Vg2+g4(b) max. 550 V 

Vg2+g4 max. 125 V 

Vg2+g4 max. (Ia <1mA) 300 V 

pg2+g4 max. 0.8 W<—

Ik max. 18 mA~ 

Rgl 
k 

max. 3.0 MS2 

*Rg3 
k 

max. 3.0 MS2 

Vh _k max. 100 V 

Rh 
k 

max. 20 kSZ 

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

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

receivers, then Rg3 k max. = 20kS2. 

°h °t 

g2,g4 
g3 
gl 

8 4464 

k,g5,s 

gt 
gl 

92,84

°h 

0 2 80 
O~ 9 0 

gt 

B9A Base 

3 

°t 

All dimensions in mm 
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TRIODE HEPTODE ECH81 

ECH 81 

I I I I I 

8715 

Va h .250V  

Rgt.g3 47kC1  

Igt,g3 =200NA  

Vbt =250V  
Rat 33kII  

~ V 

•.r 

Vgl(V) -40 

Vb =250V 
Rah = 8.2kII 
Rg2,g4 = 22k11 

-30 

i 

h0 

I _~ 

 0 
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.a 

I 

-20 
 ~' 

-10 0 

104
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10 

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WHEN 

USED AS A FREQUENCY CHANGER 
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ECH 81 84346 

f
Va F, =250V 
R9{.g3 47kA 
Igt.g3 =200NA 

Vbt =250V 
Rat 33 kfl 

Vg2.g4 =250V 
=200V~ 
=150V 
= IOOV 
= 50 V 

Vb =250V 

Rah = 8.2k11 
Rg2.g4 = 22kII 

Vg 1 (V -30 -20 -10 

gc 
(NA~V) 

103

102

10 
0 

CONVERSION CONDUCTANCE PLOTTED AGAINST CONTROL-GRID 

VOLTAGE WHEN USED AS A FREQUENCY CHANGER 
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TRIODE HEPTODE ECH81 
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TRIODE HEPTODE ECH81 
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TRIODE HEPTODE ECH81 
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TRIODE HEPTODE 
Triode heptode intended for use as a frequency changer 
or combined r. f. and a.f. ampliFer in equipment operating 
directly from a 6V, 12V or 24V battery, on or off charge. 

ECH83 

HEATER 

Vh

ih

CAPACITANCES 

cah-ai 

ctth gt. 

cah-~3I C!t 

cgl-at 

cgr ~~. 
cgl-g3,-gl 

Heptode section 

~~n(~l) 

cin(g31 

tout 

c„_~1

cgl r:; 

Triode section 

c;,, 
c~~~~ 
c;~_.~ 

OPERATING CONDITIONS OF HEPTODE SECTION 

6.3 V 

300 mA 

200 mpF 
,90 mpF 

<350 mpF 
G60 mpF 
_._170 mpF 

<450 mpF 

4.8 pF 
6.0 pF 
7.9 pF 

<12 mpF 
x,300 mpF 

2.6 pF 
2.1 pF 
1.0 pF 

AS R.F. AMPLIFIER 

Va = V,, 6.3 12.6 25 V 

V~z. Fa.~~ 6.3 12.6 25 V 

*V~i ~,,~ 0 0 0 V 

V~~ t t t 
R61 1.0 1.0 1.0 MS2 

la 0.11 0.4 1.25 mA 

I~z+K:;~,; , 
gm

80 
0.35 

250 
0.75 

850 µA 
1.5 mA~V 

ra 600 850 200 kS2 

Ran 8.5 6.5 5.0 kit 

V61 (for 100:1 reduction 
in g,,,) —2.0 —2.8 —4.4 V 

*V~t,r,i =Voltage at earthy end of grid leak. 
j-Obtained by grid current biasing. 

SEPTEMBER 1960 (1) Page D1 



ECH83 TRIODE HEPTOD~ 

Page D2 

Triode section 
Va = Vb 12.6 V 
Vg 0 V 
la 750 µA 
gm 1.4 mA/V 
Igt+ga 42 µA 
Rgt+ga 47 kS2 
Vgt+g3(r. m.s.) 1.7 V 

OPERATING CONDITIONS OF TRIODE SECTION 
AS A.F. AMPLIFIER 

Vb 12.6 V 
Ra 150 kS2 
Rg 10 MS2 
Rgl (of following valve) 10 MS2 
Vout/Vin 8.0 
V~„t 1.8 V 
Dmt 5.0 

gm 1.4 mA/V 
Igt+ga 42 µA 
Rgt+ga 47 kS2 
Vgt+g3(r. m.s.) 1.7 V 

LIMITING VALUES 
Heptode section 

Va max. 30 V 
Vg2+g4 max. 30 V 
I k max. 5.0 mA 
Rgl- k max. 3.0 MS2 
R~s_k max. 50 k52 

Triode section 
V, max. 30 V 
I k max. 3.0 mA 

L~ 

SEPTEMBER 1960 (1) 

LIMITING VALUES 
Heptode section 

Va max. 30 V 
Vg2+g4 max. 30 V 
I k max. 5.0 mA 
Rgl- k max. 3.0 MS2 
R~s_k max. 50 k52 

Triode section 
V, max. 30 V 
I k max. 3.0 mA 
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OPERATING CONDITIONS OF TRIODE SECTION 
AS A.F. AMPLIFIER 

Vb 12.6 V 
Ra 150 kS2 
Rg 10 MS2 
Rgl (of following valve) 10 MS2 
Vout/Vin 8.0 
V~„t 1.8 V 
Dmt 5.0 
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TRIODE HEPTODE ECH83 

oh of 

g2.g4 
g3 
gl 

k,g5,s h h 

6397 

g3 

at 

B9A Base 

All dimensions in mm 
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TRIODE HEPTODE ECH83 
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H¢ptod¢ section 

Vo =6.3V 

V92.93.94=63V

~sie 
()1 A ) 
9m 

(yA/V) 
Req
(kR) 

1000 

I00 

10 

I.O 

vyl(v) -3 -2 0 

ANODE AND SCREEN-GRID CURRENTS, MUTUAL CONDUCTANCE, 
ANODE IMPEDANCE AND EQUIVALENT NOISE RESISTANCE PLOTTED 

AGAINST CONTROL-GRID VOLTAGE FOR HEPTODE SECTION 

Va = Vg2+g3+g4 = 6.3V 
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ECH83 TRIODE HEPTODE 

ra
(MR) 
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10 

OI 

0.01 

ECHB3 ~szi 
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I I I
Heptode section 

Va a 12.6V 

V92.93.94 =12.6V 

I 
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9m 
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ANODE AND SCREEN-GRID CURRENTS, MUTUAL CONDUCTANCE, 
ANODE IMPEDANCE AND EQUIVALENT NOISE RESISTANCE PLOTTED 

AGAINST CONTROL-GRID VOLTAGE FOR HEPTODE SECTION 
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TRIODE HEPTODE ECH83 
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ECH83 TRIODE HEPTODE 

ECH83 7519 

V9 (V) —20 

1 1 1 1 1
Triode section 

—1~5 —I.O - O.5 O 

I❑

(mA) 

3~5 

3~0 
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20 
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I.O 

O.5 

O 

ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE WITH ANODE 
VOLTAGE AS PARAMETER. TRIODE SECTION 
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TRIODE HEPTODE 
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ECH83 TRIODE HEPTODE 

200 

150 

100 

50 

0 

I93.9t 
(1~ 

80 

60 

40 

20 

O 

ECH93 
~s:~ 

Va-V92+94"12 6V 

Ryl = IMR 

R93+9t' 47kf) 

1 ~~

t~ 

I93.9t — 

I92.9a — 

ra

Ip 

I92,yq

(}i A) 

400 

300 

200 

100 

O 

ra

(MCl) 

8 

6 

a 

2 

O 

O 2 Voss rm5.)(V)

PERFORMANCE CURVES FOR USE AS A FREQUENCY CHANGER 
V;~ = V6z+6~ = 12.6V 

SEPTEMBER 7960 (1) Pate C6 



TRIODE F-IEPTODE 
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TRIODE HEPTODE 
Triode heptode intended for use as o noise cancelled 
synchronising pulse separator and time base oscillator. 

ECH84 

HEATER 

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

~, 

CAPACITANCES 

fah-al 

~al~-gL 

ctii-ai 
cgi g~ 

X63-at 

Heptode section 

ca-sl 
Triode section 

c,.. 
~a-g 

6.3 V 

300 mA 

X250 mpF 
X90 mpF 
X80 mpF 

X100 mpF 
<130 mpF 

X9.0 mpF 

3.0 pF 
1.1 pF 

CHARACTERISTICS 

Heptode section 
Va 135 V 

Ve3 0 V 

Vas,ba 14 V 

VKi 0 V 

la 1.7 mA 

Igz, 6.1 900 µA 
gt1 2.2 mA/V 

V~:~ (1a=20µA) -2.0 V 

V;;1 (1a=20µA) -1.9 V 

-V~3 max. (hl = 10.3µA) 1.3 V 
-V~1 max. (1~3 = 10.3µA) 1.3 V 

Triode section 

V;, 50 V 
V,. 0 V 
la 3.0 mA 

$m 

µ 

3.7 mA/V 
50 

100 ,aA 

-Vg max. (Is = } 0.3µA) 1.3 V 

NOVEMBER 1963 Pap D1 



V„_ k max. 

Triode section 
V;,~;,I max. 
V;~ max. 
p;, max. 

—v~~„~; ~ max. 
I I, max. 
R e ~; max. 

ah at 

-- 9t 

k,g5,sh h 

eeoe 

ECH84 

DESIGN CENTRE RATINGS 

Heptode section 

TRIODE HEPTODE 

V;,I~~ max. 550 V 
V;, max. 250 V 
pa max. 1.7 W 
VRz+g~n,i max. 550 V 
V;;Z+g.1 max. 250 V 
V~;2+6a min. 10 V 
psZ+ ~,~ max. 800 mW 

—v61i~,k~ max. 150 V 
—vR;;l~,k~ max. 150 V 
III max. 12.5 mA 
RQl->; max. 3.0 MS2 
R,,3 _ ,; max. 3.0 MS2 

100 V 

h 

89A Base 

nll dimensions in mm 

NOVEMBER 1963 
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TRIODE HEPTODE ECH84 
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ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH 
SCREEN-GRID VOLTAGE AS PARAMETER 

Mullard 
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ECH84 TRIODE H~PTODE 

8~2~ ECH 84 

H¢ptoda section 

Va = 135V 

Vg3= OV 

Vgz+ge = 60V 
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SCREEN-GRID CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE ~~ 
WITH SCREEN-GRID VOLTAGE AS PARAMETER 
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TRIODE HEPTODE ECH84 

ECH84 ei386 I 
a 
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Heptode Section 

f l l l
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8 
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  0 

+4 

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID ($3) VOLTAGE. 
HEPTODE SECTION 

NOVEMBER 1963 
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ECH84 TRIODE HEPTODE 
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TRIODE HEPTODE ECH84 

ECH84 

< < ~ i
Triode section 
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ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE WITH ANODE 
VOLTAGE AS PARAMETER. TRIODE SECTION 
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ECH84 TRIODE HEPTODE 
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TRIODE PENTODE 
~~~~0 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 amplif er or in multivibrator circuits and 

,~~ the operation of the pentode as an audio output valve or a synchronising pulse separator. 

TRIODE SECTION AS A.F. VOLTAGE AMPLIFIER 

Operating Conditions 
Vn Ra lan —Vsa Vogt Vouc* too* Relt 
(V) (k ~) (mA) (V) Vfn (Vr.m.e.) (%) (k ~) 

170 47 1.8 3.5 9.5 22 8.7 150 
170 400 1.0 3.5 10.5 24 7.6 330 
170 220 0.5 3.5 11 24.5 6.5 680 

200 47 2.2 4.2 9.5 27 9.0 150 
200 100 1.2 4.2 10.5 29 8.0 330 
200 220 0.6 4.2 11 30 6.5 680 

* Output voltage and distortion at the start of positive grid current. At 
lower output voltages the distortion is approximately proportional to 
the voltage. 

j- Grid resistor of the following valve. 

LIMITING VALUES 

Pentode Section 

Valbl max. 550 V 
Va~pg l max. 1.2 kV 
Vg max. 400 V 
pa max. 3.5 W 

Vszlbl max. 550 V 
Vga max. 250 V 
pB2 max. 1.2 W<—
I k max. 25 mA 

* Iglpgl max. 350 mA<--
Vgl max. (IH1= w 0.3uA) —1.3 V 
Rgt_ k max. (Ik=12 mA) (frame output valve) 2.2 M i! 
Rgl_ k max. (I k =20 mA) (audio output valve) 1.0 M i2 
Rb_k max. 20 k S2 
Ve_k max. 150 V 

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

ISSUE 2 `R~~ ECL80 154-3 



ECL80 TRIODE PENTODE 
Combined triode and output pentode primaril y 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~mplifer or in multivibrator circuits and 
the operation of the pentode as an audio output valve or a synchronising pulse separator. 

LIMITING VALUES 

Triode Section 

Vat~h~ max. 550 V 
Vat max. 200 V 
pat max. 1.0 W 
Ik max. 8 mA F 

* ik,pk, max. 200 mA 
Vst max. (I~t —=0.3 ~,A) —1.3 V 
Rgt_k max. 3 M S2 
Rh_k max. 20 k S~ 
Vh—k max. 150 V 

* Max pulse duration 10°~0 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. 
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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 os 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-

latorand the pentode as a frame output valve. Other applications include the use of the 
triode as o 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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~~~~0 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 ~~~~~ 
Combined triode and output pentode primarily designed for use 
in television receivers with the triode os a frame blocking oscil-
lator and the pentode as a frame output valve. Other applications include the use of the 
triode as a tine blocking oscillator, A.F. voltage amplifier or in multivibrator circuits and 
the operation of the pentode os an audio output valve or a synchronising pulse separator. 
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ECL8~ TRIODE PENTODE 
Combined triode and output pentode primarily designed for use 
in television receivers with the triode as a frame blocking oscil-

latorand 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. 

un 
c'v 

O 
N 

N 

O 

O 
~~ 

I E~L80 
Pentode Section 

 Va ~ 170V 
 V92 =170V  
 Vh = 6.3V  

. ra

Vq~(V) -IS -10 

gm 

-5 

492 

Ia

O 

Q 
E 

E 
rn

~o 

v 

N 

O 

Q 
E 
0 

O 
•o 

O 

O 
v 

O 
t+~ 

O 
N 

O 

0 

ANODE CURRENT, MUTUAL CONDUCTANCE AND INTERNAL RESIS-
TANCE OF PENTODE SECTION PLOTTED AGAINST CONTROL-GRID 

VOLTAGE FOR SCREEN-GRID VOLTAGE OF 170V 

ISSUE 2 (Mv ECL80 154-tt 



TRIODE PENTODE I 

~~~~0 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 on audio output valve or a synchronising pulse separator. 
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ECL~O TRIODE PENTODE 
Combined triode and output pentode primarily designed for use 
in television receivers with the triode as a from¢ blocking oscil-

lator and the pentode os 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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7R10DE PENTODE 
Combined triode and output pentode rimarily designed for use 
in television receivers with the triode ' s a frame blocking oscil-
latorand the pentode as a frame out¢ t valve. Other applications include the use of the 
triode as a line blocking oscillator, A. . voltage amplifier or in multivibrator circuits and 
the operation of the pentode as an au io output valve or a synchronising pulse separator. 
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~~~~0 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 

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. 

ECL82 

HEATER 
Vh

Ih

MOUNTING POSITION 

CAPACITANCES 

~nP -at. 

Can_. g~ 

csm-a~ 

CR1P—gt 

Pentode section 

Ca _fit <0.3 
Cln 9.3 
Cout 8.0 
C61-h <0.3 

Triode section 

ca_R 4.2 
hn 2.7 
4,at 4.3 
Cg_ h <0.1 

CHARACTERISTICS 

Pentode section 
VA 200 
VB2 200 
la 35 
IQZ 7.0 
V a, 
g,„ 

—16 
6.4 

ra 20 

6.3 V 
780 mA 

Any 

<0.25 pF 
<0.02 pF 
<0.02 pF 
<0.025 pF 

pF 
pF 
pF 
pF 

pF 
pF 
pF 
pF 

250 V 
250 V 

28 mA 
5.7 mA 

—22.5 V 
5.0 mA V 

25 kit 

i~R1-ez 9.5 9.5 

Triode section 

V;, 100 V 

la 3.5 mA 
VR 0 V 
g,,, 2.5 mA V 
ra 28 kS2 

fA 70 

ISSUE 1 ECL82 357-1 



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 

ya 50 V 
ygz 170 V 

~a~nk, 85 mA 

~Or an average new valve the following figures will appl 
50 V a 

ygz 170 V 

ialnk~ 135 mA 
V~, adjusted so that I g, — +0.3;AA 

PENTODE SECTION AS AUDIO OUTPUT VALVE 

Single valve class `A' 

Va 200 250 V 
V62w, 200 250 V 

*R6z 0 2.2 kS2 
Ia,,,, 35 28 mA 
IKz„„ 
I Kz (max. sig.) 
Vgl
R k
V~„~r ,~,i , s., (P~„~ — 50mW) 
Ra
ytn~r.m.s.~ 

tP,,,,t
Dt„~ 

Two valves in class'AB' push-pull 
V;, 
Vxa~n, 

**Rgz
lug,,, 
la (max. sig.) 
Ig21,,, 
Igz (max. sig.) 

tfRk
V;,«gi—r~,~.~u.ti. 
R~_~ 
P~„~ 
Di„~ 

7.0 5.5 
16 10.5 

—16 —22.5 
390 680 
600 780 

5.6 9.0 
6.6 9.5 
3.5 3.4 

10 10 

200 250 
200 250 

0 2.7 
2x35 2x21.5 
2x39.5 2x27.5 
2x7.0 2x4.2 
2x16.5 2x9.2 

190 390 
25 38 
6.0 10 
9.8 9.0 
4.0 5.0 

mA 
mA 

V 
S2 

mV 
kS2 

V 
W 
% 

V 
V 

k1~ 
mA 
mA 
mA 
mA 

S2 
V 

kit 
W 
°~ 

*Undecoupled screen-grid resistor. 

tP~„~ and D~„t are measured at fixed bias and therefore represent the 
power output available dui ing the reproduction of speech and 
music. 

* *Common screen-grid resistor undecoupled. 

fj -Common cathode bias resistor. 
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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. 

ECL82 

TRIODE SECTION AS A.F. VOLTAGE AMPLIFIER 
V~, 
(V) 

R~ 
(kS2) 

Ift
(mA) 

Rk
(ki2) 

Ro 
(MSS) 

Zsuurce 
(kit) 

Vuut 
V,,, 

D,,,, 
I°~;,) 

Rpi" 

(kS2) 

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 3.3 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 3.3 220 41 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 3.3 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 3.3 220 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 2.2 330 
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 5.9 330 

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 3.1 680 

*Grid resistor of following valve 

V°°t measured with an input voltage of 100mV 
Vi„ 

D;~r measured for V~,,,i = 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. 
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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. 

LIMITING VALUES 
Pentode section 

Va~b~ max. 550 V 
Va max. 300 V 

+Va~pk~ max. 2.5 kV 
$—Va~pg~ max. 500 V 

pa max. (frame output) 5.0 W 
pa max. (audio applications) ~•0 W 
Vgam> max. 550 V 
Vgz max. 300 V 
Pgz max. 1.8 W 
pgz max. (speech and music) 3.2 W 
I k max. 50 mA 
Rgl_ k max. (fixed bias) 1.0 MS2 
Rgl_ k max. (cathode bias) 2.0 MS2 
Vp_k max. 100 V 
Rti_k max. 20 kSZ 

Triode section 

Vamp max. 550 V 

.} 
Va max. 300 V 

t ~""Va~pk~ max. 600 V 
pa max. 1.0 W 
I k max. 15 mA 

~~k~pk~ max. 200 mA 
Rg_ k max. (fixed bias) 1.0 MS2 
Rg_ k max. (cathode bias) 3.0 MS2 
Rg_ k max. (grid current biasing) 22 I"i~ 
Zg_k max. (f 50c/s) 500 k~ 
Vb_k max. i00 V 
Rh_ k max. 20 kS2 

*Maximum pulse duration 200µs 
$Maximum pulse duration 4°0 of one cycle with a maximum of 800µs 
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TRIODE PENTODE 
Combined triode and output pentode with separate 
cathodes intended for use as o 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 

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 a..,d output pentode with separate 
cathodes intended for use as a combined a. f. ampliFer 
and output valve or frame oscillator and output valve. 
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TRIODE PEI~ITODE 

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 Pr~NTQDE 

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 

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 PEN`i'ODE 

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 PEfVTODE 

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. 
V„ 6.3 V 
In 300 mA 

CAPACITANCES 

~in(gl) 

~ia(g2) 

~oUc 
~a-gl 

~g2-gl 

~a- k 

SRI-h 

CHARACTERISTICS 

7.0 pF<-
5.4 p F 
3.1 pFF-

<7.0 mpF 
2.6 pF 

<10 mpF 
<150 mpF 

Vry 170 V 
Vg2 170 V 
Vga 0 V 
la 10 mA 
1~2 2.5 mA 
Vgi —2.0 V 
g,n 7.4 mAIV 
ra 400 kS2 
itgl-g2 50 

`~ Req 1.0 kS2 
r~i (f = SOMc/s) 10 kS2 

VKI max. (IQI = +0.3µA) —1.3 V 

LIMITING VALUES 

Va(h) max. 550 V 
Va max. 300 V 
pa max. 2.5 W 

Vaa(n) max. 550 V 
Vsz max. 300 V 

pg2 max. 700 mW 
h~ max. 15 mA 
Rgl_k max. 500 kit 
Vh_ k max. 150 V 
Rh_k max. 20 kit 
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R.F. PEfVTODE EF80 
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EF80 R.F. PENTODE 
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R.F. PENTODE EF80 
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EF80 R.F. PENTODE 
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R.F. PENTODE 
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EF80 R.F. PENTODE 
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R.F. PENTODE EF80 
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EF80 R.F. PENTODE 
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VARIABLE-MU R.F. PENTODE 

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

EF85 

HEATER 

Suitably for series or parallel operation, a.c. or d.c. 
V,, 6.3 V 
I,, 300 mA 

CAPACITANCES (measured without an external shield) 

c;,, 7.2 pF 
c,,,,, 3.7 pF 
c;, gl 7.0 mpF 
c_~ ,, ~ 150 mpF 

CHARACTERISTICS 

V„ = V;, 250 V 
V~;3 0 V 
Raz 60 kS2 
Viz 100 V 
I;~ 10 mA 
I~z 2.5 mA 
V~, -2.0 V 
g,,, 6.0 mAIV 
r~ 500 kSZ 
Ran 1.5 k4 

OPERATING CON®ITIONS (See circuit on page D2) 

Condition 1 2 3 4 
V,, 190 190 190 190 V 
R~z 22 6.8 8.2 10 k4 
RRz-c~ - 8.2 12 18 kS2 
R,;, 47 47 47 47 S? 
Rkz 100 56 68 82 S>_ 
I,~ 11.8 9.2 9.6 10 mA 
hz 3.0 2.2 2.2 2.5 mA 
g,,, 6.0 5.7 5.8 6.0 mA; V 
V~1 for 60: 1 

reduction in g,,, -1 $.5 -9.0 -10 -11 V 
Ico~a1 15 23.5 20.5 18.5 mA 

Condition 5 6 7 
V„ 190 190 190 V 
R~z 12 15 18 ki? 
R~z _~ 27 47 82 kit 
Rkl 47 47 47 S2 
R,; z 82 82 82 S2 
I~ 10.7 11.3 11.7 mA 
I~z 2.5 2.7 2.8 mA 
g,,, 6.0 6.2 6.0 mA/V 
V~1 for 60: 1 reduction in g,,, -12 -13.5 -15 V 
Iwtai 17.5 16.5 16 mA 

JULY 1967 (1) Page D1 



EF85 VARIABLE-MU R.F. PENTODE 

LIMITING VALUES 

V~lb) max. 
Va max. 
py max. 
V62(b) max. 
Vg2 max. 
pg2 max. 
I k max. 
Rgl-k max. 
Vh_k max. 
Rh—k max. 

k h h 

+Vb 

550 V 
300 V 

2.5 W 
550 V 
300 V 
650 mW 
15 mA 

3.0 M i2 
150 V 
20 kS2 

+-- 22~2mox—. 

h 

92 0 

89A Base 

All dim¢nS~ons in mm 

JULY 7961 (1) Page D2 



VARIABLE-MU R.F. PENTODE 
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EF85 VARIABLE-MU R.F. PENTODE 
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VARIABLE-MI.J R.F. PENTODE EF85 
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EF85 VARIABLE-MU R.E. PENT®DE 
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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 f.m.ja.m. receivers. 

EF89 

HEATER 

Vh
Ih 

CAPACITANCES 

din 

tout 
ca-gl 
Cgl-g2 

6.3 
200 

5.5 
5.1 

<2 
2.1 

~gl-h 50 

CHARACTERISTICS 

Va 250 250 
Vgs 0 0 
Vg2
Vgl 

85 
-1.0* 

100 
-z.o 

11 9.0 9.0 
Ig2 3.2 3.0 
gm 4.0 3.6 
ra >0.8 1.0 
µg1-g$ 19 - 

V 
mA 

pF 
pF 

mpF 
pF 

mpF 

V 
V 
V 
v 

mA 
mA 

mA/V 
Ms2 

*At this voltage grid current may occur. If this is not acceptable the negative 
bias voltage should be increased to -2.OV. 

OPERATING CONDITIONS 

Va = VU
~~ Vg3

Rg2
Vgl
Rk
Rgl
la
Ig$ 
gin

ra
ReQ
gm (Vgl = -20V) 
rgl (f = 50Mc/s) 

*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.OV. 

tCommon screen-grid resistor for EF89 and ECH81 used as a frequency 
'~'* changer. The current through this resistor is 8.6mA at Vgl = -2.OV and 

9.8mA at Vgl = -0.5V. 

250 250 250 250 V 
0 0 0 0 V 

62 51 18t 18j- kS2 
-0.5* -2.0 -0.5* -2.0 V 
- 160 - 190 S2 
10 - 10 - MSS 
8.5 9.0 8.0 8.7 mA 
2.8 3.0 2.6 2.9 mA 
4.4 3.5 4.2 3.5 mAJV 
1.0 1.0 1.05 1.0 MS2 
2.4 4.2 2.3 4.1 kS2 

220 240 230 230 µA/V 
- 10 - 10 kf2 

FEBRUARY 1960 (1) Page D1 



EF89 VARIABLE-MU R.F. PENTODE 

LIMITING VALUES 

Valbl max. 

Va max. 

pa max. 

a 

163941 

Vg2(b) max. 

Vg2 max. 

pg2 max. 

I k max. 

Rgl_k max. 

Rg3_k max. 

Vh_k max. 

Rh_k max. 

h 

k 
—g2 

91

g3 

B9A Base 

All dimensions in mm 

a 

92

FEBRUARY 1960 (1) 

550 V 

300 V 

2.25 W 

550 V 

300 V 

450 mW 

16.5 mA 

3.0 M~2 

10 kS2 

100 V 

20 kS2 
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VARIABLE-MU R.F. PENTODE EF89 
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EF89 VARIABLE-MU R.F. PENTQI~E 
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VARIABLE-MU R.F. PENTODE EF89 
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VARIABLE-MU R.F. PENTODE EF89 

~■ ■ ■■■ ■ ■ _:~  
g~  

..iM~ 
iii '~'P... ........ ........... ■..... ■.. ■.. • ■ ■ ........ ........ .......t. ■..... ■. ■..~ ■ 

;~~! I ~ '''~lII~ '''III ''il ~~ 1  . i II 11 Iii i ~1,..II C~III,IiICII,._ Ilia. li►.1►. ; 
.• .............~........c.......■..■■.~~ ..~a.~~.n~

1•Iii:lIIIIIIIIIIiiI111111i!illli~lllllilll►l III.' 
111111 IiS:~111111111i~1111~:11 1~.~11t1~11►11.;~1 

. 1i1,.._IIIIIIII~I~..Illll~~~l.li~.11~,Ill.~tll
i ~ ~► ~► .®~I~~I,..._ III i~~~~,..11li~~~,.1.,~~.~_..., ~►  IIIIIIIIIIIIIII~i~~1111111111~i11~1~►~i~1~1►11111 ■........■ ..........:............ .~~►■ n..a~~r. 

~1~Illiii~~~~~~~l,~~l_ I~ l~!!~~Il~lli~~lil~11111 
\........... ~ .~  ~~ ~~''.~111111 ''~11 ''I1~11! ■ ::..■.■.. 2.1 _..i11~~..._ lily.. 11~. 

i~iiiiiiii:::illlll!!ilIIIIIiiC:11i111Cil1111111~ 
i iiu~~iiiiiiii`■i ~iiiiiiiliiiiiii~i■iiiii►i 
I~~i1111lIii::i11►,IIIIIIi:!~IIIIIIIIIIIC~111111111i`':!!IIIIIIIIII~Iii~:!1111111~i:!IIIIIIIIIC~11►1,1' 
i -1111111111..:!~Illllllllll~i:!111111~~~11111111 
111111'~il~lli1111111111~i::!IIIIIIIIIii=1111ii111..■■■ .....■■■■■■.........:a.~.........a~...o■.~ 
:::~ .,~~i/IIIIIIIIIIIIIIIIIIIIIIIIii=!!1111111:11►~ ... ,~ .............■ ....................a■.......► 
:: x':111111111111111111111 IN1111111 111111~11~1 
1l~~111111111111111111111~IIIIIIIIIIIII1111111C~~

0 
M 

rv^ y ~+ n I
M ~  _J 

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

FEBRUARY 1960 (1) Fage CS 



EF89 VARIABLE-MU R.F. PENTODE 
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R.F. PENTODE 

High slope pentode primarily intended for use as r 
and i.f. amplifier or mixer valve. 

EF91 

HEATER 

Suitable for series or parallel operation 

V~, 
li, 

CAPACITANCES 

din 

bout 

Ca—gl 

CHARACTERISTICS 

6.3 V 

300 mA 

Unshielded Shielded E--

7.1 7.1 pF 
2.1 3.1 pF 

<20 <10 mpF 

Va 250 V 

Vsa 0 V 

Viz 250 V 
Vel -2.0 V 

la 10 mA 
Ig2 2.6 mAF 

$m 7.6 mA/V 
ra , 500 kS2F-

(~gt-gz 70 

R~q 1.2 kS2 

rgt (f = 50Mc/s) 6.5 kS2F 
V~3 for cut-off (I,,<SOµA) -120 V~ 

OPERATING CONDITIONS AS MIXER 

V~ 

Vas 
Rk

Rgt 
la

Ig2 
I~1

Vosc ~r.m.s.~ 

$c 

$m(efP.) 

ra

OCTOBER 1961 

250 V 

0 V 

470 S2 

1.0 MS2 

6.0 mAf-

1.5 mA ~ 

2.0 ;~A~ 
4.0 V 

2.5 mAiV 
3.2 mA/V~ 

880 k4F 
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EF91 R.F. PENTODE 

LIMITING VALUES 

g3' 
gl 

V~~bl max. 550 V 
V~ max. 300 V 

pa max. 2.5 W 

Vez(n~ max. 550 V 

Vg2 max. 300 V 

pg~ max. 650 mW 

—Vg1 max. 50 V 

Ik max. 15 m.4 

Rxl—x max. 250 kS~~ 

Vn—x max. 150 V 
_ 

Tbu1n max. 210 °CF 

kh h 

h 

g3,s 

B7G BOSe 

All dimensions in mm 

~~ 
Mullard 

r 
V 

~-- 19max 

x 
0 
E 
u1 
d 

8723 
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R.F. PENTODE EF91 

8741 EF91 
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0 
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ANODE CURRENT, SCREEN-GRID CURRENT AND MUTUAL CONDUCT-
ANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. V~ = V~2 = 150V 
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EF91 R.F. PENTODE 

m 

i 

I 

I

I 

!L 
W 

  h~ 
  ~2 
QO O 

O O 
N N 

>° 

N 

O 
N 

O 

O 
O 

O 

O 

O O 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH CONTROL 
GRID VOLTAGE AS PARAMETER. V, _, = 150V 

OCTOBER 1961 

r 
M~~ul la/rid 

V 
Page C2 



E 

R.F. PEPITODE EF91 
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Ef91 R.F. PEi~TODE 

8738 EF91 

Va= V92= 200V 
V93= OV 

9m 

Ia

I92 

Ia
(m A) 

20 

IS 

10 

5 

O 

I 92 
(m A) 

9m 
(mA~V) 

8 

6 

4 

2 

0 

V91(V) —6 —4 —2 0 

ANODE CURRENT, SCREEN-GRID CURRENT AND MUTUAL CONDUCT-
ANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. Va = V~2 = 200V 

OCTOBER 1961 Page C4 

~ ~ 



R.F. PENTODE EF91 
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EF91 R.F. PENTODE 
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R.F. PENTODE 

7986 EF91 
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R.F. PEiVTODE 
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EF91 R.F. PENTODE 
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R.F. PEPITODE EF91 
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8744 EF91 
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ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH 
ANODE VOLTAGE AS PARAMETER, WHEN TRIODE CONNECTED 
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Ft.~r. PENTODE EF91 
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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 

V r, 

CAPACITANCES 

din 

bout 

cs-gi 

~h—k 

CHARACTERISTICS 

Va

Vsz 

Vga 
la

Iga 
Vgl 

$m 

ra

E~gl-g2 
Vgl (for 100: 1 reduction in g,,,) 

LIMITING VALUES 

6.3 V 

200 mA 

Unshielded Shielded ~ 

4.8 5.0 pF 

6.3 6.5 pF 

< 15 < 10 mpF 

2.3 2.3 pF 

200 V 

200 V 

0 V 

8.25 mA 

2.1 mA 

-2.5 V 

2.45 mA/V 

900 kS2 

30 

-27 V 

Va~b1 max. 500 VF-
Va max. 250 V 
pa max. 2.5 W 

Vg2(bJ max. 500 VF 

Vg2 max. 250 V 

pgz max. 600 mW 

-V~1 max. 50 V~ 

I k max. 12 mA 

Rgl_k max. ~ 100 kS2E—
Vh_k max. 100 V 

Tbn1b max. 170 °CF 

OCTOBER 5461 Page D1 



EF92 VARIABLE-N!U R.F. PENTODE 

9g.s 
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All dimensions in mm 
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VARIABLE-MU R.F. PENTODE 
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CONDUCTANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. 
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EF92 VARIABLE-MU R.F. PENTODE 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH 
CONTROL-GRID VOLTAGE AS PARAMETER. 
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VARIABLE-NIU R.F. PENTODE EF92 
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SCREEN-GRID CURRENT PLOTTED AGAINST ANODE VOLTAGE 
WITH CONTROL-GRID VOLTAGE AS PARAMETER. 
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WARIABLE-MU R.F. PENTODE EF92 
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SCREEN-GRID CURRENT PLOTTED AGAINST ANODE VOLTAGE 
WITH CONTROL-GRID VOLTAGE AS PARAMETER. 
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EF92 VARIABLE-MU R.F. PENTODE 
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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 

0 

m 

N 
0> 
!L 
W 

1 
O 

N 
II 

N Q ~ ~ N O 

N 

O 

N 

O 
O 
N 

O 
N 

O 
O 

O 

O 

SCREEN-GRID CURRENT PLOTTED AGAINST SCREEN-GRID VOLTAGE 
WITH CONTROL-GRID VOLTAGE AS PARAMETER. 
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V.H.F. PENTODE 

Low noise, high slope pentode primarily intended 
for use as an r. f. and i.f. amplifier. 

EF95 

HEATER 
Vh
Ih 

CAPACITANCES 

6.3 V 
175 mA 

Unshielded Shielded 
Pentode connection 

din 4.0 4.0 
bout 2.2 3.1 
~~—gl 23 G 20 
~h—k 2 2 

Triode connection 

din 

bout 
ca-a 

CHARACTERISTICS 
Pentode connection 

2.7 
4.2 
1.4 

Va 120 
Vg2 120 
la 7.5 
Isz 2.5 
Vgi -2.0 
$m 5.0 
ra 250 
(lei-sz 35 
Req 2 
rrl (f = 50Mc/s) 25 

pF 
pF 

mpF 
pF 

2.8 pF 
5.1 pF 
1.4 pF 

180 V 
120 V 

7.7 mA 
2.4 mA 

-2.0 V 
5.1 mA/V 

400 kS2 
35 
2 kS2 

25 kS2 

Triode connection 
Va 120 V 
la 10 mA 
VK -2 V 
$n, 6.8 mA/V 
ra 5.2 kS2 
~ 35 

Ran 900 S2 

DESIGN CENTRE RATINGS 

Valb) max. 300 V 
Va max. 180 V 

Pa max. 1.7 W 
Vga1n) max. 300 V 
V6z max. 140 V 
pgz max. 500 mW 

-Vgl max. 50 V 

^~ Rgl_k max. 3.0 MSlf—

Ik max. 18 mA 
Vi,_i~ max. 120 V 
Ti,nlh max. 170 °C 

JANUARY 1963 Pase D1 



EF95 V.H.F. PENTODE 
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V.H.F. PENTODE EF95 
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ANODE CURRENT, SCREEN-GRID CURRENT, MUTUAL CONDUCTANCE 
AND ANODE IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. 
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V.H.F. PENTODE 

EF95 
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ANODE CURRENT. SCREEN-GRID CURRENT, MUTUAL CONDUCTANCE 

AND ANODE IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. 
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V.H.F. PENT®DE 
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EF95 V.H.F. PEleITODE 
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V.H.F. PENTQDE 
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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. 

EF183 

HEATER 

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

Vh

Ih

CAPACITANCES 

c,,, 

co„~ 

~a-gl 

~gl-g2 

CHARACTERISTICS 

Va

VgZ

Vg3

la

Ig2

Vgl

gm

ra

rgl (f = 40Mc/s) 

Req (f = 40Mc/s) 

FEBRUARY 1962 

6.3 V 

300 mA 

9.5 pF 

3.0 p F 

5.5 mpFF 

2.8 pF 

170 200 230 V 

90 90 90 V 

-0 0 0 V 

14 12 10.5 mA 

5.3 4.5 3.6 mA 

—1.8 —2.0 —2.1 V 

14 12.5 10.6 mA/V 

350 500 650 k52 

11.6 13 15.3 kS2 

— 490 — 52E--

Page D1 



EF183 VARIABLE-MU R.F. PENTODE 

OPERATING CONDITIONS 

16520 +Vb 

With compensating resistor 
Condition 

~xi (e.g. vision i.f. amplifier) 
1 2 3 4 

* Vb 190 190 190 190 V 
R~2 22 6.8 8.2 10 kS2 
Rs2_ o. - 8.2 12 18 kS2 
R~;1 22 22 22 22 S2 
Rk2 100 56 68 82 S2 
Rai - - - - kS2 
la 11.6 11.8 11.7 11.4 mA 
Ire 4.3 4.4 4.4 4.3 mA 
gm 12.3 12.4 12.2 12 mA/V 
Vgl for 100: 1 

reduction in gm -18.5 -9.0 -10 -11 V 
Itotai 16 27 24 21 mA 

Condition S 6 7 8 
*Vb 190 190 190 190 V 

R~2 12 15 18 33 kS2 
Rg2_o- 27 47 82 - kS2 
Rkl 22 22 22 22 S2 
Rxa 82 82 82 0 S2 
Rai - - - 470 kS2 
la 11.8 11.9 12 11.6 mA 
1~2 4.4 4.5 4.5 4.4 mA 
gm 12.3 12.5 12.5 15.5 mA/V 
V~1 for 100: 1 

reduction in gID -12 -13.5 -14.5 -17 V 
Itotat 19.7 18.5 14.7 16 mA 

*For other values of Vb up to 210V, the above conditions can be used 
providing the values of R~2 are changed to keep V~2 at approx. 90V. 
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VARIABLE-MU R.F. PENTODE EF183 

176471 +Vb 

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

3 4 
190 190 V 

8.2 10 kS2 
12 18 kS2 
82 100 4 
11.8 11.4 mA 
4.4 4.3 mA 

12.3 12 mA/V 

-3.25 -3.5 V 

-10 -11 V 
24 21 mA 

Condition 1 2 
*Vb 190 190 

Rgz 22 6.8 
Rgz-k - 8.2 
Rk 120 68 
la 11.7 12 
Igz 4.3 4.5 
gm 12.4 13 
Vgl for 10 : 1 

reduction in g~, -5.0 -3.0 
Vgl for 100: 1 

reduction in g,,, -18.5 -9.0 
Icorai 16 27 

Condition 5 
*Vh 190 
Rgz 12 
Rgz_k 27 
Rk 100 
la 11.8 
Ig2 4.4 
gm 12.4 
Vgl for 10 : 1 

reduction in g,,, -4.0 
Vg1 for 100: 1 

reduction in g~, -12 
I«cai 19.7 

6 7 
190 190 V 
15 18 kS2 
47 82 kS2 
100 100 S2 
12 12 mA 
4.5 4.5 mA 

12.5 12.5 mA/V 

-4.4 -4.6 V 

-13.5 -14.5 V 
18.5 17.5 mA 

___ ~~ *For other values of Vt, up to 210V, the above conditions can be used 
providing the values of Rg2 are changed to keep Vg2 at approx. 90V. 
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EF183 VARIABLE-MU R.F. PENTODE 

DESIGN CENTRE RATINGS 

Va(r,i max. 550 V 

Va max. 250 V 

p~ max. 2.5 W 

V~z(n) max. 550 V 

Viz max. 250 V 

p~z max. 650 mW 

—Vgl(pk) max. 50 V 

Ik max. 20 mA 

R~1-k max. 1.0 MS2 

R~3_k max. 50 kS2 

Vh_k max. 150 V 

R~,-k max. 20 kS2 

Tn„iv max. 180 °C 

~6688~ 

s 
93 
91 

O 

92 

h 

k 

91 

h 
s 

93 

B9A Base 

All dimensions in m m 

a 

92 

k 
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VARIABLE-MU R,IF, PENTODE 

Va =170 to 230V 
V93=0V 

EF183 
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ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH 
SCREEN-GRID VOLTAGE AS PARAMETER AND WITH MUTUAL 

CONDUCTANCE CONTOURS 
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CATHODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE 
WITH SCREEN-GRID VOLTAGE AS PARAMETER 
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VARIABLE-MU R.F. PENTODE EF183 

EF 183 B 3065 IQ 
-(mA) 

Va =180 to 220V 

Vg3=0V 

Vb = 200V, Rg2=24k11 

Vb = 170V, Rg2=15kf1 
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ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH 
SCREEN-GRID VOLTAGE AS PARAMETER 
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EF183 VARIABLE-M 11 R.F. PENTODE 

EF183 
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Va =180to 220V 
Vg 3 =0V 
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Vb =170V, Rg2=15kR 
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VARIABLE-MU R.F. PENITODE EF183 
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EF183 VARIABLE-MU R.F. PENTODE 

6523 EF183 

1,8 7, 6, 5,4, 3,2 
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ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE. 
Curve numbers refer to operating conditions on pages D2, D3 
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VARIABLE-MU R.F. PENTODE EF183 

EF183 6518 

I, 8 
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MUTUAL CONDUCTANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. 

Curve numbers refer to operating conditions on pages D2, D3 
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EF183 VARIABLE-MU R.F. PENTODE 
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VARIABLE-MU R.F. PENTODE 
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EF183 VARIABLE-MU R.F. PENTODE 
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R.F. PENTODE EF184 
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EF184 R.F. PENTOQE 
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DUAL-CONTROL HEPTODE 

Dual-control heptode for use in television receivers. EH90 

HEATER 

Vh
Ih

CAPACITANCES 

~a -gl 

~a-g3 

tin(gl) 

cin(g3) 

bout 

~gl-g3 

CHARACTERISTICS 

Va 10 100 

Vgz+ga 30 30 

Vgl 0 0 

Vg3 0 -1.0 
la 2.0 0.8 

Iga+ga 3.5 4.0 

$m(gl-a) — — 
$m (g3-a) — 1.55 
ra — 400 
Vgl (la = 50;1A) — — 
Vg3 (la = 50~.A) — -2.2 

DESIGN CENTRE RATINGS 

6.3 
300 

V 
mA 

<70 mpF 
6360 mpF 

5.5 pF 
7.0 pF 
7.5 pF 

<220 mpF 

100 V 
30 V 

-1.0 V 

0 V 
0.75 mA 
1.1 mA 
1.2 mA~V 

— mA~V 
900 kS2 
-2.5 V 
— V 

Vale) max. 550 V 
Va max. 300 V 
pa max. 1.0 W 
Vgz+g4(b) max. 300 V 
Vgz+g4 max. 100 V 
pgz+ga max. 1.0 W 
Ik max. 14 mA 
Rgl-k max. 470 kS2 
Rgs- k max. 2.2 MS2 
Rg3- k max. (Vgz+g4 5 30V) 
Vh _~; max. (cathode positive) 
Vh __k max. (cathode negative) 

MAY 1962 

5.0 MS2 
200 V 
100 V 

Paye D1 
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6642

92,94 

gl 

k~95 

MAY 1962 

~~ 
M`x`xllaJJrd

V 
Paxe D2 



DUAL-CONTROL HEPTODE EH90 
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EH90 DUAL-CONTROL HEPTODE 
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DUAL-CONTROL HEPTODE EH90 
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EH90 DUAL-CONTROL HEPTODE 
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DUAL-CONTROL HEPTODE EH90 
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EH90 DUAL-CONTROL HEPTODE 
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OUTPUT PENTODE 

Output pentode rated for 4W anode dissipation 
suitable for use as an r. f. or a.f. amplifier. 

HEATER 

V~, 
~~~ 

CAPACITANCES 

c~,~ 
G~~d 

~a ~I 

CHARACTERISTICS 

Pentode connection 

V,~ 
V~;3
V~;z 
I, 
i~z 
V~1
gn, 
ra
u~l_~Z 

Triode connection (g:, connected to a) 

V;, 
I„. 
V~~ 
g« 
r~ 
I~ 

EL91 

6.3 V 
200 mA 

Unshielded Shielded 

3.7 
4.0 

300 

3.8 pF 
6.5 pF 

X300 mpF 

250 V 
0 V 

250 V 
16 mA 
2.3 m A 

—13.5 V 
2.5 mA/V 

130 kS2 
12 

250 V 
18.3 mA 

—13.5 V 
2.7 mA!V 
4.3 kS2 
12 

OPERATING CONDITIONS AS SINGLE VALVE AMPLIFIER 

Pentode connection 

V;, ;; 
Vczn» i; 
RKz 
R is 
R,, 
~u(oi 

4rz~~n 

V~~~u~.~~...i 
Phut 

Dc~,r 
~~;2(max. ~ ~.) 

SOmW) 

MAY 1962 

250 V 
250 V 
470 i2 
700 S>. 
18 kS2 
16 mA 
2.3 m A 

820 mV 
5.8 V 
1.7 W 

10 
6.3 m A 
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EL91 OUTPUT PENTODE 

OPERATING CONDITIONS FOR 2 VALVES IN PUSH-PULL 

Pentode connection 

Cathode bias 

V„ ~; 

Vr;s is 
R~; (per valve) 

Ra -a 

l;,Il,l 

Iaal„) 

Vin(gl—gl )r.m.~. (Pout = 

Vinlgl gllr.m.s. 

P~„t 
Dto«

lannas. sig.) 

lezn,,:,.. .~,':.1 

Fixed bias 

V:, 1: 

Vel

R., ., 
l,,on 
Deal„i 
Vin,el-Allr. m.~=. (Pow = 

V.~uel -el ir.~,.<. 

P.,~n 

I;; a n,,:, .. . 

50mW) 

SOmW) 

250 V 

250 V 

820 S3 

15 kS2 

2 x 14.5 mA 
2 x 2.0 mA 

1.8 V 

19.8 V 

5.8 W 

2.5 °„ 

2 x 21.5 mA 
2 x 5.0 mA 

250 V 

250 V 

—16 V 

15 kS2 
2x10 mA 

2x1.4 mA 
2.1 V 

21.5 V 

5.6 W 

1.7 

2 x 19.5 mA 
2 x 4.7 mA 

P,,,, t and D,,,- are measured at fixed bias and therefore represent the power 
output available during the reproduction of speech and music. When a 
sustained sine wave is applied to the control grid, the bias across the 
cathode resistor will re-adjust itself as a result of the increased anode and 
screen-grid currents. This will result in approximately 10"„ reduction in 
power output. 
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OUTPUT PENTODE EL91 

OPERATING CONDITIONS AS R.F. AMPLIFIER 

f 50 100 
V;, 250 250 

Vkzi i~~ 250 250 
R,;z 33 33 
V;; i —14 —14 
R„, . ,; 10 12 

Ri: 470 470 
I;, 16.6 16.8 
I,., 2.9 2.8 

ILL 500 400 

Pi~,:~a 2.4 1.85 
i, ~,,~i 59 44 

OPERATING CONDITIONS AS FREQUENCY DOUBLER 

f,,,,, 50 100 
V;, 250 250 

VRaro~ 250 250 

R~2 33 33 
V,;, —40 —40 
R,_, ,; 27 27 
R,; 470 470 
I;, 16 16.3 
14~ 2.8 2.6 
I,, 1.2 1.1 
Pi,r;,,~ 1.6 1.3 
r,i~;,,, 41 32 

OPERATING CONDITIONS AS FREQUENCY TREBLER 

f~~~n 50 100 
V;, 250 250 

V;sri,~ 250 250 

R, 33 39 

V:: i —75 —75 

R_i is 39 39 
R i; 470 470 

I;, 15 16 
I,; ~> 2.6 2.3 

I~~ 1.7 1.7 

Pi,~;~,i 1.25 1.0 

~i,~:,~i 

MAY 1962 

Mc's 
V 

V 

kS~ 

V 

kil 
~i 

mA 
mA 
uA 
W 

,~ 

Mc; s 
V 

V 

kS? 
V 

kS? 
ci 

mA 
mA 
mA 
W 
~~ 

Mcs 
V 

V 

kS2 
V 

kS1 
S2 

mA 
mA 

mA 

W 
32 25 °„ 

Pape D3 



EL91 OUTPUT PENTODE 

DESIGN CENTRE RATINGS 

2831 

Val~,~ max. 

V„ max. 

pa max. 

pa+e2 maX. 

Vez(n~ max. 

Vsa max. 
p~2 max. 

—V~1 max. 
Igt max. 

Ik max. 

Rgl-k max. 

Vh_k max. 

k~9 

B7G Base 

MAY 1962 

550 V 

250 V 

4.0 W 

4.5 W 

550 V 

250 V 

600 m W 

100 V 

3.0 mA 

20 mA 

500 kn 

150 V 

~ 19mm ~ 
max 

x 
0 
E 
E 
E N

n v 

x 
0 
E 
E 
E 
m 
v 

I 
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OUTPUT PENTObE 
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EL91 OUTPUT PENTODE 
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OUTPUT PENTODE EL91 
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EL91 OUTPUT PENTODE 
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OUTPUT PENTODE 
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EL91 OUTPUT PENTODE 
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OUTPUT PENTODE EL91 
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EL91 OUTPUT PENTODE 
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OUTPUT PENTODE 

Output pentode for use in radar scanning, series regulator 
and similar applications and in pulse modulator 
applications. 

EL360 

HEATER 

CAPACITANCES 

c„~~c 

c;, F1 

6.3 V 

1.27 A 

7.7 pF 

17.5 pF 

<1.1 pF 

CHARACTERISTICS 

Pentode connection 

Va 100 250 V 

Vg~ 100 250 V 

Vgl —6.3 —46 V 

la 120 48 mA 

~K2 8.3 5.5 mA 

g~~ 16.5 6.9 mA/V 

ra 3.7 13.5 kS2 

(AK1- K2 6.0 5.0 

Triode connection (gz connected to a) 

Va 100 V 

la 100 mA 

Vgt —8.0 V 
gm 14.5 mA/V 

ra 380 S2 

µ 5.5 

APRIL 1964 

F 
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EL360 OUTPUT PENTODE 

DESIGN CENTRE RATINGS (unless otherwise stated) 

Scanning, low voltage series regulator, and similar applications 

Va~ei max. 1.0 kV 

~a(pk) max. 7.0 kV 

—va~,,,,~ max. (pa = 15W) 1.0 kV 

—~a(nk) max. (pa = 10W) 1.5 kV 

V;, max. 800 V 

Vgz~~~ max. 800 V 

Vgz max. 400 V 

—v;irp~;~ max. 1.0 kV 
pa max. 15 W 

pgz max. 5.0 W 

V„+gz max. 400 V 

pa+gz max. 18 W 
Ik max. 200 mA 
Rgl _ k max. 500 kS2 

V~,_~; max. 200 V 

High voltage series regulator applications 

Va~b~ max. 4.0 kV 

Vgz(t,~ max. 550 V 
Va max. 2.0 kV 

Vgz max. 400 V 

p„ max. 6.0 W 
pgz max. 2.0 W 

I k max. 5.0 mA 

Pulse modulator applications 

Va max. (absolute) 
pa max. 

*igrpuise) max. (absolute) 

Vgz max. 

pgz max. 

—Vg, max. 

+~g11n~1seJ max. 

*Max. pulse duration 1us, duty factor 0.001 

APRIL 1964 

5.0 kV 
10 w 
4.0 A 

550 V 

3.0 W 

300 V 

60 V 
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OUTPUT PENTODE 

Output pentode (or use in radar scanning, series regulator 
and similar applications and in pulse modulator 
applications. 

EL360 

2277 

91 

a 
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Octal Base 

k~93 
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EL360 OUTPUT PENTODE 

a m 

O 
co 
J 
W 

e O 
~_ 

n 
N 

O  
u > 

01 

O 
O 
M 

O 

N 

oa ~~ 0 0 0 0 0 0 
N 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH 
CONTROL-GRID VOLTAGE AS PARAMETER. Viz = 150V 

JULY 1960 (i) Page C2 



OUTPUT PENTODE 
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EL360 OUTPUT PENTODE 

e 
a n 

I 

O 

M 
J 
W 

O 

N 

'N 

>~ 

O 
~ — O 

>  > — ~ O 
_  N 

i 

1 

_ N 
O 
f`') 

^>
0 

O 
O 
V 

O 
O 
m 

O 
O 
N 

O 
0 

OQ 
H 

N 

O 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH 
CONTROL-GRID VOLTAGE AS PARAMETER. Vg2 = 250V 

JULY 196Q (1) Page C4 



C7UTPUT PENTf,~U~ EL360 
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EL360 OUTPUT PENTODE 
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EL360 OUTPUT PENTODE 
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OUTPUT PENTODE 
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EL360 OUTPUT PENTODE 
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OUTPUT PENTODE EL360 
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EL360 OUTPUT PENTODE 
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EL360 OUTPUT PENTODE 
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OUTPUT PENTODE 
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EL360 OUTPUT PENTO®E 
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OUTPUT PENTODE EL360 
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OUTPUT PENTODE EL360 
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OUTPUT PENTODE EL360 
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EL360 OUTPUT PENTODE 
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TUNING INDICATOR 

Electron beam tube for use as a tuning indicator in 
f m. or a.m. receivers or as a level indicator in tope 
recorders. 

EM81 

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

V., 

In

OPERATING CONDITIONS 

V ~, 250 

V, 250 

R,, 500 

R__~; 3.0 

V.. —1.0 

I;, 370 

I~ 2.0 

6.3 V 

300 mA 

V 

V 

kit 

Mil 

—10.5 V 

20 pA 

2.3 mA 

' 65 5.0 deg. 

V;; max. (h = +0.3uA) —1.3 V 

LIMITING VALUES 

V;,,,,, max. 550 V 

V,~ max. 300 V 

p;,_ max. 200 mW 

V„„ ~ max. 550 V 

Vi max. 300 V 

V~ min. 165 V 

I,; max. 3.0 mA 

Rr - ~; max. 3.0 Mil 

V❑ _ k max. 100 V 

R.,_,; max. 20 kit 
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EM81 

k,g' h 

2149 

n 
DI REGTION 

OF VIEWING 

h 

B9A 
Noval Base 

TUNING INDICATOR 

qo±Zo 

Ic 
x x 

O O O 
E E 

ac~o 

All dimensions in mm 
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TUNING INDICATOR EM81 

zia~ EM81  I 

Vy= VL = 250V 

Ra = SOOkR 

Rq-k =3.OMfl 

80 

60 

40 

20 

O 

Vg~V) -15 -~O -5 O 

LIGHT ANGLE PLOTTED AGAINST CONTROL-GRID VOLTAGE 

FEBRIDARY 1960 (1) 
Mul lard 

\% 
Page C1 





VOLTAGE INDICATOR 

Electron beam tube (or use as a voltage indicator 

in broadcast receivers and tape recorders. 

EM84 

HEATER 

Vb 6.3 V 

I h 210 mA 

MOUNTING POSITION Any 

TYPICAL OPERATING CONDITIONS 
(deflection electrode connected to anode) 

Vb 250 

Vt 250 

Ra 470 

R g _k 3.0 

Vg 0 

le 450 

It 1.0 

V 

V 

kSZ 

MS2 

—22 V 

60 µA 

1.8 mA 

*L 21 ~5 0 mmE—

*Length of column 

DESIGN CENTRE RATINGS 

Vaibi max. 550 V 

Va max. 300 V 

pa max. 500 mW 

Vt~bi max. 550 V 

Vt max. 300 V 

Vt min. 170 V 

Ik max. 3.0 mA 

Vg max. (Ig=+0.3µA) —1.3 V 

Rg_k max. 3.0 MS2 

Vh _k max. 100 V 

TDulb max. 120 °C 
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EM84 VOLTAGE INDICATOR 

4678 

h 
h t 

B9A Bose 

All dimensions in mm 

MAY 1962 

F 22.2y 
max 

Direction o ±  
deft'"of B ti 
elec viewing ap ~ 

IC 
Ito+erance 

3deg) 

4 

1 ~, 

t 
f 
+~ 
N 

7
2
.2

 m
ax
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VQLTAGE INDIGAT~UR EM84 

EM84  5538 

2 O 

IS 

~o 

O 5 

0 

L 
(mm) 

20 

IS 

~o 

5 

0 

V9(V) -30 -20 - I O O 

LENGTH OF COLUMN P,ND TARGET CURRENT PLOTTED AGAINST 
CONTROL-GRID VOLTAGE 
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VOLTAGE INDICATOR EM87 Short grid-base electron beam tube for use as a voltage indicator 
in tape recorders. The pattern consists of a vertical column with 
a fluorescent area at the top and bottom. As the grid is driven 
negative these fluorescent areas converge, until they meet at Vg=-10V. At Vs=-15V 
there is a 1.5mm cross-over which can be utilised to indicate overloading. 

HEATER 

Vr, 
I i, 

TYPICAL OPERATING CONDITIONS 

(deflection electrode connected to anode) 

Vb 250 

Vt 250 

R, 100 

Rg-k 3.0 

Vm 0 -10 

I, 2.0 0.5 

It 1.0 1.8 

'L 21 0 

6.3 V 
300 mA 

V 

V 

kS~ 

M S2 

-15 V 

0.2 m A 

2.0 mA 

-1.5 m m 

*Length of column. A negative value of L indicates overlapping. 

DESIGN CENTRE RATINGS 

Vd~u~ max. 550 V 

V~ max. 300 V 

p, max. 600 mW 

Vact.elec,~b~ max. 550 V 

V~~r,eie~, max. 300 V 

Vi ~~,~ max. 550 V 

Vt max. 300 V 

Vt min. 170 V 

I,; max. 5.0 mA 

Rs_~t max. 3.0 MS2 

Ri,-k max. 100 kS2 

Vi,_k max. 250 V 

Tb„ly max. 120 °C 
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EM87 VOLTAGE INDICATOR 

9669 

h 
h t 

Fluorescent area 

gi o defiD~of 
ction p 

elec k' o o - elec viewing W OI

IC '„ „" IC ~ ~ 

B9A Base 

All dimensions in mm 

MAY 1962 

2z•2 
max 

X 

E 
N 
N 
n 
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VOLTAGE INDICATOR 

9 
EM87 

u- i 
Vb = 250V 

Ra = IOOkS2 
R~=3Mf1 

J 

I 

i C 

9 b 
(V) —15 —10 

EM87 

I

LENGTH OF COLUMN PLOTTED AGAINST CONTROL-GRID VOLTAGE 
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HALF-WAVE RECTIFIER 

Indirectly heated half wave rectifier primarily 
intended for operation at high altitudes. 

EY84 

HEATER 
Vh 6.3 V 
In 1.0 A 

LIMITING VALUES 
P.I.V. max. 2.0 kV 
i~,nki max. 900 mA 
i a,sursa, max. 3.2 A 
VF,_,; max. (cathode positive) 650 V 

Capacitor input 
I,,,,~ max. lgee rating chart 1 
Vtn~r.m.s., max. f 
RI1,,, min. See rating charts 2 and 3 and 

capacitor input regulation curves. 
Choke input 

„~ max. fSee rating chart 1 
Vm~r.m.s., max. 
L min. (at 50c;s) See choke regulation curves 

CHARACTERISTICS 
Anode voltage drop (lo„t=150mA) 22 V 

TYPICAL OPERATION OF TWO EY84 AS FULL-WAVE RECTIFIER 

Capacitor input 

V,,,,r.m.,., 2 
Rnm (per anode) 

*C (50c;'s) 
,.~ I,,,,~ 

V,,,,, 

rFor 1.6kc!s op~r-ation the same IjV relation would be obtained 
using a capacitor of O.S~aF. 

Choke input 
V~n,r.m.s.7 2 ~, 500 2X700 V 
L 10 10 H 
I,,,,, 365 300 mA 
V,,,,, 408 592 V 

< 500 2 x 625 V 
150 250 S2 
16 16 µF 

300 250 mA 
500 635 V 

OPERATING NOTES 
The design of a power supply circuit starts with a knowledge of the 
output conditions and from this information the transformer and 
secondary or input voltage can be chosen. Reference to the rating 
charts will indicate whether a rectifier is suitable for a particular 
application. 

Rating chart 1 
This shows all the combinations of input voltage and output current 
considered safe for both capacitor and choke input filters. 

ISSUE 3 EY84 7156-1 



EY84 HALF-WAVE RECTIFIER 

Indirectly heated half-wave rectifier primarily 
intended for operation at high altitudes. 

Rating chart 2 

This chart shows the minimum series resistance per anode necessary 
to restrict the maximum switching surge in a capacitor input fi lter, 
to its limiting value over the range of supply voltage. 

Rating chart 3 

This shows the relationship between the maximum rectification 
efficiency and output current. 

Capacitor input filter circuits 

Reference should be made to rating charts 2 and 3 and the regulation 
curves. The circuit is set-up and the input and output voltage and 
output current are measured. If the operating conditions lie within 
the boundary lines of the regulation curves an improvement in the 
rectification efficiency may be effected by reducing the value of the 
limiting resistance. Rating chart 2 gives the minimum value of the 
limiting resistance against open circuit secondary voltage; this 
resistance will guard against excessive switching currents. 

Comparison of the calculated rectification efficiency  V°"c
ti' 2 x Vfnlr.tn.s.~ 

with rating chart 3 will show whether the limiting resistance must 
be increased to lower the rectification efficiency to the area of safe 
operation. Operation within this area indicates that the limiting 
value i;,~r, k ~ has not been exceeded. 

Choke input circuit 
Reference should be made to rating chart 1. A suitable value of 
choke can be obtained from the choke regulation curves. 

3367 

h 

IC 

IC 

Top cap 
type CTI 

IC 
x 

IC E 

E 

IC ~ 
r 

IC 

69A Base 
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HALF-WAVE RECTIFIER 

Indirectly heated hal f--wave rectifier primarily 
intended for operation at high altitudes. 

EY84 

250 

200 

150 

100 

SO 

O 

3341 EY84 

O 10 20 30 Va CV~ 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 
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EY84 HALF-WAVE RECTIFIER 

Indirectly heated half-wave rectifier primarily 
intended for operation at high altitudes. 

Lout 
~mA~ 

250 

200 

Iso 

100 

50 

~ EY84 ', 3342 

-- ~ "'t  Rating (chart I ~"  "':~::e:~::::: ::::n~::yeu:
:~::::::::::::i::::::t::n:u:::i::n 

Allllllllllllilu~l ~ vlll 1811 
(III I~IIIIII 1 ~ II II (111111 III  .............. ..... ............ 

,~ Boundary for operation with choke input titter ,~~,~„"," ■ ~ ~ ~ ~~ S~ ►~ 7'18/?.~.+ ro U...3n^.4 LokkfKF ~3+a ri64 if1k ti3'YtrF haY'o+: ~uS'.~""s?.: tYH :.. . ... . 

.....■.N ~~....• 

  Boundary for operation with capacitor input filter 1— ~' 
~ ~: 

::_::~ _:~ :..:......::~:: ''CC 

:C::: ::~"'~ :" ::~ ~ :~ :: :~::s:::';;.;:: ~.::::_. ~ .::: 
1~i,~~~~~~~ : ~~~~ ~~~ v .;; .... ~ ~ :~.~..~..... .......1 .:..~.... ..:::::6:::~:°°: •.:E::E:E: 

200 400 600 Vin ~r.ms.~~Vi 

BOUNDARY OF OPERATION V~°ITH CAPACITOR OR CHOKE INPUT FILTER 

ISSUE 3 
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HALF-WAVE RECTIFIER 

Indirectly heated half wave rectifier primarily 
intended for operation at high altitudes. 

EY84 

Re
im
 
M
i
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i
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u
m
 
se
ri
es
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N
 

Q
 

0 
~
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I 3344 EY84 

I I 
Rating chart 2 

J 
Capacitor input filtar based ia (surge~=3~2A upon 

I [ ! t l i I 

Cmax = 24~Ftor f=40to60c/s.At f>bOc/s 

Cmax ~ SOx 24~F 
f(c/s~ 

I I I I I I 

R I im = R s +n2Rp+R = N2Vin(r.m.$)—va (surge add 
is (surge) 

Rl im =Series resistance per anode _ 

Rs =Resistance of the translormcr secondary 

per anode 

Rp =Resistance of the transformer primary 

Rodd =Added series resistance anode per 

n =Primary to secondary ratio in halt -wave 
ci rtuits or primary to halt secondary 

- in full-wove rotio circuits 

O 200 400 600 ~Vr.m.s~ 

Open circuit secon dory voltage 

MINIMUM SERIES ANODE RESISTANCE PLOTTED AGAINST OPEN CIRCUIT 
SECONDARY VOLTAGE 
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EY84 HALF-WAVE RECTIFIER 

Indirectly heated half-wave rectifier primarily 
intended for operation at high altitudes. 

Lout 

~mA~ 

200 

150 

100 

50 

O 

EY84 

Rating chart 3 

Capacitor input based upon i a~pk~max =gOOmA 

A re 

Rectification ¢ff'ci¢ncy— Voutx OO a/o
Vin (r. m.$) 

a of permissible operation 

O 20 40 60 80 
Rzct ificotion efticiency 

100 

3346 

OUTPUT CURRENT PLOTTED AGAINST RECTIFICATION EFFICIENCY 
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HALF-WAVE RECTIFIER 

Indirectly heated half-wove rectifier primarily 
intended for operation at high altitudes. 

EY84 

Vout 
~V~ 

1000 

800 

600 

400 

zoo 

0 

EY84 3365 

Operotion of two EY84 as 
tull—wave rectific r(f=SOc/s) 

Capacitor input filter 

I

— L.  
0  i/

  @s~`\ 
  ?+~ 

 00
4 

~+6 
  2Sf. 

320

 2~S O 
V 

#2S0 

V

2xsor~ 

1 ~~ 

1

O 100 200 300 Iout(mA~ 

CAPACITOR INPUT FILTER REGULATION CURVES 

  Mullard  
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EY84 HALF-WAVE RECTIFIER 

Indirectly heated half-wave rectifier primarily 
intended for operation at high altitudes. 

Vout 

~V~ 

1000 

800 

EY84 3364 

I I
Operation of two EY84 as 
full —wave ractitier~f=SOc/s] 

I I I I I I
C Aokx input tiltar 

t 

1 

600 

400 

200 

O 

1 

l = IOH 

~~ 

l

SH 

3H 

Vin(rms.)= 2x700V 

2 x SOOV 

2x400V 

2H 

IH 

O 100 200 300 I out~mA) 

CHOKE INPU I FILTER REGULATION CURVES 
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HALF-WAVE RECTIFIERS EY86 
EY87 

High voltage half -wave rectifiers particularly suitable for use in cathode 

ray tubee.h.t. supplyunits. The EY87 is electrically identical to the EY86 

buthas a chemically treated bulb to prevent flash-over under conditions of 

high humidity. 

HEATER 

Vh 6.3 

Ih 90 

Heater voltage tolerances I
out < 200µA t15* 

Iout > 200µA s7* 

V 

mA 

% 

% 

*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 t10% are 

permissible. 

CAPACITANCE 

ca-(h+k+s) 

LIMITING VALUES 

1.7 pF 

Pulsed input 

tP.I.V. max. 22 

Lout 
max. 800 

t~ia(pk) 
max. 40 

C max. 2000 

tMax. duration 18% of a line scanning cycle with a max. of 18µs. 

'(1Max. duration 10% of a line scanning cycle with a max. of 10µs. 

Sinusoidal input (50c/s) 

Vin(r.m.s.) 
max. 

Lout 
max' 

C max. 

R min 
lim 

JULY 1964 

5.0 

3.0 

0.2 

100 

kV 

µA 

mA 

pF 

Page D1 



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 

whenoperatedabove 16kV. The level of X-radiation is likely to be considerably 

higher when the heater circuit of the tube is open. 

5891 

a 

ǹ r 
Top Cap ~ O 
Type CTf, a p {  ~ 

~D 22.2 
max im

9.15 f 0.3--~ -- ~ 
17fOb~ 

h,k,s h h,k,s 

NCO O  O NC 

h 0 0 h 

h,ks ~ ~ h,ks 

h,k,s h 89A Base 

All dimensions in mm 

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 RECTIFIERS EY86 
EY87 

a 

~~ ~~ r> WW 

a< 
F+ E 

0 0 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 

JULY 1964 

1 
M``ullalJrd 

V 

0 a 

0 0 
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FULL-WAVE RECTIFIER 

Indirectly heated full-wave rectifier with 6.3V heater. 
EZ81 

HEATER 
V„ 
Ih

6.3 V 
1.0 A 

LIMITING VALUES 
P.LV. max. 1.3 I<V E—
ia,~,ti, max. 500 mA ~—
in,enrge, max. 1.8 A E--
V❑ x max. (cathode positive) S00 V 

Capacitor input 
I nr max, fSee rating chart 1 , 
Vtutr.m.g., max. 

R~tm min. See rating charts 2 and 3 and capacitor input 
regulation curves. 

Choke input 
I nt max. Sea rating chart 1 
V to fr.m...; max. 

L,r,in (at 50c's) See choke regulation curves 

CHARACTERISTIC 
Anode voltage drop (I,,,,, 

OPERATING CONDITIONS 
Capacitor input 

150mA) 19.8 V 

V~nir.m.s. i 2 250 2 350 2 450 V 
Rein, (per anode) 150 230 310 S? 
C 50 50 50 CAF 
h„~ 160 150 100 mA 
V mn 245 352 497 V 

Choke input 
Vtnn .n,.~., 2; 250 2 350 2 450 V 
L 10 10 10 H 
1~,,,ti 180 180 150 mA 
V,,,,r 199 288 378 V 

OPERATING NOTES 
The design of a power circuit starts with a knowledge of the output 
conditions and from this information the transformer and secondary 
or input voltage can be chosen. Reference to the rating charts 
will indicate whether a rectifier is suitable for a particular application. 

Rating chart 1 
This shows all the combinations of input voltage and output current 
considered safe for both capacitor and choke input filters. 

Rating chart 2 
This chart shows the minimum series resistor per anode necessary 
to restrict the maximum switching surge in a capacitor input filter, 
to its limiting value over the range of supply voltages. 

AUGUST 1959 (t) Page D1 



EZ81 FULL-WAVE RECTIFIER 

Rating chart 3 

This shows the relationship be[ween the maximum rectification 
efficiency and output current. 

Capacitor input filter curcuits 
Reference should be made to rating charts 2 and 3 and the regulation 
curves. The circuit is set up and the input and output voltage and 
output current are measured. If the operating conditions lie within 
the boundary lines of the regulation curves, an improvement in the 
rectification efficiency may be effected by reducing the value of 
the limiting resistance. Rating chart 2 gives the minimum value 
of the limiting resistance against open circuit secondary voltage; 
this resistance will guard against excessive switching currents. 

Comparison of the calculated rectification efficiency  
V

""c 
~-'2YV~n;r.m.s.~ 

with rating chart 3 will show whether the limiting resistance must 
be increased to lower the rectification efficiency to the area of 
safe operation. Operation within this area indicates that the 
limiting value i ;,~ Pti~ has not been exceeded. 

Choke input circuit 

Reference should be made to rating chart 1. A suitable value of 
choke can be obtained from the choke regulation curves. 

210 

o' o" 

B4A 
Novol Basc 

AUGUST 1959 (t) 

22.2mm 
max 

E 
E x 
,~ o 
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ap E 
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FULL-WAVE RECTIFIER EZ81 

400 

300 

200 

100 

O 

EZ81 2168 

O i0 20 30 Va (V) 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 
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EZ81 FULL-WAVE RECTIFIER 

Iout 
per 

anode 
(m A) 

100 

80 

60 

40 

20 

0 

EZ81 5009 

Rating chart I 

1

Boundary for operation with choke input filter 

■■■■~■■■■■Mi: 

■■■ ~■■i■■■■■N■■r//r■~■■■/■~\'' 
■■■•■■■ ■■■ ■ ~ N■p■■ '~~ 

■■ Bountltlry for operation with capacitor input fi lter 

■ ■■■■ ■ s■■■■ w■■■■ ■■ ~~ 

i■■~~ii~is■■iiii ■■ ■~■■~■ iii■■

■■■SRI■!■■■N■■ ■■■■■■
■■■■~■■~■■i11■■~I■•■■■~_■■~■ ■ 

a~\■r ■ 
\~ ■ 
~~~ 

~1~111111~® IY~i 
■ ■■■■■■■■ ■ ■s■■ ■ 

■■■ ■■ war 

ii~ii~i■ ■■~■■i■ ■■i il■w~i■ ~ 

'~ ~i~i~ ~i~'~ni~ ~ 

■ 
■ 
■ 

i 
t 
■ 

1 
s ■ 
i 

0 100 200 300 400 Vin(r.m.& (V) 

j BOUNDARY OF OPERATION WITH CAPACITOR OR 
CHOKE INPUT FILTER 
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FULL-WAVE RECTIFIER EZ81 
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EZ81 ssoi 

Rating 2 chart 

Capacitor input filter based upon ia(surge)-1'8A 

C max =50~u F 

~Vin(r. m.$) — va(surge) 
RIim= Rs+n2Rp+Rudd-

~ a(s urge) 

Rlim=Series resistance per anode. 

Rs= Resistance of the transformer secondary 
per anode. 

Rp=Resistance of the transformer primary. 

Radd=Added series resistance per anode. 

n-Secondary to primary ratio in half-wave 
circuits or half secondaryy to primary 
ratio in full-wave circuits. 

0 200 400 V in(r.m.s.) 

MINIMUM SERIES ANODE RESISTANCE PLOTTED AGAINST 
OPEN CIRCUIT SECONDARY VOLTAGE 
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EZ81 FULL-WAVE RECTIFIER 

Lout 
per 

anode 
(m A) 

80 

60 

40 

20 

5012 ersl 

I 

Area of perm~ss~ble operation 

I 

Rating chart 3 

Capacitor input filter based 
upon io(pk)=500mA 

Rectification efficiency= Vout x 100 

~Vin(c m.s.) ~ 

I 

0 20 40 60 80 100 (°l.) 
Rectification efficiency 

OUTPUT CURRENT PER ANODE PLOTTED AGAINST 
RECTIFICATION EFFICIENCY 
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FULL-WAVE RECTIFIER EZ81 

200 

0 

0 40 80 120 160 I o~t (mA) 

CAPACITOR INPUT FILTER REGULATION CURVES 
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EZ81 FULL-WAVE RECTIFIER 

Vout 
(V ) 

700 

600 

500 

400 

300 

200 

100 

EZ81 5010 
1 1 1 

Choke input filter 

3H 

40 80 120 160 Iout(m 

CHOKE INPUT FILTER REGULATION CURVES 
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HALF-WAVE RECTIFIER GY501 

E.H. T. rectifier for colour television receivers. This valve has a chemically 

treated envelope to avcid flashover under conditions of high humidity and low 

atmospheric pressure (450mm of mercury). 

HEATER 

Vh (see note 1) 3.15 V 

L 400 mA 

CAPACITANCES 

r~~ 

c
a-h+k 

OPERATING CONDITIONS 

1.2 pFE-

Iout 1.5 mA 

Vout 
25 kV 

RATINGS (DESIGN CENTRE SYSTEM) 

P.I. V. max. (see note 2) 31 kV 

Vout 
max. 25 kV 

Ia(out) 
max. 1.7 mA 

OPERATING NOTES 

1. The nominal heater voltage value applies to operation with the average 
beam current to be expected in practice. Heater voltage variations up 

to max. f15% are permitted for a nominal tube under the worst probable 

conditions. 

2. Maximum pulse duration 22% of one cyclewith a maximum of 18µs. The 
negative peak due to ringing in the line output transformer should be taken 
into account. 

3. When operated in a television receiver this valve will produce X-radia-
tion inexcess of permissible dosage and a suitable screen should be in-
corporated. 

OCTOBER 1y68 

~1 
Mallard 

V 
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OUTLINE DRAWING OF GY501 

~B9052~ 

 30.2 
max 
dia 

kh h 

a 

k,h 
k   IC 

O 
NC 03° 56 0 NC 
I C \O~i e0 / h 

k,h ~~ k,h 

B 9 D base 
without centre stem 

C.T.2 Top cap 

82.5 
max 

912 
max 

All dimensions in mm 

Pins 1, 5 and 9 maybeusedtoconnectananti-corona ring, Circuit elements 
having the same potential as the heater, eg. series resistor, may be con-

nected to pins 3 and 7. These pins must not be earthed 

Ia
(mA) 

150 

100 

50 

G Y 501 e9asa 

iy

O 
O 200 400 600 800 Va(V) 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 
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HALF-WAVE RECTIFIER GY501 

200 

750 

,00 

50 

GY501 64224 

200 400 600 Va (V) 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 

MAY 1965 Page C1 





FULL-WAVE RECTIFIER 

Indirectly heated full-wave rectifier primarily 
intended for use in a.c. mains operated equipment. 

GZ34 

HEATER 
Vn
I t, 

5.0 
1.9 

V 
A 

LIMITING VALUES 

P.I.V. max. 1.5 kV 

iuruk~ max. 750 mA 

C max. 60 uF 

Vair.m.s,~ 2X300 2X350 2X400 2X450 2X500 2X550 V 

Capacitor input 

I~,,,1 max. 250 250 250 250 200 160 mA 
R un, min. 
(per anode) 50 75 100 125 150 175 S2 

Choke input 

I~„~ max. 250 250 250 250 250 225 mA 
Rl ~u, min. 

(per anode) 0 0 0 0 0 0 S2 

TYPICAL OPERATING CONDITIONS 

Capacitor input 

Vap~. m.s.~ lout C Rlim Vout 

(per anode) 
(V) (mA) (µF) (S2) (V) 

2 x 300 250 60 75 330 
2 x 350 250 60 100 380 
2 x 400 250 60 125 430 
2 x 450 250 60 150 480 
2 x 500 200 60 175 560 
2 x 550 160 60 200 640 

Choke input 

Va~r. m.s., 

(V) 

lout 

(mA) 
2 x 300 250 
2 x 350 250 
2 x 400 250 
2 x 450 250 
2 x 500 250 
2 x 550 225 

ISSUE 2 

~ 

(H) 
10 
10 
10 
10 
10 
10 

Rum 

(per anode) 
Vout 

(S2) (V) 
0 250 
0 290 
0 330 
0 375 
0 420 
0 465 

GZ34 558-1 
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GZ34 FULL-WAVE RECTIFIER 

Indirectly heated full-wave rectifier primarily 
intended for use in a.c. mains operated equipment. 

5305 

a~ NP 

IC h,k 

Octal Base 

ISSUE 2 
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38mm 
~ max ~ 
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FULL-WAVE RECTIFIER 

Indirectly heated full-wave rectifier primarily 
intended for use in a.c. mains operated equipment. 

GZ34 

Ia
(mA) 

800 

600 

400 

200 

O 

GZ34 4933 

r  10 20 30 Va(V) 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 

ISSUE 2 
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GZ34 FULL-WAVE RECTIFIER 

Indirectly heated full-wave rectifier primarily 
intended for use in a.c. mains operated equipment. 
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BOUNDARY OF OPERATION WITH CAPACITOR OR CHOKE INPUT FILTER 
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FULL-WAVE RECTIFIER 

Indirectly heated full-wave rectifier primarily 
intended for use in a.c. mains operated equipment. 

GZ34 

Vout 
(V) 

GZ34 4935 

Capacitor input filter 

L 
o~~ C-60uF 

~SJo2
+S
SO

700 

L 

RIim=2 x 200f1 
?k

L 

600 

2,~. 

450 2x175(1 

500 

2xI50n 

2x 125R 

400 

300 

0~ 2 x 100 fl 

2x7551 

0 100 200 300I out~mA) 

CAPACITOR INPUT FILTER REGULATION CURVES 

Mullard 
ISSUE 2 GZ34 558-5 



GZ34 FULL-WAVE RECTIFIER 

Indirectly heated full-wave rectifier primarily 
intended for use in a.c. mains operated equipment. 

Vout 
(V) 

i 

600 

s00 

400 

300 

200 

GZ34 4936 

Choke input filter 

— L= 40H 
--- L=10H 

l`~\\

~~~ Vo(rms)=2x560V 
_~\~`n~_~_~--

` \ `i=~ 

~~-~ _■_ z x soo 
:~~~+~n~ 

  ~~i := 
2x 460V 

2x 400V 

2x350V 

2x300V 

Rlim - 0n 
zxson 
zxloon 

on 
2xsOn 
2 x I00 (1 

on 
2x50n 
2x100n 

on 
zxson 
zxloon 
on 
zxsoll 
zxloon 

i 

On 

2x50n 
2xI00R 

O 100 200 300Iout(mA) 

CHOKE INPUT FILTER REGULATION CURVES 
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U.H.F. TRIODE 

Frame-grid triode for use as grounded-grid amp-

lifier or self -oscillating mixer in Bands IV and V. 

HEATER 

Ih

Vh

CAPACITANCES 

Unshielded 

ca
-g 

ca-k 

ca-k+h 

ca-g+h 
c 
g -k 

cg - k (Ia = 12mA) 

cg-k+h 
c 
g -h 

ck-g+h 

Shielded 

ch+k-g+s 

ca-g+s 

ca-k+h 

CHARACTERISTICS 

PC86 

300 mA 

4,0 VE—' 

2.2 pF 

240 mpF 

350 mpF 

2,3 pF 

3.5 pF 

5.6 pF 

3.8 pF 

300 mpF 

6.3 pF 

4.1 pF 

3.3 pF 

300 mpF 

Va 175 V 

V -1.5 V 
g 

I 12 mA a 
gm 14 mA/V 

ra 4.85 ]dt 

µ 68 

ReQ 230 52 

APRIL 1965 

r~ 
Mallard 

V 
Page D1 



OPERATING CONDITIONS 

As grounded-grid amplifier 

V 
a 

I a 
Rk

gm 

As self -oscillating mixer 

Va 
@) 

R a 
R 

g 
I a 
I 
g 

°osc (r.m.s.) 

gc 

DESIGN CENTRE RATINGS 

X841871 

Va ~) max. 

V max. 
a 

pa max. 

Ik max. 

-V max. 
g 

Rg-g max. 

Vh-g max. 

a 

kh h 

h 

a a 

175 V 

12 mA 

125 SZ 

14 mA/V 

220 V 

5.6 kSt 

47 1c52 

12 mA 

50 µA 

2.5 V 

5.5 mA/V 

550 V 

220 V 

2.2 W 

20 mA 

50 V 

1.0 MS2 

100 V 

~-22 2max 

k 
x 0 
1= 

9 m 
v 

89A Base 

All dimension

/

s i

n

n mm J 

x 
0 

IAPRIL 1965 
Mullard 

Pale D2 



U.H.F. TRIODE PC86 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH CONTROL-GRID 
VOLTAGE AS PARAMETER. 
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MUTUAL CONDUCTANCE, AMPLIFICATION FACTOR AND ANODE IMPEDANCE 
PLOTTED AGAINST ANODE CURRENT. Va = 175 V 
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U.H.F. TRIODE 
Frame-grid triode for use es grounded-grid amplifier 
in Bands IV and V. 

PC88 

HEATER 
ih
Vh

300 mA 
3.8 V 

CAPACITANCES (measured with close fitting shield connected to the grid) 

~h+k—g+s 

~a—g+s 

~a—k+h 

~a—g 

3.8 pF 
1.7 pF 

55 mpF 

Unshielded 
1.2 pF 

CHARACTERISTICS 
Va 160 V 
la 12.5 mA 
Vg —1.25 V 
$m 13.5 mA/V 
ra 4.8 kS2 
µ 65 

Reu 240 S2 

OPERATING CONDITIONS 
~ Va 1b0 V 

Rk 100 S2 
la 12.5 mA 
g=„ 13.5 mA/V 
ra 4.8 kS2 
µ 65 
Noise factor 10 d6 

DESIGN CENTRE RATINGS " 

Vaib) max. 550 V 
Va max. 175 V 
pa max. 2.0 W 
I k max. 13 mA 

—Vg max. 50 V 
Rg_k max. 1.0 MS2 
Vh_k max. 100 V 

JULY 1963 

~( 1 
M`a`lla/Jrd 

V 
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PC88 U.H.F. TRIADE 

a 

kh h 

h 
h ~ 

9 ° o
0 0 

0 0 
k~ 0 0 

9 

B9A Base 

All dimensions in mm 

JULY 1963 

V l7 
M`u`llalJrd 

V 

22 2max—i 

x 

E 
M 
v 

0 
E 
0 

18371 
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U.H.F. TRIODE PC88 

e,s~ 
PC88 

Va -160V 

)a
(m A) 

40 

30 

20 

10 

O 

V9 (V) —3 —2 0 

ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE 

JULY 1963 Pase C1 



PC88 U.H.F. TRIODE 

0 
N 

0 0 
N 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH GRID 
VOLTAGE AS PARAMETER 

J U L`1 1963 Page C2 



µ 

r a

OPERATING CONDITIONS 

Vb

1 

200 

2 

200 

Ra 5.6 5.6 

Rk 0 87 

I a 16.5 11.5 

Ig 20 0 

Vg -0.5 1.0 

g 
m 20 14.5 

µ 84 76 

Vgforl0: 1 reductioningm -3.2 -3.8 

Vg for 100: 1 reduction in gm -7.7 -8.3 

R.F. TRIODE PC9~0 

Triode with low anode-to-grid capacitance intended for use as an r.f. amplifier 

in v.h.f. television receivers. 

HEATER 

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

Ih 300 

Vh 3.9 

CAPACITANCES (with external shield) 

ca
-g 

350 

ca-k+h+s 3.0 

cg-k+h+s 4.5 

c a-k 80 

c g-k 3.3 

c g-h 

ck-h 

CHARACTERISTICS 

mA 

V~ 

mpF 

pF 

pF 

mpF 

pF 

C70 mpF 

2.3 pF 

Va 135 V 

Ia 11,5 mA 

Vg -1.0 V 

gm 14.5 mA/V 

76 E-

5.25 kS2F-

3 

135 V 

1.5 kS2<—

0 SZE—

16.5 mA<—

20 µAF 

-0.5 V 

20 mA/V 

84 E—

-2.3 VF 

-5.3 V F 

DECEMBER 1965 

>l 
Ml~ullalJrd

V 
Page Dl 



RATINGS (DESIGN CENTRE SYSTEM) 

Va(h) 
max. 550 V 

Va max. 200 V 

pa max. 2,2 W 

Ik max. 20 mA 

-V max. 50 V 
g 

Rg-k max. 1 .0 M52 

R max.(a.g.c. circuits) 3.0 MS2 

*Vh k
-k max. 100 V 

*To fulfil modulation hum requirement, Vh-k should not exceed 55V r.m.s. E-

84370 

kh h 

h 

87G Bas¢ 

All dim¢nsions in mm 

DECEMBER 1965 

~1 
(M`~ullalJrd 

V 

---19 max—. 

N K 

r d 
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R.F. TRIODE PC900 

10a _ 

ra 

(kfl)' 

103

702

10 

PC 900 eaasa 102
lul l 

Va =135V 

VS=OV 

ra 

9m 

Ia

1 
-8.O Vg (V) -6.O -40 -20 V9 (V)O 

Ia(mA) 

gm(mA/V) 

10 

1.O 

01 

O.01 

ANODE CURRENT, MUTUAL CONDUCTANCE AND ANODE 

IMPEDANCE PLOTTED AGAINST GRID VOLTAGE 

DECEN_BER 1965 Page C1 



PC 900 84365 

■■ ■■■■■■■■■■■■ V =0  ■■■■■■■■■■■■■■■ 

liilli111111111111111i1111111111Y 
gm -20 mA/V 

18mA/V ~, I' ,  ' 

"'  ~I"~'  

N"'18mA/V

~~i~~"'~'~ 

111111111111111 II~Ii11► ~I I;UIII 
V■■■■ ■■■■■■■■■■■■■■■ ■■Ii~~1~~~~® 
■■■■■■■■■■■■■■■■■■■■ tOmA/V ~l■~~~~i■1~~~■~■■ 

~1 8mA/V I ", '', 

6mA/V /  ' I'  ~'►''~~  i1 
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-7.0 - 6.0 - 5.0 -40 -30 - 2.O -1.0 Vg (V) 
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(mA) 

20 

15 

,~ 

5.0 

0 

ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE WITH ANODE 

VOLTAGE AND MUTUAL CONDUCTANCE AS PARAMETERS 
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R.F. TRIODE PC900 

PC900 84646 

1 Vb =200V; R a =5 6kC~ 

2 Vb=200V;Ra =56kf); Rk=87f1 

3 Vb =135 V;RQ =15kf1 

~I i ii 
1 

2 3 

-10 V9 (V) -8 -6 -4 -2 

ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE 

DECEMBER 1965 

~~ 
Mullard

V 

102

Ia

(m A) 

10 

1.0 

01 

O.01 
0 

Page C3 



~ ~~~■ ~ ■C 
■■■■■~ PC 900 1~~~ ~~♦♦♦t~1~~t~e4a~a 

~ ~ ~~ , Vb =200V; R 7=5 6k C) IIIIIIIINII 
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R.F. TRIODE PC900 

103

Vin 
(mV r.msJ 

102

Vb-135V 

Ra=15kI1 

K -1'A 

B135Y 

10~ ~ 

103

Vin 
(m V r.m.s.) 

102

102 103 104 gm (NA V) 105

Vb= 200V 

Ra 56k11 

K=1°/. 

10'  
10~ 102

CROSS; i~ODULA'i'ION CITRI7E 

DECEMBER 1965 

104 9m (NA/Y) 105
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R. F. DOUBLE TRIODE PCC85 

Double triode primarily intended for use as an oscillator and mixer at 

frequencies up to 200Mc/s in television receivers. 

HEATER 

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

Ih 300 mA 

Vh 9.0 V 

For characteristics, operating conditions and limiting values see type UCC85. 

84669 

d' S Qii 

k' h h k~~ 

9 u 

B9A Bas¢ 

All dim¢nsions in mm 

 22 
max 

55 6 
max 

The triode on pins 6, 7 and 8 should be used as the r. f, amplifier and that 
on pins 1, 2 and 3 as the self-oscillating additive mixer. 

DECEMBER 1965 

—~ 
(M``ulla/Jtd 

V 
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R.F. DOUBLE TRIODE 
Variable-mu frame grid double triode primarily intended 
for use as a cascode amplifier at frequencies up to 220Mc/s 
in television receivers with series connected heaters. 

HEATER 

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

PCC89 

In 300 mA 

Vh 7.5 VF-

CAPACITANCES (measured with an external shield) 

Ca •- a^ 

Cg•- a^ 

Grounded cathode section 

Ca'-g• 

Cg'-k'+h+g"+s 

Ca'-k'+h+g'+s 

Cg'- h 

Grounded grid section 

ca•_g" 

Ca'-k' 

Ck"-g'+h+s 

Ca'-g'+h+s 

ck•-n 

CHARACTERISTICS (each section) 

<15 mpF 

<5 mpF 

1.9 pF 

3.8 pF 

2.5 pF 

<300 mpF 

4.1 pF 

<200 mpF 

6.3 pF 

4.5 pF 

2.9 pF 

Va 90 V 

la 15 mA 

Vg -1.2 V 
gm 12.3 mAIV 

ra 2.9 kS2 

µ 36 

MARCH 1961 (i) PaQa D1 



PCC89 

Fig. l 

CHARACTERISTICS (cascode—see Fig. 1) 

Vn

Ia

$m 

*Vo• 

Noise factor 

*For 100 : 1 reduction in cascode slope. 

MARCH 1961 (1) 

R.F. DOUBLE TRIODE 

~ lead—through 

T capacitor 

5283 

180 V 

15 mA 

12 mA!V 

—9.0 V 

5.5 d6 
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R.F. DOUBLE TRIODE PCC89 

vg

C✓<u~t B 

OPERATING CONDITIONS E—

Condition 
Circuit 
Vh

1 2 3 4 
A A A A 
190 190 190 190 V 

Ra- 1.5 3.3 3.9 3.9 kS2 
Rg-_a• 100 100 100 100 kS2 
R~--e 100 100 100 100 kSZ 
R~•_e — 470 470 470 kS2 
R~-_g• — — 22 15 MS2 
Rk• 68 0 0 0 S2 
la 15 14.8 14.7 14.9 mA 
g,,, 13 14.4 14.7 14.8 mA/V 
V~ for 100: 1 

reduction in g,,, —9.3 —9.0 —11 —12 V 

Condition 5 6 7 8 9 
Circuit A A A B B 
V~, 190 190 190 190 190 V 
R~~- 3.9 3.9 4.7 1.5 3.3 kS2 
R~~_a. 100 100 100 — — kS2 
R~~_~ 100 100 100 — — k4 
Re._k. — — — — 470 kS2 
Rk- 0 0 0 68 0 S2 
Rg•_ Q 470 470 470 470 470 kS2 
R~•_g• — 10 — — — MS2 
R~•—a- 22 — 15 — — MS2 
Rk• 0 0 0 68 0 4 
la 15 15.1 14 15 14.4 mA 
gm 14.9 15 14.7 13 14.3 mA/V 
V~ for 100: 1 

reduction in g,,, —12.5 —13.5 —15 —16.5 —16 V 

The gain; slope ratio depends upon the circuit and will differ at high and 
low frequencies. 

SEPTEMBER 1960 (1) Page D3 



PCC89 R.F. DOUBLE TRIODE 

LIMITING VALUES (each section, unless otherwise stated) 

Va max. 130 V 
pa max. 1.8 W 
I k max. 18 mA f --

-Vg max. 50 V 

Rg -_~~- max. 1.0 M4 

Rg•_k• max. 500 k4 

Vh_k• max. (cathode positive) 200 V F-

20 kS2 Rh_k max. 

To fulfil hum requirements, V~,_k - must be less than 50Vr,,,.,. 

a~ a° 

k~ h h k~~ 

4 473 

a" 

g°,s 

g~~,s 

h 

k" a' 

89A Base 

k' rn o 
v~ 

k' 

All dimensions in mm 

1

222 
mox 

The triode on pins 6, 7, 8 and 9 should have the grounded cathode connec-
tion, and that on pins 1, 2 and 3 should have the grounded grid connection. 
It is recommended that pins 7 and 8 be strapped. 

SEPTEMBER 1960 (1) Page D4 



R.F. DOUBLE TRfODE 

5475 PCC89 

1 1 1 1 1 1 1

Each section 

1 1 1 1 1 1

ra

Va=90V 

Ia 

PCC89 

9m 

V91(V) -8 -6 -4 -2 0 

Ia

(m A) 
gm 

(mA/V) 
ra

(k12) 

30 

25 

20 

15 

10 

5 

O 

ANODE CURRENT, MUTUAL CONDUCTANCE AND ANODE IMPEDANCE 
PLOTTED AGAINST GRID VOLTAGE 

FEBRUARY 1959 (1) 



PCC89 R.F. DOUBLE TRIODE 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH GRID 
VOLTAGE AS PARAMETER 
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R.F. DOUBLE TRIODE 

8, 

PCC89 

9 7 6 5 4 3 2 

B 3064 

V9 (V) -30 -20 -10 0 

10 

30 

I.0 

03 

O•I 

O.03 

O.O I 

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE 
UNDER CONDITIONS 1 to 9 (See page D3) 
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PCC89 R.F. DOUBLE TRIODE 

6514 PCC89 

8, 9 7 6 54 3 1,2 

9m 
(mA/V) 

20 

10 

60 

2.0 

10 

O6 

02 

01 

O 06 

0.02 

V9 (V) -IS -10 -5 0 

MUTUAL CONDUCTANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE 
UNDER CONDITIONS 1 to 9 (See page D3) 

JULY 19N 
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V.H.F. DOUBLE TRIODE 

Variable-mu, iow noise v.h.f. frame grid double triode 
with high mutual conductance for use as a cascode 
nmplifer. 

PCC189 

HEATER 

CAPACITANCES Shielded 

c,, _;,• <15 
c~ _;,- < 4.0 

Grounded cathode section 
Ca•—k~ 1.9 
fig'—k'+h+s 3.5 

2.3 

~B' — It < 280 

Grounded grid section 
Ca"—g" 1.9 
~k"—g"i~h+s 6.0 
~a"—g"+h+s 4.0 
~k"—h 3.0 
Ca•_k^ 170 

CHARACTERISTICS (each section) 
V;, 
V„ lyn 

g ~„ 
r„ 
u 

Vk (for 20: 1 reduction in g,,,) 
V~ (for 100: 1 reduction in g,,,) 

DESIGN CENTRE RATINGS (each section) 
V;,~,„ max. 
V„ max. 
p;, max. 
I ti max. 

—V., max. 
R_.•_i; max. 
R~•• i; max. 
Vi, i; max. 
Vi, i;•• max. (cathode positive) 
R,, i; max. 

SEPTEMBER 7962 

300 mA 
7.6 V 

Unshielded 

< 45 mpF 
< 4.0 mpF 

1.9 pF 
3.5 pF 
1.7 pF 

< 280 mpF 

1.9 pF 
6.0 pF 
3.4 pF 
3.0 pF 

180 mpF 

90 V 
—1.4 V 
15 mA 
12.5 mAjV 
2.5 kS? 
34 
—5.0 V 
'-9.0 V 

550 V 
130 V 

1.8 W 
22 mA 
50 V 
1.0 MS2 

500 kS2 
80 V 

'i 80 V 
20 kS2 

Pase Dt 



PCC189 V.H.F. DOUBLE TRIODE 

NOTE 

In order not to exceed the maximum permissible anode voltage when the 

cascode amplifier is controlled, it is necessary to use a voltage divider 

for the grid of the grounded grid section. 

5242 

h 
h a' 

a" s 

S9A Bcse 

The triode on pins 5, 7, S, should have the grounded cathode connection 
and that on pins 1, 2, 3., should have the grounded grid connection. 
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Y.H.F. DOUBLE TKIODE PCC189 

9509 PCC189 
I I

V,=90V 
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ANODE CURRENT AND MUTUAL CONDUCTANCE PLGTTED AGAWST 
GRID VOLTAGE 
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PCC189 V.H.F. DOUBLE TRIODE 
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V.H.F. DOUBLE TRIODE 
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TRIODE PENTODE 
Combined triode and high slope r.f. pentode with 
separate cathodes. Primarily designed for use as a 
frequency changer at frequencies up to 220Mc~s in 
television equipment with series connected heaters. 

PCF80 

HEATER 

Suitable for series operation, a.c. or d.c. 
I❑ 300 mA 
Vh 9.0 V 

MOUNTING POSITION Any 

CAPACITANCES (measured without external shield) 

cap_ac <0.06 pF 
cap_gt <0.02 pF 
ceP_at <0.16 pF 
cgp_gt <0.02 pF 

Pentode section 

ctn 5.5 pF 
cost 3.8 pF 

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

Triode section 
Cg_k+h 
~a—ki-h 
ca_~ 

CHARACTERISTICS 
Pentode section 

V„ 
V_~ 
I;, 
V ~, 
I~, 
$m 

~-~R L-4! 

ra 

R~,t

Triode section 
V;, 
I;~ 
V~ 
gnu 
V. 

r, 

ISSUE 3 

2.5 pF 
1.8 pF 
1.5 pF 

170 V 
170 V 
10 mA 
—2.0 V 

2.8 mA 
6.2 mA;'V 

47 
400 k52 
10 kS2 
1.5 kS2 

100 V 
14 mA 
—2.0 V 

5.0 mA'V 
20 
4.0 k!2 

PCF80 357-7 



PCF80 TRIODE PENTODE 
Combined triode and high slope r.f. pentode with 
separate cathodes. Primarily designed for use as a 
frequency changer at frequencies up to 220Mcrs in 

television equipment with series connected heaters. 

TYPICAL OPERATING CONDITIONS 
As a frequency changer 

V;, 170 170 V 
Vr_ 170 170 V 
R,~, 100 100 kSZ 
R ti 820 0 S2 
I;~ 5.2 6.3 mA 
IgZ 1.5 2.5 mA 
Voacp•.m.s.~ 3.5 4.0 V 
Igl 0 53 uA 
g~ 2.1 2.05 mAIV 
ra 870 720 kS2 

LIMITING VALUES 
Pentode section 

V„I~,~ max. 550 V 
V;, max. 250 V 
p;, max. 1.7 W 
V~21„~ max. 550 V 
V~, max. (Ik <10mA) 200 V 
VR~ max. (Ik >10mA) 175 V 
pez max. (p~<1.2W) 750 mWF-
pgz max. (pa>1.2W) 500 mWF-
I k max. 17 mAF—
V61 max. (Ig,=+0.3~~A) -1.3 V 
Re,_ x max. (cathode bias) 1.0 MS2 
RK, ~; max. (fixed bias) 500 k4 

*Vh k max. (cathode positive) 225 VF-
Vh _~; max. (cathode negative) 100 VF 

*Max. d.c. component 150V 

Triode section 
Vain , max. 550 V 
Va max. 250 V 
p;; max. 1.5 W 
I k max. 17 mA~ 

tix«,x~ max. 200 mA 
R~_ k max. 500 k52 
Ve max. (1~,=0.3µA) -1.3 V 

-vg;x,~; ~ max. 350 VF 
*Vh_k max. (cathode positive) 225 VF 

Vh_ k max. (cathode negative) 100 VE—

"Max. d.c. component 150V 
tMax. pulse duration 2001As e--

OPERATING NOTE 
It is anticipated that variations in heater-to-cathode capacitance may 
render this 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 3 PCF80 357-2 



TRIODE PENTODE 
Combined triode and high slope r.f. pentode with 
separate cathodes. Primarily designed for use as a 
frequency changer at frequencies up to 220Mc/s in 
television equipment with series connected heaters. 

/'~1 

PCF80 

~~ 

~\ 

_ 3222 
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op at 
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kD•93 5 h h kt 

9t 

h 
h ap 

at gt 
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Mullard 
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kt 
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PCF80 TRIODE PENTODE 

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

television equipment with series connected heaters. 
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TRIODE PENTODE 
Combined triode and high slope r. f. pentode with 
separate cathodes. Primarily designed for use as a 
frequency changer at frequencies up to 220Mc~s in 
television equipment with series connected heaters. 

PCF80 

3701 PCF80 

I I I I 
Pentode section 

I l l l l l l l
Vo = V92 =170V 

Vgl(V~ -8 

9m 

b

Io

I 9m 
~mAxtnA/V~ 
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-6 -4 -2 O 

ANODE AND SCREEN-GRID CURRENTS AND MUTUAL CONDUCTANCE 
PLOTTED AGAINST CONTROL-GRID VOLTAGE OF PENTODE SECTION. 

Va = Vg2 = 170V 

M`yullalrJd
V 
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PCF80 TRIODE PENTODE 
Combined triode and high slope r. f. pentode with 
separate cathodes. Primarily designed for use as a 
frequency changer at frequencies up to 220Mc~s in 

television equipment with series connected heaters. 
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TRIODE PENTODE 
Combined triode and high slope r.( pentode with 
separate cathodes. Primarily designed for use as a 
frequency changer at frequencies up to 220Mc/s in 
television equipment with series connected heaters. 

PCF80 

PCF80 3198 
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TRIODE SECTION FOR VARIOUS VALUES OF ANODE VOLTAGE 

ISSUE 3 PCF80 357-7 



PCF80 TRIODE PENTODE 
Combined triode and high slope r.f. pentode with 
separate cathodes. Primarily designed for use as a 
frequency changer at frequencies up to 220Mc/s in 

teleKision equipment with series connected heaters. 
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TRIODE PENTODE 
Combined triode and high slope r.f. pentode with 
separate cathodes. Primarily designed for use as a 
frequency changer at frequencies up to 220Mc~s in 
television equipment with series connected heaters. 

PCF80 
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PCF80 TRIODE PENTODE 
Combined triode and high slope r.f pentode with 
separate cathodes. Primarily designed for use as a 
frequency changer at frequencies up to 220Mc,~s in 

television equipment with series connected heaters. 
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TRIODE PENTODE 
Combined triode and high slope r.f. pentode with 
separate cathodes. Primarily designed for use as a 
frequency changer at frequencies up to 220Mc~s in 
television equipment with series connected heaters. 
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TRIODE PENTODE 

Combined triode and high slope frame grid r.f. 
pentode for use as a frequency changer of fre-
quencies up to 220Mc1s in television tuners. 

PCF86 

HEATER 

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

Ih 300 mA 
Vh 8.0 V 

CAPACITANCES (measured without an external shield) 

ca~~-at 125 

can-gt 14 
cgs-at <10 
cgi-gt G10 

mpFE-
mpF 
mpF 
mpF 

Pentode section 

ca_gl 12 mpF 

cgs-ga 1.7 pF 
c,n 5.8 pFE—
co„t 3.5 pF 

Triode section 

~g-k+h 2.4 pF 

ca-k+n 1.1 pF 
ca-g 2.0 pF 

CHARACTERISTICS 

Pentode section 

Va 170 V 

Vg2 150 V 
la 10 mA 
Ig2 3.3 mA 
gm 12 mA/V 
ra > 350 kit 
µgi-gz 70 
Vgi -1.2 V 
Req 1.0 kS2 

Triode section 

Va 100 V 
la 14 mA 
$m 5.7 mA/VF 

Ez 17 
Vg -3.0 V 

JUNE 1963 Page D1 



PCF86 TRIODE PENTODE 

OPERATING CONDITIONS AS A FRE6lUENCY CHANGER 

Pentode section 
Va 190 V 
V621b) 190 V 
Rg2 18 kS2 
Rg1 100 kit 
Ia 8.5 mA 
1~2 2.7 mA 

Vo~clr.m.a.l 2.3 V 
g~, 4.5 mA/V 

LIMITING VALUES 

Pentode section 
Va max. 250 V 
pa max. 2.0 W 
Vg2 max. 150 V 
pg2 max. 500 mW 
Ik max. 18 mA 
R~L _ k max. 250 kit 

92 
91 

Triode section 
V~ max. 
pa max. 
I k max. 
Rg_k max. 

*Vh_k max. 

125 V 
1.5 W 

1 S mA 
500 kS2 
100 V 

*To fulfil hum requirements on a.m. sound, it will be necessary for Vh. ~; to 
be less than 50V,..,,,.,. for intercarrier receivers Vh- k should not exceed 
75Vr.m.~. 

°p of 

k+93+s 

h 

B 9A Base 
All dimensions In mm 
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TRIODE PENTODE 
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PCF86 TRIODE PENTODE 
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TRIODE PENTODE PCF86 
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PCF86 TRIODE PENTODE 

7768 
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TRIODE PENTODE PCF86 
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PCF86 TRIODE PENTODE 
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TRfODE PENTODE PCF86 
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TRIODE PENTODE PCF801 

Combined triode and frame-grid, variable-mu pentode for use 

as a frequency changer and i.f. amplifier at frequencies up to 

200Mc/s in television receivers. 

HEATER 

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

Ea 300 mA 

Vh 8.5 V 

CAPACITANCES (shielded) 

cap-at < 25 mpF 

cap-gt < 10 mpF 

cgl-at < 10 mpF 

cgl-gt < 10 mpF 

Pentode section 

ca-gl 9.0 mpF 

ca-gl max. 12 mpF 

cgl-g2 1.6 pF 

tin 6.2 pF 

Gout 3.7 pF 

Triode section 

ca-g 1.8 pF 

tin 3.3 pF 

tout 1.7 pF 

CHARACTERISTIC S 

Pentode section 

V a 170 V 

Vg2 120 V 

Ia 10 mA 

Ig2 3.0 mA 

Vgl - 1.4 V 

gm 11 mA/V 

ra > 350 1sS2 

µ gl -g2 55 

Req 1, 5 kS2 
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Triode section 

Va 

Ia 

Vg

gm 
µ 

OPERATING CONDITIONS AS FREQUENCY CHANGER 

100 

15 

- 3, 0 

9,0 

20 

V 

mA 

V 

mA/V 

Pentode section 

Vb 200 200 V 

Ra 2.7 4.7 16Z 

Rg2 27 27 162 

Rgl 0.1 1,0 M52 

Ia 10 9.3 mA 

Ig2 3.0 2.9 mA 

Igl 8.0 2.3 µA 

Vgl - 1.4 * V 

Vosc (r.m.s.) 1.6 1.6 V 

gc 5.0 4.7 mA/V 

* With grid current bias. 

OPERATING CONDITIONS AS L F. AMPLIFIER 

Pentode section 

Vb 

Ra 

Rg2 

Rgl 

Ia 

Ig2 

Vgl 

gm 

Vgl for 100 : 1 reduction in gm 

Rin (f = 50 Mc/s) 

* With grid current bias. 

OPERATINTG CONDITIONS AS OSCILLATOR 

Triode section 

V a 

Ra 

MARCH 1964 

200 200 V 

2.7 4.7 162 

27 27 162 

0.1 1.0 MSt 

10 13 mA 

3.0 3.9 mA 

- 1.4 * V 

11 14.5 mA/V 

- 12 V 

10 10 162 

200 200 V 

d . 2 12 itiZ 
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TRIODE PENTODE PCF801 

Rg 10 10 k52 

Vosc 4.5 3.3 Vr.m.s. 

Ia 16 12 mA 

gm 3.7 3.7 mA/V 

DESIGN CENTRE RATINGS 

Pentode section 

Va(b) max. 550 V 

Va max. 250 V 

pa max. 2.0 W 

Vg2(b) max. 550 V 

Vg2 max. 250 V 

pg2 max, see page C4 

Ik max. 18 mA 

- Vgl max. 50 V 

Rgl-k max. 1.0 M52 

Triode section 

Va(b) max. 

pa max. 

Ik max. 

- Vg max. 

Rg-k max. 

* Vh-k max. 

550 V 

1.5 W 

20 mA 

50 V 

500 kSZ 

100 V 

* To fulfil hum requirements on a.m. sound, it will be necessary for Vh-k to 

be less than 50Vr.m.s. 

h 

69A Base 
All dimensions in mm 

i9B23~ 

MARCH 1964 
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TRIODE PENTODE PCF801 

PCF801 

Va=170V 

 J 
O 

 ~O 

~Ary

B 176 

0 
v, 

20 Vgl (V) 15 10 5 

100 
IQ 

(m A) 

20 

10 

5 

2 

 0.5 

02 

  0•I 
0 

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH 
SCREEN-GRID VOLTAGE AS PARAMETER Va = 170V 
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SCREEN-GRID CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH 

SCREEN-GRID VOLTAGE AS PARAMETER Va = 170V 
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TRIODE PENTODE PCF801 

20 Vgl (V) -15 

PCF801 

Va=170V 

-10 
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B 1767 100 

gm 

(mA/V) 

20 

10 
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  0•I 
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MUTUAL CONDUCTANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH 

SCREEN -GRID AS PARAMETER, Va= 170V. 
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VOLTAGE WITH CONTROL-GRID VOLTAGE AS PARAMETER (Vg2 = 120 V) 
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ANODE AND SCREEN-GRID CURRENTS, MUTUAL CONDUCTANCE AND ANODE 

IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. 
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TRIODE PENTODE PCF80 I 
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PCF801 
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Ia Vba 200V 
ra 2.7k11 

Vbgz 200V 
rgz 27kf1 
rgi 0•IMtl 
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Igz 

3 Vosc(V,rms) 
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PERFORMANCE CURVES FOR USE AS A FREQUENCY CHANGER. 
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TRIODE PENTODE PCF8dl 

PC F801 
81098 

Triode section 
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ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE WITH ANODE VOLTAGE 
AS PARAMETERS. TRIODE SECTION. 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH GRID VOLTAGE 

AS PARAMETERS. TRIODE SECTION. 
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TRIODE PENTODE PCF801 
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ANODE IMPEDANCE, MUTUAL CONDUCTANCE, GRID VOLTAGE AND 
AMPLIFICATION FACTOR PLOTTED AGAINST ANODE CURRENT. Va = 100V . 

TRIODE SECTION. 
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TRIODE PENTODE 

HEATER 

PCF802 

Triode pentode for use in line oscillator circuits, the 

pentode section as an oscillator and the triode section as 

a reactance valve. 

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

Ih 300 mA 

Vh 9.0 V 

CAPACITANCES 

Pentode section 

ca-gl 60 mpF 

cgl-h < 100 mpF 

cin 5,4 pF 

Triode section 

ca-g 1.5 pF 

cg-h < 100 mpF 

cin 2.4 pF 

CHARACTERISTIC S 

Pentode section 

Va 100 V 

Vg2 100 V 

Ia 6.0 mA 

Ig2 1.7 mA 

Vgl _ 1.0 V 

gm 5.5 mA/V 

µ gl -g2 47 

ra 400 ]dl 

Ia (Vgl = OV) 12.5 mA 

Ig2 (Vgl = OV) 3.5 mA 

OCTOBER 1963 
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- Vgl (Va =Vg2 = 200V, Ia = 10µA) < 16 V 

- Vgl max. (Igl = +0.3µA) - 1.3 V 

Triode section 

Va 200 V 

Ia 3.5 mA 

Vg - 2.0 V 

gm 3.5 mA/V 

µ 70 

ra 20 Id2 

Ia (Ig=+10µA, Va = 200V) 

-Vg max. (Ig = +0.3µA ) 

DESIGN CENTRE RATINGS 

Pentode section 

10 mA 

- 1.3 V 

Va(b) max. 550 V 

Va max. 250 V 

pa max. 1.2 W 

Vg2(b) max. 550 V 

Vg2 max. 250 V 

pg2 max. 800 mW 

Ik max. 15 mA 

* ik(pk) max. 50 mA 

Rgl-k max. 560 kS2 

* Duty factor max. = 30%, tp max. = 30µs 

Triode section 

Va(b) max. 550 V 

Va max. 1.4 W 

Ik max. 10 mA 

Rg-k max. 3.0 MS2 

* Vh-k max. 100 V 
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TRIODE PENTODE PCF802 
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TRIODE PENTODE PCf802 
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ANODE AND SCREEN-GRID CURRENTS PLOTTED AGAINST ANODE VOLTAGE 

WITH CONTROL-GRID VOLTAGE AS PARAMETER. Vg2 = 100V 
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B937 PCF802 

I. Vg ~ Vgz= 200 V 
2 Va = Vgz= 150V 
3. Va =Vgz =100V 
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TRIODE PENTODE 

Combined triode and high slope frame grid r. f. 
pentode for use as a frequency changer at frequen-
cies up to 220Mcjs in television tuners. 

PCF806 

HEATER 

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

Ih
Vh

CAPACITANCES (measured without an external shield) 

dap-at 

~aP-gt 

cgl-at 
cgl_gt

Pentode section 

~a-gl 

~gl-g2 

din 

couc 

Triode section 

~g-k+h 

~a-k+h 

~a-g 

CHARACTERISTICS 

300 mA 
8.0 V 

<30 mpF 
<10 mpF 
<10 mpF 
<10 mpF 

12 mpF 
1.6 pF F--
6.0 p F 
3.3 pFF-

2.2 pFE--
1.2 pF<-
2.0 pF 

Pentode section 

Va 170 V 
Vgz 150 V 
la 10 mA 
Igz 3.3 mA 
ga, 12 mA/V 
r a > 350 kS2 
µg1-gz 70 
Vgl -1.2 V 
Re4 1.0 kS2 

Triode section 

Va 100 V 
la 14 mA 
$m 5.5 mA/V 
µ 17 
Vg -3.0 V 

MARCH 1963 
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PCF806 TRIODE PENTODE 

OPERATING CONDITIONS AS A FRE6lUENCY CHANGER 
Pentode section 

V~, 
Y-2(b) 
Rfiz 
R,; i 
la
Igz 
Yoscfr.m.s.) 
S~ 

190 V 
190 V 
18 kS2 

100 kS2 
8.5 mA 
2.7 mA 
2.3 V 
4.5 mA~V 

DESIGN CENTRE RATINGS 
Pentode section 

Va max. 250 V 
pa max. 2.0 W `~ 
V~~ max. 150 V 
ps2 max. 500 mW 
Ik max. 18 mA 
R~;1_k max. 250 ki? 

Triode section 

V,~ max. 
pa max. 
I~ max. 
R~; 1; max. 

*Yi,_1; max. 

125 V 
1.5 W 

15 mA 
500 kS? 
100 V 

*To fulfil hum requirements on a.m. sound, it will be necessary for Vh_~; to 
be less than 50V, .,,,.~. 

h 

B 9A Base 
All dimensions in mm 

MARCH 1963 
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TRIODE PENTODE PCF806 
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PCF806 TRIODE PENTODE 
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TRIODE PENTODE 
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PCF806 TRIODE PENTODE 
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TRIODE PENTODE 
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TRIODE HEPTODE PCH2O0 

~~ 

I 

TENTATIVE DATA 

Triode heptode intended for use as anoise cancelled synchronising pulse separator 

and clipper. 

HE ATE R 

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

Ih 300 mA 

Vh 
8.5 V F 

CAPACITANCES 

c~-at 
<150 mpF 

cgl-at 
<10 mpF 

c <5.0 mpF E-
1 

cg ~ <20 mpF 
g3-gt 

Heptode section 

cin 
4.4 pF 

cout 
5.4 pFE—

ca- 1 <100 mpF 
g 

ca 
g3 

<250 mpF 

c 300 mpF 
gl-g3 

Triode section 

cin 3.3 pFE—

Gout 
1.7 pFE-

c 1.8 pF 
a-g 

CHARACTERISTICS 

Heptode section 

V 14 V 
a 

Vg2+g4 
14 V 

I 1.5 mA.E—
a 

Ig2+g4 
1.3 mAE—

lg3 
1.0 µA 

Vg3 0 V 

VII 0 V 

Vg3 max. (Ig3 = 0.3µA) <-1.3 V 

Vgl max. (Igl = 0.3µA) ~-1.3 V 

DECEMBER 1965 Page Dl 



Triode section 

va loo v 
Ia 9.0 mA E—

Vg -1.0 V 1 

m 
µ 50 F—

OPERATING CONDITION3 

Heptode section 

V~ 

Vg2+g4 

Iali 

Ig3 

Igl 

RATINGS (DESIGN CENTRE SYSTEM) 

1.0 14 V 

14 14 V 

>300 750 µA 

1.0 1.0 µA 

100 100 µA 

Heptode section 

Val) max. 550 V 

Va max. 100 VE—

pa max. fi00 mW E—

Vg2+g4(b) max. 550 V 

Vg2+g4 max. (see note 1) 50 V 

pg2+g4 max. 500 mW 

-vg (pk) max. 100 V~c--

-vgg (pk) max. 150 V 

Ik max. 8.0 mA4— 

Rgl-k max. 3.0 MSZ 

Rg3-k max. 3.0 MSt 

Vh-k max. 100 V 

Triode section 

Va(b) max. 

V max. a 
pa max. 

-vgl (pk) max. 

Ilc max. 

Rg-k max. 

Vh-k max. 

550 V 

250 V 

1.5 W 

200 V 

20 mA 

2.0 MSE 

(cathode positive) 70V d.c. + 100V r.m.s. F-. 

NOTES 

1. The minimum Vg2 + g4 is 6V under design maximum conditions. 

DECEMBER 1965 
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TRIODE HEPTODE PCH2O0 

84461 

ht 

°t ah 

9 2 9a 
93 

92'9a 
93 9~ 

kh,g5,s 

h h Kh.95~s ~ 54= 

Pin circle diameter=ll•9mm 
Pin diameter = 1.Omm 

B 108 base 

All dimensions in mm 
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TRIODE HEPTODE PCH2O0 
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TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes for use in television receivers with the triode as 
an a.f. amplifier or frame blocking oscillator and the 
pentode as frame or audio output valve. 

PCL82 

HEATER 

Suitable for series operation, a.c. or d.c. 
In
Vii 

CAPACITANCES (measured without an external shield) 

fat-glp 

Cgt-gp 

cgt-gl~ 

cat-ap 

Pentode section 
c;,, 
boob 

ca gi 
~g1 -i~ 

Triode section 
C~ -k -h 

c~ ~ 

cv-n 

CHARACTERISTICS 
Pentode section 

V2

,..-e  Vgz 
I.L 
iga 
Vgl 
gm 

ra

(agl-g2 

Triode section 

Val 
la
Vg
g,,, 
rp 

1~ 

300 mA 
16 V 

<20 mpF 
<20 mpF 
X25 mpF 

0250 mpF 

9.3 pF 
8.0 pF 

`300 mpF 
X300 mpF 

4.3 pFf--
2.7 pF 
4.0 pF 

,20 mpF 

170 200 V 
170 200 V 
41 35 mA 

9.0 8.0 m.'~, ~-
-11.5 -16 V 

7.5 6.4 mAiV 
16 20 kS2 
9.5 9.5 

PENTODE SECTION AS FRAME OUTPUT VALVE 
See nomogram on page C1 and notes on page D4. 

APRIL 1960 (1) 
Mallard  ~ 
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PCL82 TRIODE PENTODE 

TRIODE SECTION AS A.F. AMPLIFIER 

Measured using grid current bias. Ra = 10MS2 

Vout* 
Vout(r. m.s.)f Vii R:6 1~,, R.S~,~~~~•<, 

Vin 
(V) (kS2) (mA) (kS2) (V) (kS2) 
200 47 1.83 0 
170 47 1.40 0 
150 47 1.18 0 
100 47 0.60 0 

200 47 1.83 220 
170 47 1.40 220 
150 47 1.18 220 
100 47 0.60 220 

200 100 1.08 0 
170 100 0.83 0 
150 100 0.72 0 
100 100 0.38 0 

200 100 1.08 220 
170 100 0.83 220 
150 100 0.72 220 
100 100 0.38 220 

200 220 0.60 0 
170 220 0.47 0 
150 220 0.40 0 
100 220 0.23 0 

200 220 0.60 220 
170 220 0.47 220 
150 220 0.40 220 
100 220 0.23 220 

R~1$ 

41 23 150 
39 18.3 150 
38 14.8 150 
34 6.7 150 

31 25.5 150 
30 20.5 150 
29 17.1 150 
27 9.0 150 

51 28.5 330 
50 22 330 
49 18.2 330 
44 8.7 330 

39 33 330 
38 26.5 330 
37 22 330 
34 12.2 330 

58 30.5 680 
56 24 680 
55 20 680 
50 10.3 680 

44 38.5 680 
42 31 680 
41 26 680 
38 14.9 680 

*V~,ur~V~„ measured with an input voltage of 100mV. 

''jV~,~,~ measured for Dt„~ = 5°~~,. 

$Grid resistor of following valve. 

MICROPHONY 

The triode section can be used without special precautions against 
microphony and hum in circuits in which the input voltage is ~_ 10mV 
for an output of SOmW from the output stage. The a.c. voltage between 
pin 4 and triode cathode should not exceed 6.3V. 

APRIL 1960 (1) 
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TP;IODE PENTODE PCL82 

PENTODE SECTION AS AUDIO OUTPUT VALVE 

Single valve class ̀ A' 

Va_x 170 170 
Ve2_x 170 170 
Rx 450 230 
Ra 7.0 3.9 

la(o) 25 41 
Ig2(o) 4.8 8.0 
Vin(r.m.s.) (Pone = SOmW) 660 590 
V~n(r.m.s.) 5.3 6.0 
*Pout 2.0 3.3 
*Dtot 9.2 10 

200 200 V 
200 200 V 
650 380 S2 

9.0 5.6 kS2 
22 35 mA 
4.3 7.0 mA 

690 600 mV 
5.7 6.6 V 
2.0 3.5 W 
8.5 10 °~ 

*Poat and Dtot are measured at fixed bias and therefore represent the power 
output available during the reproduction of speech and music. When a 
sustained sine wave is applied to the control grid, the bias voltage developed 
across the cathode resistor will readjust itself as a result of the increased 
anode and screen-grid currents. This will result in a reduction in Pout of 
approximately 10°% 

LIMITING VALUES 

Pentode section 

Va(b) max. 550 V 
Va max. 250 V 

*+va(px) max. 2.5 kV 
- valnx) max. 500 V 

pa max. (audio applications) 7.0 W 
pa max. (frame output) 5.0 W 
Vg2(b) max. 550 V 
V~2 max. 250 V 
pga max. 2.2 W ~ 
Ix max. 50 mA 
Rgl-x max. 1.0 MS2 
Vn_x max. 200 V 
Rh-x max. 20 kS2 

*Maximum pulse duration is 4°0 of one cycle with a maximum of 800µs 

Triode section 

Va max. 250 V 
*+~a(pk) max. 600 V 

pa max. 1.0 W 
Ix max. 15 mA 

*ix(px> max. 200 mA 
Rg_x max. 1.0 MS2 
Zg_k max. (f = 50cjs) 500 kS2 
Vh_x max. 200 V 
Rh_k max. 20 kS2 

*Maximum pulse duration = 200µs 

Mullard 
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PCL82 TRIODE PENTODE 

PEAK ANODE CURRENT NOMOGRAM 

The nomogram shown on the following page gives directly the values of 
peak anode current and corresponding values of anode voltage at end of 
scan for various values of screen-grid voltage. 

No indication of anode and screen-grid dissipation limits is given in the 
nomogram: these must be checked independently. 

Example 
Suppose the screen-grid voltage is 170V. From the nomogram, the 
optimum working conditions at V~2 = 170V are iat~k~ = 90mA, 
and v,, at end of scan = 70V. 

23?.4 
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kt 
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TRIODE PENTODE PCL82 
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PCL82 TRIODE PENTODE 

7381 
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ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH 
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TRIODE PENTODE PCL82 
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TRIODE PENTODE PCL82 
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TRIODE PENTODE 

Triode pentode for use in television circuits as keyed a.g.c. 
valve, sync-separator, sync-amplifier or in noise suppression 
circuits. Pentode section for use as video output valve. 

PCL84 

HEATER 

h, 
Vh

300 mA 
15 V 

CAPACITANCES 
ca,_~i <10 mpF 

eec -~l <10 mpF 

Pentode section 
ci„ 8.7 pF 

c~„~ 4.2 pF 

c,, ~l <100 mpF 

Triode section 
ck _ k 3.8 pF 

c;, _k 2.3 pF 
c,, K 2.7 pF 

cR n <100 mpF 

CHARACTERISTICS 

Pentode section 

v, 
Vs2 
Vgi 
Ia

i62 

$m 

ry 

;Agl- g`L 

Vii  max. (I~i

Triode section 
V;, 
Vg

h 

$m 

r1

-0.3uA) 

i~ 

Vg max. (Ir = T-0.3,eA) 

170 200 220 V 

170 200 220 V 

—2.1 —2.4 —3.4 V 

18 18 18 mA 

3.0 3.0 3.0 mA 
11 10.4 10 mA V 

100 130 150 kS2 

3b 36 36 

—1.3 V 

200 V 

—1.7 V 

3.0 m A 

4.0 mA;V 
16.2 kS2 
65 

—1.3 V 

  Mullard f  
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PCL84 TRIODE PENTODE 

PENTODE SECTION AS VIDEO OUTPUT VALVE 

170 200 220 V 

—2.0 —2.8 —3.3 V 

3.0 3.0 3.0 ki? 

18 18 18 mA 

3.2 3.1 3.1 mA 

10.4 10 9.7 mA V 

LIMITING VALUES 

Pentode section 

VY,,,, max. 550 V 

V;, max. 250 V 

p;, max. 4.0 W 

V,; •~~~, max. 550 V 

V„~ max. 250 V 

p;;•~ max. 1.7 W 

Iti max. 40 mA 

R,, ~; max. (fixed bias) 1.0 Mil 

R;i k max. (self bias) 2.0 MS? 

V~,_ k max. 200 V 
R,, _~; max. 20 kit 

Triode section 

V;,,,,, max. 

V, max. 

vawk, max. 

pa max. 

*ik~px, max. 

I~ max. 

RK _~; max. (fixed bias) 

R,; _k max. (self bias) 

V„_~; max. (cathode negative) 

tVh ~ max. (cathode positive) 

Rh ._,; max. 

MMaximum pulse duration — 800•,s. 

tMaximum d.c. component — 200V. 

JULY 1959 ~ 1 I 

550 V 

250 V 

600 V 

1.0 W 

160 mA 
12 mA 

1.0 MS>_ 

3.0 MS2 

150 V 

350 V 

20 ki? 

Pase D2 
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PCL84 TRIODE PENTODE 
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TRIODE PENTODE PCL85 

Combined triode pentode with separate cathodes for use as a fieldoscillator 

and field output valve in television rece?viers employing 110" tubes. 

HEATER 

Ih 300 mA 

Vh 18 V 

CAPACITANCE S 

c 
ap-gt 

cat-gl 
cgt-gl 

cat-ap 

Pentode section 

t in 

t out 

ca-gl 

cgl-h 

Triode section 

c
a-k+h 

cg-k+h 
ca

-g 
c 
g-h 

NtAY 1965 

ill 
(M``nila/Jrd 

V 

<40 mpF 

<80 mpF 

<30 mpF 

130 mpF 

12.5 pF 

9.0 pF 

450 mpF 

<200 mpF 

350 mpF 

2.8 pF 

1.9 pF 

140 mpF 
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C HARACTE RISTICS 

Pentode section 

Va 50 65 170 V 

V 2 g 
170 210 170 V' 

Ia 200 285 41 mA 

Ig2 
35 45 2.7 mA 

V 1
g 

-1.0 -1.0 -15 V 

gm 

µ g1-g2 
r a 

Triode section 

- 7.25 mA/V 

- 7.0 

25 kSt 

V a 100 V 

Ia 5.0 mA 

V -0.85 V 
g 

g 5.5 mA/V 
m 

µ 60 

r 11 kSt 
a 

TYPICAL OPERATION 

Pentode section as field output valve 

Stabilised circuits 

See design chart on page C1. 

Non-stabilised circuits 

To allow for valve spread and deterioration during life the field output 

circuit should be designed around the following values 

Va min. 55 V 

Vg2 170 V 

is  (pk) 130 mA 

NAY 1965 Page D2 
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TRIODE PENTODE 

LIMITING VALUES 

Pentode section 

Va(b) 
max. 

V max. a 
*+va (pk) max. 

pa max. 

550 

250 

2.0 

8.0 

Vg2 
(b) 

max. 550 

Vg2 max. 250 

pg2 max. 2.0 

Ik max. 75 

Rgl-k max. 1.0 

Vh 
k max. 220 

Rh k max. 20 

PCL85 

*Maximum pulse duration 7% of one cycle with a maximum of 1.4ms. 

Triode section 

Va(b) 
max. 550 

Va max. 250 

pa max. 500 

Ik max. 15 

*ik (pk) max. 200 

R max. g-k 1.0 

Vh _k max. 220 

Rh _k max. 20 

Tbulb mom ' 
240 

*Maximum pulse duration 3% of one cycle with a maximum of 200µs. 

V 

V 

kV 

W E-

V 

V 

W 

mA 

MS2 

V 

k52 

V 

V 

mW 

mA 

mA 

MSt 

V 

ld2 

`C 
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TRIODE PENTODE PCL85 

is 
(design) 
(mA) 

200 

150 

100 

50 

0 

PCL85 

Nomogram 

For timebases stabilised 

V92

V91'OV

-220V 

1 I 

~~~~~~ —~ 210V 
i 

200V - - 
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TRIODE PENTODES PCL805 
PCL85 

Combined triode pentode with separate cathodes for use as a field oscillator and 
field output valve in television receivers 

Data is applicable to both types 

HEATER 

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

300 mA 

Vh 17.5 V E—

E—
CAPACITANCES 

c < 0.03 pF 
ap-~ 
c
ap-gl 

< 0.6 pF 

c < 0.08 pF 
at-gl 

cgl-h < 0.2 pF 

cgt-h < 0.15 pF 

CHARACTERISTICS (See NOTES) 

Pentode section (field output application) 

E—

Va 50 65 V 

Vg2 170 210 V 

Vgl -7. -1 V 

Ia(Pk) 
200 285 mA 

Ig2~ k) 35 45 mA 

Triode section 

Va 100 100 V 

V 
g 

-0.85 0 V 

Ia 5 10.5 mA 

gm 5.5 7 mA/V 

µ 60 63 

r 11 9 kSZ 

HUM 

a 

F 

The equivalent pentode grid hum voltage without negativefeedback is ~ lOmV 

when Zgl (f = 50Hz) ~ 500k12, cgl-h = 0.2pF and Vh-k = 150V r.m.s. 

~~ 
Mallard 
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RATINGS (DESIGN CENTRE SYSTEM unless other~~~ise stated) 

Pentode section 

Va(b) 
max. 550 V 

Va max. 300 V 

*va(pk) max. 2.0 kV 

P max. 8.0 W 
a 

Pa max. (design maximum rating) 10.5 W 

Vg2(b) 
max. 550 V 

Vg2 max. 250 V 

Pg2 max. 1.5 W 

Pg2 max. (design maximum rating) 2.0 W 

Ik max. 75 mA 

Rgl-k max. (fixed bias) 1.0 Mffi 

Rgl-k max. (automatic bias) 2.2 MS2 

Vh-k max. 200 V 

*Maximum pulse duration 5% of one cycle with a maximum of lms. 

Triode section 

Va(b) max. 550 V 

V max. 300 V a 
P max. 0.5 W a 
Ik max. 15 mA 

**ik(pk) max. 150 mA 

***ik(pk) max. 100 mA 

R max. (fixed bias) 1.0 MS2 g-k 
R max. (automatic bias) 3.3 MS2 g-k 

~'Vh-k max. 200 V 

**Maximum pulse duration 2% of one cycle with a maximum of 0.4ms. 

***Maximum pulse duration 4% of one cycle with a maximum of 0.8ms. 

During warm-up the d. c. component of Vh-k may rise toa maximum 
of 315V, cathode positive. 

~1 
~ Mallard ~ 

~~ 

~~ 
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TRIODE PENTODES PCL805 
PCL85 

NOTES 

The minimwn value of ia(Pk) (pentode section) to be expected as a result 
of spread in valve characteristics, valve deterioration during life and 

decrease of the mains voltage by 10% of its nominal value, can be derived 
from the curves on page 9 by applying the formula: 

ia(pk) 
min. = 0.6 

Ia(1) 

where Ia(1) is the value of Ia at the intersection of line AB and the curve 
for the value of V 

Z 
at the reduced mains voltage. 

g 

OUTLINE AND SCHEMATIC DRAWINGS 

h 

89A Base. 

~— 22.2 dia ~. 
max 89266 

71.4 
max. 

All dimensions in mm. 

NOVEMBER 1968 

78.5 
max. 
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For stabilised timebases 

Vg I =0V 
Vg2=220V 

210V 

200V 
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160V ~~
I50v 

140V 

130 V 

7h's nomogram applies if Vb=200V 
For other va ues of Vb,the following 
should be added to the end of scan 
voltage : O• I (Vb -200V ) 

50 60 70 

Vo at end of scan (V ) 

DESING CHART FOR STABILISED TIME BASES: 

PENTODE SECTION 
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BO 

PCL805-Page 4 



TRIODE PENTODES 

PCL85 
PC L805 

Ia  
 --- Iq2 
CurvesA:l/o- 1/92 210V 

Curves B: Va=1/92 /90V 
CurvesC:Va=uyz=170V 
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ANODE AND SCREEN GRID CURRENTS PLOTTED AGAINST GRID VOLTAGE 
WITH ANODE AND SCREEN GRID VOLTAGE AS PARAMETER. 

PENTODE SECTION 

~~ 
Mallard
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TRIODE PENTODES 

400 

Ia

(mA) 

300 

200 

100 

0  
O 

15 

Ia

(mA) 

10 

  PCL85 —  --~ ---
~ q PCL805 __ 

 !~""  --
►,!~~~~  

V91=-1 V 

~l

100 200 300 

PCL805 
PCL85 

V9 2 
s2 3 O V 

,,...s

220V 

2 0 ~ ~,~ 
2oov 

isov 
i i i 
180V 

170V 
t r~i i 
160V 

150V 

400 Va (V) 500 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 
WITH SCREEN GRID VOLTAGE AS PARAMETER: 

PENTODE SECTION 

■■■■w■ p I■■■ a w■^ 
a 6j =~ ~J~ ■■w■■■ ~. /■■■ h .iw 

  1■i■U~~ ~~~ .;1111►11~/1~;~1 
■■w■L/■■■■■-■■■II■■~~/■fir ~ i■■ w►/■■■■■~iw■■~i■■■ I/■■//w■w i■■ 

i ■11111ui■1H11111~~11 ~~1/  1,.,~ 
w ~~■11►~11■~ 111:111/I~~I~~~~1 
w%■ww► ~■a.■w■~■ wri■■wr ~w■~i■■w.w■■~~wr~ ~ ,h 

',PCL85 
PCL805 

1■1111►.111■1i11111'~■11 ~■1'II 

O 50 100 150 200 Va (V) 250 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 

WITH CONTROL GRID VOLTAGE AS PARAMETER: 
TRIODE SECTION 

NOVEMBER 1968 PCL805-Page 9 



12 
PCL85 
PCL805 

Va -100 V 

-4 V9 (V) -3 -2 O 

ANODE CURRENT PLOTTED AGAINST CONTROL GRID VOLTAGE: 
TRIODE SECTION 

NOVEMBER 1968 

8 

6 

4 

2 

O 

PCL805-Page 10 



TRIODE PENTODE 

Combined high-µ triode and output pentode 
for use in the audio amplifier stage of 
television receivers. 

PCL86 

HEATER 
I i, 
V it 

300 mA 
13.3 V 

CAPACITANCES 
cap-~t G 6.0 mpF 
cat -K t <200 mpF 
czt-xt <20 mpF 
cat-ap <150 mpF 

Pentode section 
cin 

c fl-gl 

csi-n 
Triode section 

din 

tout 
ca-g 

cg-h 

CHARACTERISTICS 
Pentode section 

Va 230 V 
Vaz 230 V 
Vgt -5.7 V 
Ia 39 mA 
IKz 6.5 mA 
gm 10.5 mA/V 
ra 45 kS2 
µei-gz 21 

-V~.t max (I~i = 03;.A) 1.3 V 
Triode section 

Va
Vg
Ia 

$m 

f~ 
ra

- V~i max (I~i ,- 0.3uA) 

OPERATING CONDITIONS AS SINGLE VALVE 
AMPLIFIER 

Pentode section 
Va 230 
Vg2 230 
V.•. t -5.7 
Rk 125 
la 41 
IK2 10.5 
Ra 5.1 
Pout 4.1 
Vin(r. m.s.) 3.6 

tot 10 
Vinir.m.s.) (Pout = 50mW) 300 

OCTOBER 1963 

10 pF 
<400 mpF 
<240 mpF 

2.3 pF 
2.5 pF 
1.4 pF 

<6.0 mpF 

230 V 
-1.7 V 
1.2 mA 
1.6 mA/V 

100 
62 kS2 

1.3 V 

200 V 
200 V 
-4.7 V 

115 S2 
34 mA 
9.0 mA 
5.6 ki? 
3.1 ''N 
3.2 V 

10 
290 mV 

hie Df 



PCL86 TRIODE PENTODE 

OPERATING CONDITIONS FOR TRIODE SECTION AS 
RESISTANCE COUPLED A.F. AMPLIFIER 

Grid current bias (Rg = 10Mf2) 
Z6 = OkSZ Z6 = 220ki2 

Vt, 
(V) 

Rs 
(kS2) 

Rst 
(kS2) 

la 
(mA) 

A_ 
- 1 

Vout Vout(r.m.s.)*
Vin (V) 

A 

Vin (V) 
230 47 150 1.37 40 15 32 18 
170 47 150 0.82 36 9 29 11 
230 100 330 0.90 57 22 45 26 
170 100 330 0.58 53 13 42 16 
230 220 680 0.57 72 26 55 33 
170 220 680 0.37 67 15 52 21 

*Output voltage measured at Dfot = 5% 

V°" f measured with Vin(r.m.6.) = 100mV. 
Vin 

tGrid resistor of following valve. 

**When operating this valve with grid current bias and a high source imped-
ance, the second harmonic distortion rises to a peak at quite low levels of 
output (about 10Vr,m,6_) and then falls with increasing drive. The third 
harmonic then begins to rise, and Dtnt finally reaches 5°o at a much higher 
output level than with zero source impedance. The maximum value of this 
distortion peak varies inversely with the anode load, being about 5.5% 
with Ra = 47kS2, 4.5% with Ra = 100ki2 and 4% with Ra = 220kS2. 

LIMITING VALUES 
Pentode section 

Va(t,i max. 
Va max. 
pa max. 
Vg2(q) max. 
Vg2 max. 
pg2 max. 
I k max. 
Rg1_k max. 
Vh_k max. 
Rh_k max. 

550 
250 

9.0 
550 
250 

1.8 
55 
1.0 

100 
20 

V 
V 

W 
V 
V 
W 
mA 
MS2 
V 

kS2 

Triode section 
V6(oi max. 550 V 
Vg max. 250 V 
p8 max. 500 mW 
I k max. 4.0 mA 
Rg-x max. 1.0 MS2 
Vh_k max. 100 V 

tRi,-k max. 20 kS2 

tWhen used as a phase inverter immediately preceding the output stage, 
Rh- k max. may be 120kS2. 

OCTOBER 1963 
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TRIODE PENTODE PCL86 

OPERATING NOTES 

7. Microphony 

This valve may be used without special precautions against microphony 
in equipment where the input voltage is not less than 10mV for an output 
of 50mW. 

2. Hum 

7471 

To obtain the minimum value of hum, the a.c. voltage between pin 4 and 
triode cathode should not exceed 30 V. 

92 

k 

9t 

h 

o ° o 
0 0 

0 0 
o ~, / 91 

B9A Base 

of 

All dimensions in mm 
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kp,93,5 E 

0 
E 

Pase D3 





TRIODE PENTODE PCL86 1 
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 PCL86 
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CATHODE CURRENT' PLOTTED AGAINST CONTROL GRID VOLTAGE 
WITH ANODE AND SCREEN GRID VOLTAGES AS PARAMETER. 

PENTODE SECTION 
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PCL86 TRIODE PENTODE 
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TRIODE PENTODE PCL86 
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PCL86 TRIODE PENTODE 
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TRIODE PENTODE PCL86 

9678 

V9 (V) 

ANODE CURRENT PLOTTED AGAINST CONTROL GRID VOLTAGE. 
TRIODE SECTION Va = 230V 
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SHUNT STABILISER 
TRIODE 

PD5O0 

High voltage triode for use as a shunt stabiliser in colour television 

receivers. 

HEATER 

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

Ih

Vh

300 mA 

7.3 V 

CHARACTERISTICS 

Va 25 kV 

V 0 V 
s 

-V at I =1.5mA 7 to 30 V 
g a 

-V max. at I =0.1mA 40 V 
g a 

DV max. between I =0.1mA 
g a 

and I =1.5mA 10 V 
a 

RATINGS (DESIGN CENTRE SYSTEM) 

Va max. 25 kV 

Va (absolute max. see note 1) 27.5 kV 

-Vg max. (see note 2) 150 V 

pa 30 W 

pa max. (intermittent rating 
t.v. shunt stabiliser -see note 3) 40 W 

Ia max. 1.6 mA E 

R max. 5.0 MS 
g-k 

Vh-k max. (cathode positive) 400V d,c +250Va.c. 

Vh-k max. (cathode negative) 250 V 

Vs-k max. (shield negative -see note 4) 400 V 

Tanode seal 
(absolute max.) 200 oC 

JULY 1968 PD500 Page 1 



NOTES 

1. If due to a circuit failure the anode current becomes zero, the anode 
voltage should never exceed 45kV (abs . max.) . 

2. During equipment warm-up period and for brief intervals during equip-
ment adjustment only, the grid voltage may rise to 440V maximum. 

3. This rating applies to operation for a maximum of 10% of the time. 

4. Operation with the shield positive with respect to cathode is not recom-
mended. The shield may function as a spark trap and should have a low 
impedance return path to the external coating of the picture tube. A.C. 
potential between the shield and cathode can modulate the anode current; 
the maximum sensitivity is 2.5µA/V. 

5. Additional support is required at the top of the valve. To prevent corona E—
effects, any metal screening around the valve should be at least 50mm 
from the nearest point of the bulb. Adequate ventilation should be provided 
for. 

X-RAYS 

When operated inatelevisionreceiverthisvalvewill produceX-radiation 
in excess of permissible dosage, and a suitable screen should be incor-
porated. 

a 

kh h 

IC 

s 

4 

f~ 

h 
h / - 1 I C 

O~O 
4 6 0 3 ~ ,O 

\
Q 2' 98Q 

K~ O I 
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IC 
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SHUNT STABILISER 
TRIODE PD500 
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DOUBLE PENTODE PFL200 

Double pentode for video output plus sync, separator, a.g.c. amplifier 
or i.f, amplifier applications. 

HEATER 

Sui

t

table for series operation, a.c. or d.c. 

h 
Vh

CAPACITANCES (unshielded) 

ca' - a" 

egl, _ gln 

ca'- gl" 

ca"-gl,

L Section 

cam, 

t out' 

ca'- gl' 

F Section 

°inn 

can _ g2u +kng3"+h+k'g3', s 

car, _ gl,r 

cgl" -h 

CHARACTERISTICS 

Va

V 
2 g 

I 
a 
I 2
g 
V 1
g 

~n 

µg1- g2 
r 
a 

FEBRUARY 1966 

300 mA 

17 vE-- 

F 

<150 mpF 

<10 mpF 

<100 mpF 

< 5. 0 mpF 

12.5 pF 

6.5 pF 

100 mpF 

10.5 pF 

10.5 pF 

150 mpF 

<I50 mpF 

Amplifier section Output section 

150 50 

150 75 

10 5. 0 30 mA 

3,0 1.6 7.0 mA 

-2.1 -0.65 -2.7 V 

8.5 6.8 22 mA/V 

38 34 38 

150 110 33 k52 

 ~1 
(1[``ulla~rd 

V 

170 V 

170 V 
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RATINGS (DESIGN CENTRE SYSTEM) 

Output section 

V max. 
a 

Vg2 max. 

pa max. 

p 
2 

max. 
g 

p 
2 

max. (intermittent rating, 
g short duration) 

Ik max. 

Ik max. (intermittent rating, 

short duration) 

Rgl - 
k 

max. 

Vh - 
k 

max. 

Amplifier section 

Val)  max. 

Vg2(b) max. 

V max. 
a 

Vg2 max. 

pa max. 

p 
2 

max. 
g 

Ik max. 

Rgl - k 
max. 

Vh-k max. 

~Ba579~ 

a' a° 

2 92 

k:g3"

k',g3;s h h k;93' 

"F section 
'L section 

B 108 base 

FEBRUARY 1966 

 1 
I ~~ra I 
\% 

250 V 

250 V 

5.0 W 

2.5 W 

3.2 W 

60 mA 

85 mA 

1.0 MS2 

200 V 

550 V 

550 V 

250 V 

250 V 

1.5 W 

0.5 W 

15 mA 

1. 0 MSt 

200 V 

222max w 

X 

n 
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DOUBLE PENTODE PFL200 
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DOUBLE PENTODE 
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DOUBLE PENTODE PFL200 
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^~ 

LINE OUTPUT PENTODE 

Output pentode primarily intended for use in the 
line timebase of television receivers. 

PL36 

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

I h
Vh

CAPACITANCES 
cin
cut 
~a—ql 

300 
25 

17.5 
8.0 

1.1 

mA 
V 

pF. 
pF 
pF 

CHARM CTERISTICS 
Vg 100 V 

100 V 
—8.2 V 

100 mA 
Ig2 7.0 mA 
gm 14 mA/V 
ra 5.0 kS2 

5.6 

Vga 
Vgi 
la

µgi_gz 

OPERATION AS LINE OUTPUT PENTODE 
Circuit design 
In calculating the peak anode current for circuit design purposes the 
Knee is taken as the reference point. Operation so that the anode potential 
of the output valve at the end of scan is above the Knee of the anode 
characteristic is only recommended when an effective feedback stabilising 
circuit is employed. A nomogram is given on page C1. 
For operation below the I:nee of the characteristic the nomogram on 
page C2 should be used. 

LIMITING VALUES 

V~rbr max. 
Va max. 

*-I-va cP~t~ max. 
*—yal 

P>>l max. 
p~ max. 
V~z~b r max. 
Vsa max. 

*—v~1rPrzr max. 
j-ps2 max. 

P:~=P~2 max. 
I rz max. 
Vh_r~ max. (cathode negative) 
Vh_x max. (cathode positive) 
R~i_k max. (fixed bias) 
Rei_r~ max. (line timebase applications) 
Min. drive at v~tnizr = SkV 
Min. drive at va,Pk r = 7kV 
Tb„rn max. 

550 V 
250 V 

7.0 kV 
1.5 kV 
12 W 
550 V 
250 V 

1.0 kV 
5.0 W 
13 W 

200 mA 
200 V 
250 V 
500 kit 

3.3 Mil 
100 V 
120 V 
250 °CE--

*Max. duration 22% of one cycle with a maximum of 18µs. 

j-Max. average p~2 is 7W during the period between the commence-
ment of Ins and the instant when la attains one half of its normal 
operating value. 
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PL36 LINE OUTPUT PENTODE 

PEAK ANODE CURRENT NOMOGRAMS 

Stabilised timebases 
The nomogram shown on page C1 gives directly the values of peak anode current 
and end-of-scan anode voltage which should be used in designing a stabilised line 
timebase. The nomogram is based on an h.t. line voltage of 200V, and a correction 
factor is included for other h.t. voltages. 

Non-stabilised timebases 

The nomogram shown on page C2 gives directly the values of peak anode current 
and end-of-scan anode voltage which should be used in designing anon-stabilised 
line timebase. It assumes 'below-the-knee' operation, undecoupled screen-grid 
resistor (excluding capacitors of a few hundred microfarad), and control-grid 
potential of -{-1 V. 

Measurements 

When measurements are made specifically for the purpose of comparison with 
the nomogram, all the components comprising the timebase, including the valves, 
should be nominal. The h.t. line should also be nominal. In receivers designed for 
a range of declared values of mains voltage, measurements should be made at the 
nominal declared value of mains voltage producing the lowest nominal h.t. voltage. 
The timebase should be synchronised and the raster adjusted to nominal scan. 
The beam current drawn from the e.h.t. supply should be 300i~A. 

The use of the nomogram does not exempt the designer from checking that the 
valve is operating within its limiting values. 

~2277~

a 

91 

IC k~93 

Octal Base 

~1 
Mullard' 

S@PT~M~ER 1989 (i) Page D2 



LINE OUTPUT PENTODE PL36 
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PL36 

Nomogram 

For stabilised timebases 

I l l l
Vg = OV 

This nomogram applies if Vb=200V. 
For other values of Vb,the following 
should be added to the ¢nd of scan 
voltage : O•I (Vb — 200V) 

V92= 200V 
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I BOV 
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150V 

14 OV 
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NOMOGRAM FOR STABILISED TIMEBASES 
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Mullard]

Page C1 



i 

PL36 LINE OUTPUT PENTODE 
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LINE OUTPUT PENTODE PL36 
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PL36 
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LINE OUTPUT PENTODE 
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ANODE AND SCREEN-GRID CURRENTS PLOTTED AGAINST ANODE 
VOLTAGE WITH SCREEN-GRID VOLTAGE AS PARAMETER 
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LINE OUTPUT PENTODE PL36 
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LINE OUTPUT PENTODE PL36 
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LINE OUTPUT PENTODE PL81A 

HEATER 

Line output pentode for use in portable television receivers. 

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

Ih 300 mA 

Vh 21.5 V 

CAPACITANCES 

c~ 

tout 

ca-gl 

cgl-h 

°a-k 

CHARACTERISTICS 

14 pF 

6.0 pF 

<800 mpF 

6200 mpF 

<100 mpF 

V 170 V 
a 

Vg2 170 V 

Vgl -24.5 V 

I 45 mA 
a 

Ig2 2.2 mA 

g 6.0 mn/V 
m 

r 11 .5 kSZ 
a 

4.9 
µ g1-g2 

DECEN.BER 1965 
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OPERATION AS LINE OUTPUT VALVE 

Circuit design 

Operation so that the anode potential of the output valve at the end of the 

scan is above the knee of the anode characteristic is recommended. An 

effective feedback stabilising circuit should be employed.A design chart 

is given on page C5. 

Minimumvalues ofRg2 required to prevent excessive screen-grid dissipa-

tion during the warming-up period. 

Vb 170 200 230 V 

Rg2 min. 1.2 1.8 2.2 ldt 

High voltage cut-off 

The minimum value of Vgl for cut-off during the fly-back period, when 

va(pk) 
= 7.OkV, is -120V. 

PEAK ANODE CURRENT DESIGN CHARTS 

Stabilised timebases 

The design chart shown on page C5 gives directly the values of peak anode 

current and end-of -scan anode voltage which should be used in designing 

a stabilised linetimebase. The design chart is based on an h.t. line voltage 

of 200V, and a correction factor is included for other h.t. voltages. 

Measurements 

When measurements are made specifically for the purpose of comparison 

with the design chart, all the components comprising the timebase, including 

the valves, should be nominal. The h.t. line should also be nominal. In 

receivers designedfor a range of declaredvalues of mains voltage, measure-

ments should be made at the nominal declared value of mains voltage 

producing the lowest nominal h.t. voltage. The timebase should be synch-

ronised and the raster adjusted to nominal scan. The beam current drawn 

from the e.h.t. supply should be 300µA. 

The use of the design chart does not exempt the designer from checking 

that the valve is operating within its limiting values. 

DECEMBER 1965 
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LINE OUTPUT PENTODE PL81A 

RATINGS (DESIGAT CENTRE SYSTEM) 

Va(b) 
max. 

V 
a 

* 
va(Pk) 

max. 

pa max. 

Pa +pg2 
Vg2 

(b) 
max. 

Vg2 max. 

vgl 
(pk) 

max. 

pg2 max. 

Ik max. 

Rgl _k max. 

Rgl 
k 

max. (line timebase applications) 

Rh 
k 

max. 

Vh 
k 

max. (cathode negative) 

Vh 
k 

max. (cathode positive) 

Tbulb 
max. 

650 V 

250 V 

7.0 kV 

see page C6 

see page C6 

550 V 

250 V 

1.0 kV 

see page C6 

180 mA 

500 1dZ 

2.2 MSl 

20 kSZ 

200 ~ 

200 V 

240 "C 

*Maximum pulse duration 22% of one cycle with a maximum of 18µs. 

X84300 
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LINE OUTPUT PENTOIDE PL8 I A 
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LINE OUTPUT PENTOI~E PL81A 
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LINE OUTPUT PENTODE PL$IA 

Io

D¢sign 
(mA) 

250 

zoo 

150 

100 

50 

PL 31A 
~~_~ 

'  V9 2 = 200 

~~~~1~111  18O '. ~~~~ --

 1~''~1~I1i1. ,,o  
®  160  .i~.r!! 

I~  ~.~/i~ir  1~ 150  

~'"' I~il!! 1  
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84263 

This d¢sign chart appli¢s if Vb=200V 

For oth¢r valu¢s of Vb th¢ following 

should b¢ add¢d to th¢ ¢nd of scan 

voltag¢ : 0.1(Vb 200V ) 

60 70 :~ 90 

Vo at ¢nd of scan (V) 

DESIGN CHART FOR STABILISED TIMEBASES 
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VIDEO OUTPUT PENTODE 

Video output pentode for use in television receivers with 
series connected heaters. It is particularly suitable for use 
in projection television receivers or with high definition 
television systems. 

PL83 

HEATER 

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

Ih 0.3 A 

V,, 15 V 

CAPACITANCES 

10.4 µµF 
6.6 µµF 

<0.06 µµF 
-'0.15 µµF 

CHARACTERISTICS 

VA 170 200 V 

VgZ 170 200 V 

V~3 0 0 V 

IR 36 36 mA 

Ig2 5 5 mA 

V~, 
gn, 
ra

—2.3 
10 

100 

—3.5 
10 

100 

V 
mA/V 

k S2 

l~.R,-a2 24 24 

TYPICAL OPERATING CONDITIONS FOR DRIVING A CATHODE 

RAY TUBE WITH CATHODE INJECTION 

Vb 170 V 

Vg$ 170 V 

VH3 0 V 

la 4 mA 

Iga 0.25 mA 

V87 —6.7 V 

Ra 2.2 k f2 

Voui (pk1 X 70 V

ISSUE 2 PL83 854-1 



PL83 VIDEO OUTPUT PENTODE 

Video output pentode for use in television receivers with 
series connected heaters. It is particularly suitable for use 
in projection television receivers or with high definition 

television systems. 

LIMITING VALUES 

93 
91

559 

Va ,b, max. 
Va max. 
pa max. 
V62 gyp, max. 

Vaa max. 

paa max. 
I k max. 
Val max. (lal _+0.3 µA) 
Ra,_k max. (self bias) 
Rat_k max. (fixed bias) 
Vc_k max. 

Rn_k max. 

h 
h ~___\ 9 3 

s k 
/ 

o° o ~,. a 
92 / o 0 1 

0 0 
g~ ~ o o s 

92 IC 

B9A 
Noval ®os¢ 

ISSUE 2 

550 V 

250 V 

9 W 

550 V 

250 V 

2 W 

70 mA 
—1.3 V 

1.0 M f2 

500 k S2 
150 V `"" r

20 k i2 

E X

m o 
~E 

PL83 854-2 



VIDEO OUTPUT PENTODE 
Video .output pentode for use in television receivers with 
series connected heaters. It is particularly suitable for use 
in projection television receivers or with. high definition 
television systems. 
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PL83 VIDEO OUTPUT PENTODE 

Video output pentode for use in television receives with 
series connected heaters. It is particularly suitahle for use 
in projection television receivers or with high definition 

television systems. 
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~/IDEO OUTPUT PENTODE 

Video output pentode for use in television receivers with 
series connected heaters. It is particulorly suitable for use 
in projection television receivers or with high definition 

television systems. 

PL83 

n a IIII ~ ~~ ~ Illlllililll > >_» 1
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ANODE VOLTAGE, WITH SCREEfJ—GRID VOLTAGE AT 170V 
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,~ 

OUTPUT PENTODE 

Output pentode rated for 12W anode dissipation with 
300mA heater for use as a frame output valve in 
television receivers. 

PL84 

HEATER 
I❑ 300 mA 
Vh 15 V 

CAPACITANCES 

~1n 

~uuG 
~A-gl 

cgr -ta 

CHARACTERISTICS 

Va 170 
Vgz 170 
l a 70 
Iga 3.5 
Vel -12.5 
Sm 11 
ra 26 
(lgl—g2 

11.8 pF 
6.0 pF 

<0.6 pF 
<0.25 pF 

200 V 
200 V 

60 m A 
3.0 mA 

-17.3 V 
8.8 mAiV 

28 kS2 
8.0 8.0 

OPERATION AS FRAME OUTPUT VALVE 

See nomogram on page C1 and notes on page D2. 

LIMITING VALUES 

Vafb~ max. 
Va max. 

*-I-va1Px1 max. 
-v~lnkr max. 

pa max. 
Vg2 i b~ max. 
Vg2 max. 
pg2 max. 
I k max. 
Rgl_v max. (fixed bias) 
Rgl_k max. (cathode bias) 
Rgl_k max. (frame output) 
Vh _k max. 
Rh_k max. 

550 V 
250 V 

2.0 kV 
500 V 
12 VV 
550 V 
200 V 

1.75 W 
100 mA 
500 kS2 

1.0 MS2 
3.3 MSZ 

200 V 
20 k~2 

/'1, *Max. pulse duration 4~0 of one cycle with a maximum of 800us. 

hfiAY 1959 (1) Pace D1 



PL84 OUTPUT PENTODE 

PEAK ANODE CURRENT NOMOGRAM 

The nomogram shown on the following page gives directly the values of 
peak anode current and corresponding values of anode voltage at end of 
scan for various values of screen-grid voltage. 
No indication of anode and screen-grid dissipation limits is given in the 
nomogram: these must be checked independently. 

Example 

Suppose the screen-grid voltage is 170V. From the nomogram, the 
optimum working conditions at Vg2 = 170V are i3~nk~ = 140mA, and va
at end of scan = 70V. If the designer requires a peak current of 160mA, 
the corresponding v1 at end of scan is 100V. 

2834 

k~g3 h h 
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MAY 1959 (1) 
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max 
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OUTPUT PENTODE PL84 

~a(pk) 
(mA) 

200 

100 

5243 PL84 

92=220V 

I I L1 
210V 

I I 

200V 

I I I I

190V 

I I I I 

laov 
I I I I 

1 Gov  

150V  

130V 

40 80 120 va at end of scan(V) 

PEAK ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE AT THE 
END OF SCAN 

MARCH 1960 i1) Page C1 



PL84 OUTPUT PENTODE 

6367 

I 

PL84  

2---  

Va = V92 = 200V  

  170V 

va= V92= 200V ~

i 
i 

/ ~ 
i 

170V 

1 
(m A) 

200 

150 

100 

50 

0 

Vg1(V) —30 — 20 —10 0 

ANODE AND SCREEN-GRID CURRENTS PLOTTED AGAINST CONTROL-

GRID VOLTAGE FOR VARIOUS ANODE AND SCREEN-GRID VOLTAGES 

Mwllard 
MARCH 1960 !11 Page C2 



OUTPUT PENTODE PL84 
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PL84 OUTPUT PENTODE 
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OUTPUT PENTODE PL84 
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PL84 OUTPUT PENTODE 
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LINE OUTPUT PENTODE PL500 

Output pentode primarily intended for use in 
the line timebase of television receivers. 

HEATER 

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

Ih 300 mA 

Vh 27 V 

CAPACITANCES F 

t in 22 pF 

t out 
9.0 pF 

ca-gl 
<1.75 pF 

cgl -h < 200 mpF 

CHARACTERISTICS 

V 75 V 
a 

Vg2 200 V 

Vgl -10 V 

Ia 440 mA 

Ig2 30 mA 

OPERATION AS LINE OUTPUT VALVE <—

Circuit design 

Operation so that the anode potential of the ouiput valve at the end of the 
scan is above the knee of the anode characteristic is recommended. An 
effective feedback stabilising circuit shouldbe employed. A design chart 
is given on page C7. 

Minimum values ofRg2 requiredto prevent excessive screen-grid diss-
ipation during the warming-up period; 

Vb 170 200 230 V 

Rg2 min. 1.0 1.5 1.8 k12 

High voltage cutoff 

The minimum value of Vgl for cut-off during the fly-back period, when 

va(pk) 
= 7.OkV, is -120V. 

DECEMBER 1965 
Mullard 
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PEAK ANODE CURRENT DESIGN CHART 

Stabilised timebases 

The design chart shown on page C7 gives directly the values of peak anode 

current and end~f-scan anode voltage which should be used in designing 

a stabilised linetimebase.Thedesignchartisbasedonanh.t.line voltage 

of 200V, and a correction factor is included for other h.t. voltages. 

Measurements 

When measurements are made specifically for the purpose of comparison 
with the design chart, all the components comprising the timebase, 
including the valves, should be nominal. The h.t. line should also be 
nominal. In receivers designed for a range of declared values of mains 
voltage, measurements should be made at the nominal declared value of 
mains voltage producingthe lowest nominal h.t. voltage. The timebase 
should be synchronised and the raster adjusted to nominal scan. The 
beam current drawn from the e.h.t. supply should be 300µA. 

The use of the design chart does not exempt the designer from checking 
that the valve is operating within its limiting values. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va(b) max. 550 V 

Va max. 250 V 

* 
va(Pk) 

max. 7.0 kV E—

p max. see page C6 
a 

pa +pg2 see page C6 

Vg2ro) 
max. 550 V 

Vg2 max. 250 V 

p 
2 
max. see page C6 

g 
Ik max. 250 mA 

Rgl-k max' 500 k12 

Rgl-k max. (line timebase applications) 2.2 MS2 

*Maximum pulse duration 22% of one cycle with a maximum of 22µs. 

DECEMBER 1965 Page 15E 
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LINE OUTPUT PENTODE PL500 

184757 
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LINE OUTPUT PENTODE PL500 

Vyi(V) -30 -20 

PL500 
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ANODE CURRENT PIATTED AGAINST CONTROL-GRID VOLTAGE 
WITH ANODE AND SCREEN-GRID VOLTAGE AS PARAMETER 

DECEMBER 1965 
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LINE OUTPUT PENTODE P L500 
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LINE OUTPUT PENTODE PL500 
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pg 2 
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LINE OUTPUT PENTODE PL500 

Ia

(Qesign) 
(mA) 

500 

4~ 

300 

200 

100 

PL500 B,l21 

Dasign chart 
for stabilisad tim¢basas 

Vgf •OV 
V~ 230V 

220V 

210V 

20pV 

190V 

180V 

170V 

tsov 

150V 

140V 

130V 

This dasign chart applias if Vb •200V 
for other values of Vb, the 
following should be added to the 
end of scan voltage.0•I(Vb-200V) 

55 65 75 

Va at end of scan (V) 

DESIGN CHART FOR STABILISED TIMEBASES 

DECEMBER 1965 
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LINE OUTPUT PENTODE PL504 

Output pentode primarily intended for use in 

the line timebase of television receivers. 

HEATER 

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

Ih 300 mA 

Vh 27 V 

CAPACITANCES 

c. 22 pF 
m 

t out 
9.0 pF 

c <1.75 pF 
a-gl 

cgl -h < 200 mpF 

CHARACTERISTICS 

V 75 V 
a 

V 
2 

200 V 
g 

Vgl -10 V 

I 440 mA 
a 

Ig2 30 mA 

OPERATION AS LINE OUTPUT VALVE 

Circuit design 

Operation so that the anode potential of the output valve at the end of the 
scan is above the knee of the anode characteristic is recommended. An 
effective feedback stabilising circuit should be employed. A design chart 
is given on page C7. 

Minimum values of Rg2 required to prevent excessive screen-grid diss-
ipation during the warming-up period; 

Vb 170 200 230 V 

Rg2 min. 1.0 1.5 1.8 k12 

High voltage cutoff 

The minimum value of Vgl for cut-off during the fly-back period, when 

va(Pk) = 7.OkV, is -120V. 

DECEMBER 1965 Page Dl 



PEAK ANODE CURRENT DESIGN CHARTS 

Stabilised timebases 

The design chart shown on page C7 gives directly the values of peak anode 
current and end~f-scan anode voltage which should be used in designing 
a stabilised line timebase The design chartisbasedonanh.t.line voltage 
of 200V, and a correction factor is included for other h.t, voltages. 

Measurements 

When measurements are made specifically for the purpose of comparison 
with the design chart, all the components comprising the timebase, 
including the valves, should be nominal. The h.t. line should alsobe 
nominal. In receivers designed for a range of declared values of mains 
voltage, measurements should be made at the nominal declared value of 
mains voltage producing the lowest nominal h. t. voltage. The timebase 
should be synchronised and the raster adjusted to nominal scan. The 
beam current drawn from the e. h, t. supply should be 300µA. 

The use of the design chart does not exempt the designer from checking 
that the valve is operating within its limiting values. 

RATINGS (DESIGN CENTRE SYSTEM) 

Varo) max. 

V max. 
a 

*va(Pk) 
max. 

pa max' 

Pa+Pg2

Vg2~) max. 

Vg2 max. 

pg2 max. 

Ik max' 

Rgl-k 
max. 

Rgl-k max. (line timebase applications) 

*Maximum pulse duration of 22~ of one cycle with a maximum of 22µs. 

DECEMBER 1965 
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550 V 

250 V 

7.0 kV 

see page C6 

see page C6 

550 V 

250 V 

see page C6 

250 mA 

500 kSt 

2.2 MSt 
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LINE OUTPUT PENTODE PL504 
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LINE OUTPUT PENTODE 
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LINE OUTPUT PENTODE PL504 
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LINE OUTPUT PENTODE PL504 
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LINE OUTPUT PENTODE PL504 

500 

aoo 

300 

200 

100 

PL504 
8.82, 

Dasign chart 
for stabilised tim¢tws¢s 

Vgf =OV 

This d¢sign chart appli¢s if Vb=200V 
for other values of Vb, the 
following should be added to the 
end of scan voltage.0•I(Vb-200V) 

~~ 

I

V~ 230V 

220V 

l l 
210V 

200V 

I l
Isov 

Isov 

170V 

160 V 

i50V 

14pV 

130V 

55 65 75 

Vo at end of scan (V) 

DESIGN CHART FOR STABILLSED TIMEBASES 

DECEMBER 1965 
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OUTPUT PENTODE PL505 

TENTATIVE DATA 

Output pentode for colour television line deflection circuits 

HEATER 

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

Vh

CAPACITANCES 

oa-gl 

cgl-h max. 

DYNAMIC CHARACTERISTICS 

300 mA 

40 V 

2.5 pF 

200 mpF 

Va 160 V 

Vg3 0 V 

Vg2 160 V 

Vgl 0 V 

Ia 1.4 A 

Ig2 45 xnA 

OPERATING CONDITIONS 

va (end of scan) 60+10°bVb V 

*Vg3 0 V 

Vg2 175 V 

ia(Pk) 
1.0 A 

I 440 mA 
a 

Ig2 40 mA 

va(pk) 7.0 kV 

The minimum required cutoff voltage (-V 1) during flyback is 170V at 
Va =7.OkV, Vg2 =175V and Zg1=1.OkS2 at line frequency. 

*If suppression of Barkhausen oscillation is required, g3 may be connected 
to a positive voltage of approximately 20V . 

MARCH 1966 Page D1 



RATINGS (DESIGN CENTRE SYSTEM) 

va(b) 
,,,~' 70o v 

~a(pk) ~, 
7.0 kV 

Vg2(b) max. 700 V 

Vg2 
~, 250 V 

pa max, 25 W 

*pg2 max. 7.0 W 

Ik max, 500 mA 

Rgl max. (stabilised line timebases) 2.2 MS2 

Vh-k 
max, 250 V 

*During the heating-up time of the cathode, pg2 max. =14W , 

'~ 39.7 maxim a ~~ 

h 
h 

g3 

91

gl k 

B9D bas¢ 
without c¢ntr¢ st¢m 

C.TI. top cap 

Al l dim¢nsions in mm 

MARCH 1966 
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OUTPUT PENTODE 

is

d¢sign 
(mA) 

1100 

l000 

eoo 

aoo 

700 

600 

500 

400 

300 

200 

PL505 

■■■■■■■■■■■ PL505 ■■■■■■■ 
■■■■■■■■■■■ D¢sign chart ■■■■■■■ 
■■■■■■■■■■■ ■■■ ■■ For stabilis¢d tim¢bas¢s V -220V ■■■■■■■■■■■ ■■■ g2 - ■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■ 

■■■■■■■■■■■■■■■■■■■■■■■■~i~■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■Ii/■■■■! • ■■ 
■■■■■■■■■■■■■■■■■■■■/i■■■■~~%■~■■ 
■■■■■■■■■■■■■■■■■■■~/■■■!i■■■■■■■■■ 

■■■■■■■■■■■■■■■■~%■Ii/■■■/!~~■~■■ 
■■■■■■■■■■■■■■■i■■~~■■/!i~■■■■■■■■■ 
■■■■■■■■■■■■■/%■~~■■~i~■■■■■■■ . 

■■■■■■ ■■■■I/II■/~■■■~~i■1■■■■■■■■■ 
■■■■■■~■■■■II%■~■■/~i■■■■■■■/~18ov ■ 
■■■■■■■■■■~I/~/I■~i~■■■■/!~i~■■ ■ 

■■■■■~/,//III,/~~■~i■■■■■~!:~~~~■■■ • ■■ 

■■I%'/%%~i■~~■■■~~i~■■■■■■■■■■■■■■■■■ 

84312 

//./ /I/■~,■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

~u■■■■■■■ ■■■■■ 
■■■■■■■■■■ u■■■ 
■■■■■■■■■■ ■■■■■ 
■■■■■■■■■■ ■■■■■ 
■■■■■■■■■■ ■■■■■ 
■■■■■■■■■■ ■■■■■ 
■■■■■■■■■■ ■■■■■ 
■■■■■■■■■■■■■ ■■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■ ■■■■■■■■■■■■■■■■■■■■■ 

This d¢sign chart appli¢s to Vb = 250V 

For oth¢r valu¢s of Vb th¢ following 

should b¢ add¢d to th¢ ¢nd of scan 

voltag¢ : 0.1(Vb- 250V ) 

60 70 80 
Va at ¢nd of scan(V) 
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MARCH 1966 

1 
M``nllalJrd 

V 

90 

Yaae C1 



=a 
(mA) 

1400 

t 200 

1000 

800 

600 

400 

200 

0 

 PL5O5 

VQ :V92:1 

V93.OV 

. I 

60V~-

t 

84311 

Ia 

Igp 

 ~" 

50 Vg~ (V) -40 X30 —20 —10 

ANODE AND 3CREEN CURRENTS PLOTTED AGAINST 
CONTROL~RID VOLTAGE 

MARCH 1966 

80 

=g2 
(mA) 

60 

40 

20 

0 
O 

Page C2 

V 



/1 

OUTPUT PENTODE 

Field output pentode for colour television 

HEATER 

PL508 

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

Ih 300 mA 

Vh 17 V 

CAPACITANCES (unshielded) 

ca- 1 1.4 pF 
g 

cgl-h < 0.2 pF 

CHARACTERISTICS F-

Va 50 190 V 

Vg2 190 190 V 

Ia 320 pk 60 mA 

Ig2 approx. 60 5.0 mA 

V 1 -1.0 -17 V 
g 

gm 9.0 mA/V 

µg1
-g2 

8.0 

ra 10 k12 

~~ OPERATING CONDITIONS 

For operating conditions when used as a field output valve in stabilised 
timebases, see graph on page 5. 

AUGUST 1968 

~1 
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RATINGS (DESIGN CENTRE SYSTEM) 

Val)  max. 

V max. 
a 

*va(pk) max. 

p max. 
a 

Vg2ro) 
max. 

Vg2 max. 

pg2 max. 

Ik max. 

Rgl 
k 

max. 

Rgl-k 
max. 

Vh_k max. 

(fixed bias) 

(automatic bias) 

700 V 

400 V 

2.5 kV 

12 W 

700 V 

275 V 

3.0 W 

100 mA 

1.0 MSl 

2.2 MSt 

220 V 

*Maximum pulse duration 5~% of one cycle with a maximum of lms. 

h 

9 

IC 

IC 

89D Bas¢ 
without c¢ntr¢ st¢m 

14 
dia 

>93 

9~ 

All dim¢nsions in mm 

AUGUST 1968 
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OUTPUT PENTO®E PL508 

~~ 

i 

eoo 

Ia

(mA) 

600 

400 

200 

800 

Ia

(mA) 

600 

400 

200 

0 

100 200 

PL508 
V9~ = 200V 

300 400 500 Va (V) 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 
WITH CONTROL GRID VOLTAGE AS PARAMETER 

AUGUST 1968 
Mullard 
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PL508 
/9 ~ =-1V 

88882 

  i 
Vy

220V' 

200V~ 

 --1_ ~BOV„~, 

16 V 

50 100 150 Va(V) 200 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 
WITH SCREEN GRID VOLTAGE AS PARAMETER 

 l 
Mallard
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OUTPUT PENTODE 

350 

300 

250 

PL508 

PL508 85514 

200 

D¢sign chart 
for stabil is¢d tim¢bas¢s 

I I I I I I I I I I I I I I
This d¢sign chart appli¢s if Vb=200V. 
For oth¢r valu¢s of Vb th¢ following 
should b¢ add¢d toth¢ ¢nd of scan 
voltdg¢ . - 0•I Vb-200V). 

V9~=250V 

150 

240V 

230V 

220Y 

210V 

200V 

 ~~ 190V 

180 V 

170 V 

160V 

65 70 75 
Vo at ¢nd of Scan (V) 

DESIGN CHART FOR STABILISED TIMEBASES 

Mullard 

80 

AUGUST 1968 PL508 Page 5 





OUTPUT PENTODE PL509 

Output pentode for colour television line deflection circuits 

HEATER 

/'1 

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

Ih 300 mA 

Vh 40 V 

CAPACITANCES 

ca- 1 
2.5 pF 

g 
ca- 1 max. 3.0 pFE—

g 

cgl-h max. 0.2 pF 

DYNAMIC CHARACTERISTICS 

Va 160 

Vg3 0 

Vg2 160 

Vgl 0 

I 1.4 

F—

50 V 

0 V 

175 V 

-10 V 

0.8 A 
a 

I 
2 

45 70 mA 
g 

OPERATING CONDITIONS F 

Stabilised circuits (d. c. feedback) 

The minimum required cut-off voltage (-Vgl) during flyback at Va=7.OkV 
and Zg1=1.OkS2 at line frequency is:-

Vg2 = 150V: Vgl = -175V 

Vg2 = 200V: Vgl = -195V 

Vg2 = 250V: Vgl = -215V 

Design chart for stabilised timebases See page 4 

In order to prevent Barkhausen interference and loss of stabilisation, 
care should be taken to ensure that the anode voltage never drops below 
the specified minimum value during the scanning period. 

When optimum suppression of Barkhausen oscillations is required, g3 
may be connected to a positive voltage of approximately 20V. 

Hum 

At Zg1=200kS2 (f=50Hz), Vh_k=220Vr.m.s. and without wiring and 
socket capacitances, the equivalent grid hum voltage is less than 5.OmV. 

- 1 
(bltlllard 
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NOTES 

250 V 

1. Maximum pulse duration 22°Io of one cycle with a maximum of 18µs. 

2. To prevent an excessive value of pg2 the minimum values of series 
resistance are given below. 

40 

R92

(kfl) 

2.O 

O 

88875, 

I

RATINGS (DESIGN CENTRE SYSTEM) F 

Val)  max. 700 V 

va(pk) max. (see note 1) 7.0 kV 

V 
3 

max. 50 V 
g 

Vg2~ ) max. 700 V 

V 
2 

max. 275 V 
g 

-vgl(pk) max. (design maximum system) (see note 1) 550 V 

p max. 30 W 
a 

pa+ 
2 

max. (triode connected) 31 W 
g 

pg2 max. (see note 2) 7.0 W 

Ik max. 500 mA 

R 1 max. (fixed bias) (see note 3) 0.5 MIt 
g 

R 1 max. (stabilised line timebases) (see note 3) 2.2 MIt 
g 

Rg3 max. (see note 4) 10 kSt 

Vh-k max. 

Tbulb 
max. (absolute maximum rating) 300 ° C 

F 

100 200 300 400 V92 b (V) 

3. The circuit design must be such that negative control grid currents up 
to 5µA do not have any detrimental effect upon performance. Care 
should be taken that with 5µA grid current the limiting values for Ik, 
pa and pg2 are not exceeded. 

4. With Rg3s10kit capacitive decoupling of g3 is not required. 

AUGUST 1968 PL509 Page 2 



OUTPUT PENTODE PL509 

g3 

92
9 1

183533 

92

g3 

a 

h 
n 92

O O, O 
0

4 g 
3 ~O 

OZ 80 
O' O 

g3 

91

gl k 

B9D bas¢ 
without c¢ntr¢ st¢m 

C.T I. top cap 

Al l dim¢nsions in mm 

AUGUST 1968 

l l 
(M``ullaJJrd 

V 

'F 39.7dia ~ 
max 
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max max 
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io

d¢sign 
(mA) 

1100 

1000 

900 

aoo 

700 

600 

500 

400 

300 

PL509 
D¢sign chart 

For stabilis¢d tim¢bas¢s 

84312 

%.ice r~~ ~ .... 

ii~ir■   ! 
./ /~~I   
/if 

:~ 

92=220V 

210V 

200V 

 ,~ 190V 

18ov 

f f
170V 

~ f 
~eov 

i ~
150V 

140V 

130V 

This d¢sign chart appli¢s to Vb =250V 

For oth¢r valu¢s of Vb th¢ following 

should b¢ add¢d to th¢ ¢nd of scan 

voltag¢ : 0 1(Vb- 250V ) 

200  ~ ' 
60 70 80 90 

Vo at ¢nd of scan (V) 

DESIGN CHART FOR STABILISED TIMEBASES 
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OUTPUT PENTODE PL509 

i 

Io
(A) 

1.4 

1.2 

10 

aB 

O.6 

04 

0.2 

0 

'PL509 B71B2 

Va- V92=160V ' 

V9g= OV 

i~ 

- 50 

~~

- 40 
V91(V) 

-30 

1

I9p 

t1 ~1~ ".. 

-20 -10 

ANODE AND SCREEN CURRENTS PLOTTED AGAINST 
CONTROL GRID VOLTAGE 

AUGUST 1968 
Mallard 
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400 2 

Ig2 Ia 
(mA) (A) 

300 1.5 

-20V 

200 1 

-25V 

-30V 

100 0.5 

0 

uau 
ritiii 
uii ii i~ 
1 ~■.~. o 
=~i i :■ 1 

Vg1 =0 
5V 
lOV 
15 

nnl 
M1/11 
111 ~ N~~•~~i~ 
nl 11 l/i■  
i MI I/ 1, 
u fur  /  
uulu nrrr ■ov_= 

100 200 300 400 500 Va (V) 

ANODE AND SCREEN GRID CURRENTS PLOTTED AGAINST 
ANODE VOLTAGE: 

g2 
= 160V 

400 2 

Ig2 Ia 
(mA) (A) 

300 1.5 

-25V 

200 1 

-30V 

100 0.5 
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uiuil~ 91=0 ■~ i PL5O9 ■  _ ■  _ a:....n~nu■ . _. ~...._.. . ~. 
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100 200 300 400 

88885 

500 Va (V) 

ANODE AND SCREEN GRID CURRENTS PLOTTED AGAINST 
ANODE VOLTAGE: 

g2 
= 175V 
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OUTPUT PENTODE PL509 

400 2 

Ig2 Ia 
(mA) (A) 

300 1.5 

-25V 

200 t 

-30V 

-35V 

100 0.5 

0 

~ ■ ,~ VgI =0 L- PL509 f f : Vgt =0 -- ■t=a■_a -5V _ :~: nm~■■ -10V _ . _ 
iiiH -15V !~ ~ii 

.0 au►, t _ 
u~in~ u i il~~ ■ 

IY LI,J ~~~ — __ ~ 

u,n~::~..  
_ ~~~Ml'. ~~ 

Il~f\■,\lN7■■~ ~~ 
~~•_..~ ~ ~■ 

~1■srlr~ ~1~=.Ire-~s T =4 c  - r-~ - 

8884 

100 200 300 400 

-25V 
iI 

V 
- 35V 
- 4O 

V92 =1gOv 

500 Va (V) 

ANODE AND SCREEN GRID CURRENTS PLOTTED AGAINST 
ANODE VOLTAGE: Vg2 = 190V 
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VIDEO OUTPUT PENTODE PL802 

Video output pentode for colour television receivers 

HEATER 

Suit

l

able for series operation, a.c. or d.c. 

h 
Vh

CAPACITANCES 

c, 
m 

c 
out 

ca-gl 
c max. 
a-gl 

CHARACTERISTICS 

V 
a 

V 
3 g 

V 
2 g 

V 1
g 

I 
a 
I 
2 g 

g m 

µg1-g2 

Mullarci 

300 mA 

16 v 

20 pF 

4.0 pF 

0.075 pF 

0.1 pF E-

170 V 

0 V 

170 V 

-1.3 V ~ 

30 mA 

6.5 mA 

40 mA/V 

70 
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OPERATING CONDITIONS (negative modulation) 

Vb 250V 

R~ 33052 

RD 56052 

CD 16µF 

Ra 2.7k12 

R 
2 

5.6kS2 
g 
Cg2 2,0µF 

Rk 3912 
~y1(D) 

(no bypass capacitor) 

°glro) 

F 

vl~ 

+4.OV F-

Vout(1) 
100V 

Vout(2) p
-p ~140V 

Video linearity ?0.8 

V~p-p approx. 5.OV 

lout 
max. 7.OmA 

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 

AUGUST 1968 
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VIDEO OUTPUT PENTODE PL802 

RATINGS (DESIGN CENTRE SYSTEM) 

92 

g1 

Val)  max. (supply) 400 V 

V max. (long term average) 300 V 
a 

Va max. (Ik =O) 550 V 

p max. 6,0 W 
a 

V 
2 

max. 300 V 
g 

Vg2 max. (Ii{=0) 550 V 

pg2 max. 2.5 W 

p 
2 

max. (intermittent rating, short duration) 3.0 W 
g 

mA 

kSl 

kSt 

V 

Ik max. 100 

Rgl-k 
max. 100 

Rgl-~{ max. (R t >395~ 500 

Vh-k max. 200 

h h k 

93 

h i

g3 

g1 

All dim¢nsions in mm 

222 
~ dia maxim

60 3 
max. 

AUGUST 1968 
Mallard 
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PL802   Beee~ 

I 

I92 

-3 Vg 1 (V) -2 0 

f 

ANODE AND SCREEN GRID CURRENTS PLOTTED AGAINST 
CONTROL GRID VOLTAGE 
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VIDEO OUTPUT PENTODE PL$02 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 
WITH CONTROL GRID VOLTAGE AS PARAMETER 
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BOOSTER DIODE 

Booster diode with a maximum peak inverse voltage of 4.75kV 
intended for use in television receivers with series connected 
heaters. 

PY81 

HEATER 

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

I h 300 mA 

Vh 17 V 

CAPACITANCES 

~a—k 

~h—k 

6.4 pF 

2.8 pFF 

LIMITING VALUES 

*P.I.V. max. 4.75 kVF— 

*~a~pk~ max. 450 mA 

la,a~~ max. 150 mA 

C max. 4.0 µF 

Vh ~i~.m,=.i max. 220 V 

/'~ *vh ti ~pk~ max. (cathode positive) 4.75 kVE—

*va . i,~„ k ~ max. (anode negative) 3.0 kV 

/"^~ 

*Maximum pulse duration 22°0 of one cycle with a maximum of 18µs. 

JUNE 7959 (1) Pah D1 
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~6151~
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BOOSTER DIODE 

Booster diode with a maximum peak inverse voltage of 6.6kV 
intended for use in transformerless television receivers with 
110" deflection angle cathode roy tubes. 

PY88 

HEATER 

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

Ih
Vh

CAPACITANCES 

cu -k 

~ll -k 

LIMITING VALUES 

*P.I.V. max. 
*ial ~,k ~ max. 

laia~.i max. 

Yh-e~r.m.s.l max. 

*vh-kipk l max. (cathode positive) 

300 m A 

30 Y 

8.6 pF 
2.0 pF 

6.6 kV 
550 mA 
220 mA 
220 V 

6.6 kV 

*Maximum pulse duration 22°0 of a cycle with a maximum of 18us. 

4947 

a 

kh h 

k 

a 
h 

IC 

IC / O " " o~ IC 

IC \ _ _ ~~ IC 

IC 

B9A Base 

All dimensions in mm 
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BOOSTER DIODE PY88 

PY88 
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BOOSTER DIODE PY5O0 

TENTATIVE DATA 

Booster diode for colour television timebase circuits 

HEATER : Suitable for series a.c. or d.c. operation 

Ih 300 mA 

Vh 42 V 

During operation the minimum resistance between any heater pin andanymains 

terminal for the heater chain should be 10052. The hot heater resistances of 

the other valves in the chain can serve for this resistance. 

CAPACITANCE S 

ca 
k 

13.5 pF 

ch 
k 

3.7 pF 

CHARACTERISTIC S 

Ia 440 mA 

r. 42 SZ 
i 

LIMITING VALUES (DESIGN CENTRE RATINGS) 

*P.I.V, max. 5.6 kV 

is  (pk) max. 800 mA 

Ia max. 440 mA 

*vil 
k 

(pk) max. (cathode positive) 6.3 kV 

pa max. 11 W 

*Maximum pulse duration 22% of one cycle with a maximum of 18µs. 

JULY 1965 
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a 
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x 
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All dim¢nsions in millim¢tr¢s 

J l 
1 

x 
a 
E 
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*Insertion of a 1.OW non-inductive 33052 carbon resistor between pins 3 and 4 is 

recommended to improve the high-tension properties of the tube. If no resistor 

is used, pins 3 and 4 should be interconnected. 
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BOOSTER DIODE PYSOOA 

~1 

~\ 

Booster diodefor colour television timebasecircuits.In existing equipment 
the PY500A is a direct replacement for the PY500.In new equipment designs 
the 30052 protection resistance from pin 3 to pin 4 or 5 is not required with 
the PY500A. 

HEATER: Suitable for series operation, a.c. or d.c. 

h 
Vh

300 

42 

mA 

V 

During operation the minimum resistance between any heater pin and any 
mains terminal for the heater chain should be 10052. The hot heater resis-
tances of the other valves in the chain can serve for this resistance. 

'~, CAPACITANCES 

ca_k 13 pF 

ch-k 
3.7 pF 

CHARACTERISTICS 

I 440 mA 
a 
r. 45.5 S2 
i 

RATINGS (DESIGN CENTRE SYSTEM) 

*P.LV. max. 5.6 kV 

*P.I.V. max. (absolute rating) 7.0 kV 

ia(Pk) 
max. 800 mA 

I max. 440 mA 
a 

*vh-k(pk) 
max. (cathode positive) 6.3 kV 

pa max. 11 W 

*Maximum pulse duration 22% of one cycle with a maximum of 18µs. 

DECEMBER 1968 PY500A Page 1 
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OUTLINE DRAWING 
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CT1 Top Cap 

X30.2 
max 
dia 

10 6.5 115.2 
max max 

All dimensions in mm 

*In existing equipment using the PY500 a resistor may be wired from pin 3 
to pin 4 or 5, or pins 3 and 4 may be interconnected. When replacing the 
PY500 with the PY500A the resistor or interconnection need not be removed. 
In new equipment designs using the PY500A pin 3 should be left unconnected. 
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BOOSTER DIODE PY800 ~ 

Booster diode for use in television receivers employing 110" deflection angle 

cathode ray tubes. 

HEATER 

Ih

Vh

CAPACITANCES 

ca-k 

ch-k 

LIMITING VALUES 

*P.I.V, max. 

is  (pk) max. 

Ia (av) max. 

*vh k (pk) max. (cathode positive) 

*Maximum pulse duration 22% of one cycle with a maximum of 18µs. F 

6151 

a 

IC 

IC 

k 

B9A Base 

IC 

IC 

All dimensions in mm 

MAY 1965 

300 mA 

19 V 

6.0 pF< 

2.2 pF<-

5.75 kVE-

450 mA<-

175 mA ~ 

6.0 kVf—
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TRIPLE DIODE TRIODE 

Triple diode triode with 100mA heater and one diode 
having a separate cathode. Primarily intended for 
use in f.m.a.m. receivers. 

UABC80 

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

Ih
Vh

CAPACITANCES 

~g—a'd 

cat—a'd 

fat—a'"d 

fat—k"d 

cg-a^a 
Cn—k"d 

Triode section 

cin 

c~„t 
Ca_~ 

~K—li

Diode sections 

ca' d—(h+kt, k' d, k'"d, s) 

~a"d- (h+k"d-I-kt,k'd,k'"d,c) 

~a"'d—~h+kt,k'd,k^d,c) 

~k"d—all 

~a'd—h 

Ca"'d. .h 

ck"d --h 

CHARACTERISTICS 

Triode section 

V,, 170 
Vfi -1.85 
la 1.0 
g,,, 1.45 
µ 70 
ra 48 

Vg max. (Ig = +0.3µA) 

100 mA 
28 V 

70 mpF 
-120 mpF 
-100 mpF 

10 mpF 
20 mpF 

5.0 mpF 

1.9 pF 
1.4 pF 
2.0 pF 

• 40 mpF 

800 mpF 
4.8 p F 
4.8 pF 
5.0 pF 

•c 250 mpF 
:200 mpF 

2.5 pF 

200 V 
-2.3 V 
1.0 mA 
1.4 mAiV 
70 
50 k52 

-1.3 V 

Diode sections 

ra'd (Va'd = -f-10V) 5.0 kS2 
ra"a (Va"d = +5V) 200 12 
ra^d (Va"'d = +5V) 200 S2 
ra"d/ra-d 0.65 to 1.5 

FEBRUARY 1960 (1) 

~1 
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UABC80 TRIPLE DIODE TRIODE 

OPERATING CONDITIONS 
AMPLIFIER* (with grid current biasing) 

Vn Ra l.ti 
(V) (kS2) (mA) 

AS 

Vouk 

RESISTANCE COUPLED 

for Vouth~.ro.$) 
=3V =5V =8V 

A.F. 

Rat 
(kS2) V,,, 

170 47 1.25 32 0.6 1.1 2.0 150 
170 100 0.82 42 0.5 0.8 1.3 330 
170 220 0.46 51 0.4 0.5 1.1 680 

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 10MS?. 

tRR =grid resistor of following value. 

LIMITING VALUES 

Triode section 

V;,~~~ max. 550 V 
V„ max. 250 V 
p„ max. 1.0 W 
I~ max. 5.0 mA 
R~ k max. 3.0 MS2 

j-Vi, k max. 150 V 
R„_k max. 20 kS2 

tln order to avoid excessive hum the a.c. component should be as 
low as possible (<:30V,.,,,, .) 

Diode sections 

P.LV.~~,-d) max. 350 V 
P.LV.( ~--d) max. 350 V 
P.LV.(;~-- d) max. 350 V 
I,•~ max. 1.0 mA 
la"~ max. 10 mA 
I~md max. 10 mA 
ia~a(pk) max. 6.0 mA 
~a"d(pk) max. 75 mA 

is"d(nk) max. 75 mA 

FEBRUARY 1960 (1) Page D2 



TRBPLE Di®DE TRI®DE 

MICROPHONY 

o°1d 
o~d 

UABC80 

This valve can be used without special precautions against micro-
phony in circuits in which the input voltage is not less than 10mV 
for an output of 50mW from the output stage at 800c1s and higher 
frequencies. 

a a'd 

kt, kd, k~~d,s h 

~aao2~ 

h kid 

h i
od 

k {,k ~d,k°d,s 

9 

B9A Base 

All dimensions in m m 

e 

6
0
.5

 m
a

x
 

It is recommended that pin 5 be earthed. 
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TRIPLE DIODE TRIODE UABC80 
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UABC80 TRIPLE DIODE TRIODE 

Iaid 

(mA) 
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6880 UABC80 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE FOR DIODE 
SECTION a'd
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TRIPLE DIODE TRIODE UABC80 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE FOR DIODE 
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UABC80 TRIPLE DIODE TRIODE 

6077   UABC80 
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TRIPLE DIODE TRIODE UABC80 

6876   UABC80 
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UABC80 TRIPLE DIODE TRIODE 

6874 UABC80 
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TRIPLE DI©DE TRI©DE UABC80 
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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. 

UBF89 

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

I,, 100 mA 
V ~, 19 V 

MOUNTING POSITION Any 

CAPACITANCES 

4i ~~~ e, 

c„"~i ~~ 
c,. ~~i :~ 

c:~'d ., 

< 0.0008 p F 
<0.001 pF 
<0.15 pF 
<0.025 pF 

Pentode section 

c„ , <0.0025 pF 
c,,,,, 5.2 pF 
q,, 5.0 pF 

c, i ~, 0.05 p F 

Diode sections 

~~~rd k 

~a~~d ai d 

~n ' d n 
ca'a n 

2.5 pF 

2.5 pF 
<,0.25 pF 
60.015 pF 
<0.003 pF 

CHARACTERISTICS 

V;, 100 200 V 

V ,;, 0 0 V 

V,., 100 100 V 

V~, -2.0 -1.5 V 
I;, 8.5 11 mA 
I,;, 
g,,, 
r;, 

2.8 
3.5 

300 

3.3 
4.5 

600 

mA 
mA V 

kit 

I-BFI-R_ — 2O 

V~1 (gm - 120µA,V) -10 -20 V 
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UBF89 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 

ore only suitable for a.m. detection. 

TYPICAL OPERATING CONDITIONS 

Va = V~ 170 170 200 200 V 

Vg3 0 0 0 0 V 

Rgz 27 21 47 30 kit 

Vgl —0.5* —1.5 —0.5* —1.5 V 

Rx — 105 — 105 i2 

la 11 11 9.5 11 mA 

Ig2 3.4 3.4 2.8 3.3 mA 

gm 5.0 4.5 5.0 4.5 mA/V 

ra 450 450 600 600 kS2 

Re n 2.5 3.5 2.5 3.5 kS2 

gm (Vsi = —20V) 65 65 115 120 µA/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. 

LIMITING VALUES 

Pentode section 

Va~p~ max. 550 V 

Va max. 250 V 

pa max. 2.25 W 

VBzib ~ max. 550 V 

Vg2 max. (I~<4.OmA) 250 V 

Vg2 max. (la >8.OmA) 125 V 

p62 max. 450 mW 

Ix max. 16.5 mA 

Vgl max. (Igl = -{-0.3µA) —1.3 V 

Rg,_x max. 3.0 MS2 

R g,_x max. (grid current biasing) 22 Mil 

R63_ x max. 10 kS2 

Rh_ x max. 20 kS2 

Vb_x max. 100 V 

ISSUE 1 UBF89 357-2 



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. 

UBF89 

Diode sections (each section) 

P.I.V. max. 200 V 

I~~ max. 800 ;,A 

iaalnx~ max. 5.0 mA 

Rh_ k max. 20 kit 

Vh_ k max. 100 V 

MICROPHONY 

93 
9 1
a' d 

This valve can be used without special precautions against microphony in 

circuits in which the input voltage is >25mV (r.m.$) for an output of 
50mW from the output valve. 

~4~ 

ks h 

h 
a 

k,s OOO a'A 
92 

--a,.d 
91 

.,o o., o„d 

92 93 
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UBF89 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. 

2840 

O 
-.-. 1' 

a  "' 
ary _ ~ 

UBF89 

VI I I 

va =loo to 2oov 

Vp = 20 
R92 = 30k 

r 

e

V91(V) —30 —20 —10 O 

io,000 

 J000 

i000 

300 

ICO 

30 

O 

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

UBF89 

2841 UBF89 

I I 1 1 1

va = 10o so 20ov 

Vy = 200V 
R9 2 = 30 kil 

J 

  00
/rry

9m 
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v91 v — 30 —20 —10 O 

MUTUAL CONDUCTANCE PLOTTED AGAINST CONTROL-GR D VOLTAGE 
WITH SCREEN-GRID VOLTAGE AS PARAMETER 
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UBF89 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. 

UBF89 2933 

I I 1 1 1 
Va= V92= IOOV 

ro

Ia

9m 

i92 — 

I 

(u Ai 
9m 

(yA{V] 

ra

(M n) 

10,000 100 

3000 30 

1000 10 

300 

100 

3 

30 0 3 

10 O~1 

V91(V) -IS -10 -5 O 

ANODE AND SCREEN-GRID CURRENT, MUTUAL CONDUCTANCE AND 
ANODE IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE 

Va = Vs2 = 100V 
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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. 

UBF89 

UBF89 2931 

I I I 

Vb = 170 V 
R92 :  175 kC~ 

ra 

1 

Io 

9m 

1 

I92 

I 
(µA) 
gm 

~µA/V) 

10,000 

3000 

1000 

300 
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30 

10 

100 

30 

10 

3 

O.3 

O~I 

Vgl(V) -30 -2 O -10 O 

ANODE AND SCREEN-GRID CURRENT, MUTUAL CONDUCTANCE AND 
ANODE IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE 

V h ￼170V 
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UBF89 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 
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. 

UBF89 
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R.F. DOUBLE TRIODE UCC85 

Double triode with 100mA heater primarily intended for use in f.m./a.m. 

receivers as an r.f. amplifier and self -oscillating additive mixer. 

HEATER 

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

Ih

Vh

CAPACITANCES 

* 

ca-g 
*c 

g-k+h+s 
*c a-k 

ca-k+h+s 

*tca-k+h+s 

ca'-a" 
tca'-a" 
cg. _g„ 

ca„_g, 

c a, _g., 

ca"-k' 

c a' -k'• 
cg„_k, 

cg,_k„ 

*Each section 

100 mA 

26 V 

1.5 pF 

3.1 pF E-

180 mpF 

1.2 pF 

1.8 pFE—

<40 mpF 

<8.0 mpF 

<3.0 mpF 

<8.0 mpF 

<8.0 mpF 

<8.0 mpF 

<8.0 mpF 

<3.0 mpF 

<3.0 mpF 

tMeasured with an external shield. 

CHARACTERISTICS (each section) 

Va 170 200 V 

Ia 10 10 mA 

V 
g 

g 
m 

-1.75 

6. 7 

-2.4 

6.0 

V E—

mA/V <—

µ 48 46 <—

r 7.1 7.7 ld2 E --
a 
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OPERATING CONDITIONS AS R.F. AMPLIFIER 

Va

Vb

R a 
I a 
Rk

gm 
r a 
rgl (f = 100Mc/s) 

R 
eq 

155 161 V 

170 170 V 

1.5 1.3 kSZ 

9.8 6.8 mA <-

150 330 SL ~ `„~r 

8.7 5.1 mA/V <-

7.0 8.5 l6t E--

3.8 5 , 2 1dZ F 

550 820 St 

OPERATING CONDITIONS AS SELF -OSCILLATING ADDITIVE MIIXER 

feedback, see basic circuit in fig.l.) 

Vb 170 200 

(with i.f. 

V 

Ra 4.7 8.2 kS2 

*R g-k 1.0 1.0 MSZ 

I 
a 5.5 6.0 mA <-

Vosc (r.m.s.) 2.8 2.8 V 

gc 2.8 2.9 mA/V <-

ra 15 14 kS2 

*The presence of the i.f. feedback voltage tends to stabilise the performance of 

the oscillator and hence permits this relatively high value to be used for the grid 

leak . 

~✓ 

A 

DECEMBER 1965 
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R.F. DOUBLE TRIODE U CC85 

RATINGS (ABSOLUTE MAXIMUM SYSTEM) 

(each section unless otherwise specified) 

Va(b) 
max. 550 V 

Va max. 250 V 

pa max. 2.5 W 

pa, + pa„ max. 4.5 W 

-k max. 15 mA 

-V max. 100 V 
g 

Rg-g max. 1.0 MSZ 

* Vh-g max. 90 V 

Rh-g max. 20 1cSt 

*When operating as an oscillator no r.f. voltage should be applied between 

heater and cathode. 

sa66s~ 

a' s a~~ 

k' h h k~~ 

9 u 

h 

h O. O `O a' 

k" Os ,O 9' 

g•' OOH 'OO k' 

a'   s 

B9A Bas¢ 

All dim¢nsions in mm 

492 
max 

 22 
max 

The triode on pins 6, 7, 8 should be used as the r.f. amplifier and that on 

pins 1, 2, 3 as the self -oscillating additive mixer. 

DECEMBER 1965 
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R.F. DOUBLE TRIODE UCC85 

84328 

Va(V) -6 

UCC85 

-4 -2 

Ia
(m A) 

25 

O 

20 

15 

10 

5 

O 

ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE WITH ANODE 

VOLTAGE AS PARAMETER 
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R.F. DOUBLE TRIODE U CC85 
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R.F. DOUBLE TRIODE 
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TRIODE HEPTODE 

Triode heptode with 100mA heater primarily intended 
fbr use as a frequency changer. 

UCH81 

HEATER 

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

Triode n section 
2.6 c;,, 2.6 c;,, 
2.1 c,,,,, 2.1 c,,,,, 
1.0 c;, 1.0 c;, ,; ,; 

G20 cR-~, G20 cR-~, 

In 100 
Vh 19 

CAPACITANCES 

can at 200 
can -~~ ,90 
can-g3+a~ X350 
cgl-at <60 
cgl_gt `170 
cel-e3+gt ;450 

Heptode section 

c;niru 4.8 
c;~~Fs~ 6.0 
ca„~ 7.9 
ca- ~;, 
cal -~:; 

<6.0 
-,300 

c~~-n X170 
ci s- ~, `60 

Triode section 
c;,, 
c,,,,, 
c;, ,; 

2.6 
2.1 
1.0 

cR-~, G20 

mA 
V 

mpF 
mpF 
mpF 
mpF 
mpF 
mpF 

pF 
pF 
pF 

mpF 
mpF 
mpF 
mpF 

pF 
pF 
pF 

mpF 

OPERATING CONDITIONS FOR HEPTODE SECTION AS R.F, 

OR I.F. AMPLIFIER 

V~1 max. (I~1 = +0.3µA) 
V~;; max. (1~;3 = +0.3µA) 

JULY 7960 (1) 

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

In 100 
Vh 19 

CAPACITANCES 

can at 200 
can -~~ ,90 
can-g3+a~ X350 
cgl-at <60 
cgl_gt `170 
cel-e3+gt ;450 

-1.3 V 
-1.3 V 

Page Di 



UCH81 TRIODE HEPTODE 

A) 
VgZ _ g ~ max. (la < 1mA) 
pg2 _g ~ max. 
I k max. 
Rgl k max. 

*Rgs x max. 
Rr, k max. 
Vn u max. 

Ig3+gt 200 
g~ 750 
ra 0.9 
Re4 70 
Vgl (for 100: 1 

reduction in g~) —24 

CHARACTERISTICS 

Triode section 

Va 100 V 
Ift 13.5 mA 
Vg 0 V 
gm 3.7 mA~V 
~ 22 

Vg max. (Ig +0.3uA) —1.3 V 

J

LIMITING VALUES 
Heptode section 

Va~bl max. 550 V 
Va max. 250 V 
pa max. 1.7 W 
Vgz-g~(~,~ max. 550 
Vg2,g~ max. (I, = 7.6mA) 125 
VgZ _ g ~ max. (la < 1mA) 250 
pg2 _g ~ max. 1.0 
I k max. 12.5 
Rgl k max. 3.0 

*Rgs x max. 3.0 
Rr, k max. 20 
Vn u max. 100 

Paga D2 

V 
V 
V 
W 

mA 
MS2 
MS2 
kf2 
V 

*If the two sections of the valve are switched during operation so that there 
is no direct connection between g3 and g, , as may occur in f.m.la.m. 
receivers, then Rgs ~; max. = 20kS2. 

JULY 1960 (7) 

Ig3+gt 200 
g~ 750 
ra 0.9 
Re4 70 
Vgl (for 100: 1 

reduction in g~) —24 

Ig3+gt 200 
g~ 750 
ra 0.9 
Re4 70 
Vgl (for 100: 1 

reduction in g~) —24 

Paga D2 

prto o ta hr
s n i et cneto ewe 3 ad g  s my ocr i . .am 
eevr , te g  ; mx  0S.

ULY 1960 (7) 



TRIODE HEPTODE 

.-. 

UCH81 

Triode section 

Va(b) max. 550 V 
Va max. 250 V 
pa max. 800 mW 
Ix max. 6.5 mA 
R~_~; max. 3.0 MS2 
Vh_~; max. 100 V 
Rh _k max. 20 kS2 

The heptode section of this valve can be used without special precautions 
against microphony in circuits in which the input voltage is not less than 
50mV for an output of SOmW from the output stage. The corresponding 
figure for the triode section is 25mV. 

/"~ 

~~ +222 max+ 

.~. 

ah at 

k,g5,s h 

6397 

h 

k,g5,s 

gt 
gl 

92,94

h 
ah 

0 0 0 
O O 
O O 
O O 

gt 

B9A Base 

a 

All dimensions in mm 

JULY 1960 (7) 
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TRIODE HEPTODE UCH81 

o» UCH81 
I I I I I 

Heptode section 

Vo =170 to 200V 
Vg~ = OV 

ub = 170V 

R92*94 =ISkR 

i 
i

Vb=200V 
R92 * 94 =18kf1 

r 

0 0 

~,

I

1 

10 

 i  
V91 (V —30 —20 —10 0 

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE FOR 
HEPTODE SECTION 

JULY 1960 {1) Page C1 
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UCH$I 

TRIODE HEPTODE 

1 1 1 I I 
Heptode s¢ction 

Vo =170 to 200V 
V93 = OV 

I I I 
Vb= 200V 

R92+94 =18kf1 

Vp = 170V 
R92+94 =18kC1 

00

~i

1

O 
h 

7162 
9m 

(YA/V) 

3000 

1000 

300 

100 

30 

10 

30 

I .O 

Vg ~(V) - 30 - 20 —10 O 

MUTUAL CONDUCTANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE 

FOR HEPTODE SECTION 

JULY 1960 (1) Page C2 



TRIODE HEPTODE UCH81 

S 
(yA) 

gm 
( Na/v) 
Req

(k(1) 

1000 

300 

100 

30 

10 

30 

i•O 

UCH81 70]< 

I I I 
H eptode section 

Vo = 170V 
Vb = 170V 

R92+g4 - ISk(1 
V93 =0V 

ro

9m 

Req

ro

( MI1) 

100 

30 

t0 

3~0 

h0 

0 3 

OI 

Vy (V) - 30 - 20 -i0 O 

ANODE AND SCREEN-GRID CURRENTS, MUTUAL CONDUCTANCE, 
ANODE IMPEDANCE, AND EQUIVALENT NOISE RESISTANCE PLOTTED 

AGAINST CONTROL-GRID VOLTAGE FOR HEPTODE SECTION. 
Va = 170V 

JULY 1960 (1) Pa>ta C3 



UCH81 TRIODE HEPTODE 

I 
(}IA) 

9m 
(mA/V) 

Re

(kn) 

1000 

300 

100 

30 

10 

3.0 

Io 

UCH81 

I I I I I 
Heptode section 

vyl(v) -30 -20 

,oeo 
Io

- 0 0 

r0

(MP) 

300 

100 

30 

10 

3.O 

10 

O 3 

o• I 

ANODE AND SCREEN-GRID CURRENTS, MUTUAL CONDUCTANCE, 
ANODE IMPEDANCE, AND EQUIVALENT NOISE RESISTANCE PLOTTED 

AGAINST CONTROL-GRID VOLTAGE FOR HEPTODE SECTION 
V~, = 200V 

JULY 1960 (1) Page C4 



TRIODE HEPTODE UCH81 
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SCREEN-GRID CURRENT PLOTTED AGAINST SCREEN-GRID VOLTAGE 
WITH CONTROL-GRID VOLTAGE AS PARAMETER FOR HEPTODE SECTION 

JULY 1960 (1) Page CS 



UCH81 

Iot 
( mA) 
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6582 UCH81 

TRIODE HEPTODE 

1 1 1 1 1 1 1
Triode section 

Vot = I OOV 

9m  

9m 

(mA/V) 

6 

5 

4 

3 

2 

0 

V9t (V -6 -4 -2 O 

ANODE CURRENT AND MUTUAL CONDUCTANCE PLOTTED AGAINST 
GRID VOLTAGE FOR TRIODE SECTION 

JULY 1960 (1j Pace C6 



TRIODE HEPTODE 
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UCH81 TRIODE HEPTODE 

7161 

/~ 

I

UCH81 
I I I I I 

Va = 170V 

R9t+93- 47kf2 

I 9t+93 - 200NA 

Vb ~ 170V 
R92+94=IOkfl 

O 
.`o 0 

i 

h 

V9 (V) -30 - 20 -10 O 

3000 

1000 

300 

100 

30 

10 

30 

ISO 

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WHEN 
USED AS A FREQUENCY CHANGER. 

V6 = 770V 

JULY 1960 (1) Page CS 
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TRIODE HEPTODE UCH81 

7073 UCHSI 
I I I 1 

Va = 200V 
Rgt+93 = 47kR 

i 9t+93 =.230 NA 

Vb = 200V 

R92+94 = IOkfl 

O O 
h 

'9 

(NA) 

3000 

1000 

300 

100 

30 

10 

3.O 

I.O 

Vg ( V - 30 - 20 - 10 O 

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WHEN 
USED AS FREQUENCY CHANGER. 

Va = 200V 

~~ 
  M`u`llaJJrd  

V 
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UCH81 TRIODE HEPTODE 

~o~s UCH81 

Va a 170 V 
R9t+93-47 k(1 
I9t+93=200NA 

I 

~/ 

9c 
(NA/V) 

300 

100 

30 

10 

30 

I.0 

V9 (V) - 30 - 20 -10 O 

CONVERSION CONDUCTANCE PLOTTED AGAINST CONTROL-GRID 
VOLTAGE WHEN USED AS A FREQUENCY CHANGER. 

Va = 170V 

JULY 1960 (1) Page C10 
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TRIODE HEPTODE 

V91(V) — 30 

O 

UCH81 

Va = 200V 
R9t+93=47kf1 
I9t+93=230)aA 

Vb = 200V 

R92*94 =10kI1 

— 20 

O 
O O 

h 

—10 

UCH 8i 

~0~2 

0 

9c 
( NA/ V) 

300 

100 

30 

10 

3.0 

I~O 

CONVERSION CONDUCTANCE PLOTTED AGAINST CONTROL-GRID 
VOLTAGE WHEN USED AS A FREQUENCY CHANGER. 

Va = 200V 
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UCH81 TRIODE HEPTODE 

1000 

300 

100 

30 
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3 O 

I.0 

Vg (V) — 30 

UCH81 

— 20 

7076 

—10 0 
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Rey 
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O 3 
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O 03 

O.OI 

ANODE AND SCREEN-GRID CURRENTS. CONVERSION CONDUCTANCE, 
ANODE IMPEDANCE AND EQUIVALENT NOISE RESISTANCE PLOTTED 
AGAINST CONTROL-GRID VOLTAGE WHEN USED AS A FREQUENCY 

CHANGER. V~ = 170V 

JULY 1960 (1) Page C12 
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TRIODE HEPTODE 

~o~o 

1000 

300 

100 
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10 
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I.0 

UCH81 
I I I 

Vo=200V 
Vb=200V 

R92+94 = IOkCl 
R9t+93=47k(1 

I9t+93' 230yA 

UCH81 

A 

9c 

ra

RQG

Io

ra
(M P) 
R eQ
(M fl) 

10 

3 0 

I.0 

O.3 

01 

0 03 

0.OI 

Vg (V) - 30 - 20 - I O 0 

ANODE AND SCREEN-GRID CURRENTS, CONVERSION CONDUCTANCE, 
ANODE IMPEDANCE AND EQUIVALENT NOISE RESISTANCE PLOTTED 
AGAINST CONTROL-GRID VOLTAGE WHEN USED AS A FREQUENCY 

CHANGER. Vft = 200V 
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UCH 81 TRIODE 1-9EPTODE 

VOSC 

(Vr. m.$) 

30 

25 

20 

IS 

10 

5 

0 

1 

(m A) 

12 

10 

8 

6 

4 

2 

0 

UCH 81 7079 

Vo _ 170V 
Vy= 70V 
R92+ 94=10 k11 

Rg~+g3 = 47kR 

V91= -2.2V 

ro

 t
I92+94 

■

9c 

Vosc 

Io

9c 
(m ASV) 

ro

(M[1) 

I.2 

I.0 

OB 

O 6 

0 4 

O'2 

0 

O 100 200 300 
I9t*93 YA) 

ANODE AND SCREEN-GRID CURRENTS, CONVERSION CONDUCTANCE, 
ANODE IMPEDANCE AND OSCILLATOR VOLTAGE PLOTTED AGAINST 

OSCILLATOR-GRID CURRENT. 
V, -= 170V 
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TRIt'7DE HEPTOC)E 

Vosc 

(Vr.m.sJ 

30 

25 

20 

15 

10 

5 

0 

12 

10 
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4 
2 

0 

UCH81 
111 1 1

Va = 200V 
Vb= 200V 
Ry 2+y q = IOk(1 
Rg t a g 3 = 47kf1 
Vgl = - 2.6V 

o~i 

0 100 200 300 
I9tr93 NA) 

9c 
(mA~V) 

ra

( Mf1) 

12 

10 

o•e 

O.6 

0 4 

0.2 

0 

ANODE AND SCREEN-GRID CURRENTS, CONVERSION CONDUCTANCE, 
ANODE IMPEDANCE AND OSCILLATOR VOLTAGE PLOTTED AGAINST 

OSCILLATOR—GRID CURRENT. 
V;~ — 200V 

-JULY 1960 (1) Paye Cis 





TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 
frequency applications. 

UCL82 

HEATER 

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

I❑
Vn

MOUNTING POSITION 

CAPACITANCES (measured without external shield) 

cal -~ rn 
ce•I _nh 
Co, -KIU 

~at_uu 

Pentode section 

c,„ 9.3 
c~~~ll 8.0 
~A--EI <0.3 
c€si—n <,0.3 

Triode section 

41_~:.n 4.3 
C8_k.h 2.7 
c;, 
c~ n 

4.2 
<0.02 

CHARACTERISTICS 

Pentode section 

V~ 100 200 
V~2 100 200 
I;, 26 35 
IF, 5.0 7.0 
V~~ -6.0 -16 
gm 6.8 6.4 
r;, 15 20 
;~,,_; 10 9.5 

Triode section 

V;, 100 
I,, 3.5 
Vo 0 
g,,, 
r, 
to 

2.5 
28 
70 

ISSUE 1 

100 mA 
50 V 

Any 

<0.02 pF 
<0.02 pF 
<0.025 pF 
<0.25 pF 

pF 
p F 
pF 
pF 

pF 
pF 
pF 
pF 

V 
V 

mA 
mA 

V 
mAV 

kSZ 

V 
mA 
V 

mA V 
kS2 

UCL82 1156-1 



uc~sz TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 

frequo_ncy applications. 

PENTODE SECTION AS AUDIO OUTPUT VALVE 

Single valve class ̀ A' 

Va 100 

Vgz 100 

V61 —6.0 

1x101 26 

200 

200 

—16 

35 

V 

V 

V 

mA 

182101 5.0 7.0 m A 

V in,r.ms., Pout-=50mW 650 600 m V 

Rn 3.9 5.6 kS2 

Vin,r.m.,.i 3.8 6.6 V 

"Pont 1.0 3.5 W 

Dtot 9.0 10 °>, 

Two valves in class `A B' push-pull 

Va 100 200 V 

Vgz 100 200 V 

tRx 150 190 S2 

laio~ 2x20 2x35 mA 

I, (max. sig.) 2x22.5 2x39.5 mA 

1v2i0i 2x4.0 2x7.0 mA 

I K, (max. sig.) 2 <7.0 2:16.5 mA 

R.~_v 5.0 6.0 ki? 

Vint~i-xlir.m. . 12.4 25 V 

Po„r 2.3 9.8 W 

Diot 4.0 4.0 ,, 

tCommon cathode bias resistor. 

*P,,,,t and Dt,,, are measured at fixed bias and therefore represent the 
power output available during the reproduction of speech and 
music. 

ISSUE 1 U CL82 1156-2 



TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 
frequency applications. 

UCL82 

TRIODE SECTION 

V~, Ra

AS A.F. AMPLIFIER 

l a Rb R g Zaource Voun tot Rgi~ 
(~) (k~) (mA) (k~) (M~) (k~) v,a (°~o) (k~) 
200 100 0.85 1.5 3.3 0 47 1.0 330 
150 100 0.6 1.8 3.3 0 45 1.9 330 
100 100 0.38 1.8 3.3 0 41 6.0 330 

200 100 0.85 1.5 3.3 220 43 0.85 330 
150 100 0.6 1.8 3.3 220 41 1.05 330 
100 100 0.38 1.8 3.3 220 34 3.6 330 

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 3.3 0 47 4.25 680 

200 220 0.52 2.2 3.3 220 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 

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 

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 5.9 330 

200 220 0.59 0 22 0 56 0.8 680 
1 SO 220 0.4 0 22 0 53 1.7 680 
100 220 0.21 0 22 0 46 5.6 680 

200 220 0.59 0 22 220 51 2.0 680 
150 220 0.4 0 22 220 4F.5 1.4 680 
100 200 0.21 0 22 220 42 3.1 680 

V°"r measured with an input voltage of 100mV 
Vin 

Dr,,t measured for Vo„t 10V 

*Grid resistor of following valve. 

MICROPHONY 

The triode section can be used without special precautions against 
microphony in circuits in which the input voltage is ' 10mV~r.m.s.~ 
for an output of 50mW from the output stage. 

ISSUE 1 
Mullard I

UCL82 1156-3 



UCL82 TRIODE PENTODE 

Comhined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 

frequency applications. 

LIMITING VALUES 

Pentode Section 

Va~b~ max. 550 V 
Va max. 250 V 
pa max. 7.0 '✓V 

Vgzlb~ max. 550 V 
Vg2 max. 250 V 
pg2 max. 1.8 W 
pg2 max. (max. sig. speech and music) 3.2 W 
I k max. 50 mA 
Rgl_ k max. (self bias) 2.0 MS2 
Rgl_ k max. (fixed bias) 1.0 MS2 
Vb._k max. 200 V 
Rb_ k max. 20 kS2 

Triode Section 

V~~n~ max. 550 V 
Va max. 250 V 
pa max. 1.0 W 
I k max. 15 mA 
Rs_ k max. (self bias) 3.0 MS2 
Rg_k max. (fixed bias) 1.0 MS2 
Rg_ k max. (grid current biasing) 22 MS2 
Zg_k max. (f 50c/s) 500 kS2 
Vb_k max. 200 V 

Rb_k max. 20 kS2 

2324 

ap of 

ISSUE 1 

h 

89A Base 

~1 
M`u`llaJJrd

V 
UCL82 1156-4 



TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 
frequency applications. 
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TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 

frequency applications. 
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TRIODE PENTODE 

Comhined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 
frequency applications. 
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UCL82 TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 

frequency applications. 
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TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 
frequency applications. 
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UCL82 TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 

frequency applications. 
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TRIODE PEtVTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 
frequency applications. 
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UCL82 TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 

frequency applications. 
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TRIODE PENTODE 

Combined triode and output pentode with separate 
cathodes and 100mA heater intended for use in audio 
frequency applications. 
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VARIABLE-MU R.F. PEi11TODE 

Variable-mu pentode for use as r. f. or i.f. amplifier in 
f.m./a.m, receivers with series connected heaters. 

UF89 

HEATER 

Ih
Vh

CAPACITANCES 

~ln 

bout 

~a-Si 
~gl-h 

~B1-82 

CHARACTERISTICS 
Va 170 
V63 0 
VgZ 100 
Vgl -1.2* 
I, 12 
Ig2 4.4 
gm 4.4 
ra 400 
last-sz 21 

100 mA 
12.6 V 

5.5 pF 
5.1 p F 

<2.0 mpF 
50 mpF 

2.1 pF 

170 V 
0 V 

110 V 
-2.0 V 
12 mA 

3.9 mA 
3.8 mA/V 

525 kS2 
-

*At this voltage, grid current may occur. If this is not acceptable the 
negative bias should be increased to -2.OV. 

--~., 

OPERATING CONDITIONS 

Va=Vc, 170 170 200 200 V 
Vg;, 0 0 0 0 V 
Rg2 22 15 33 24 kS2 
Vgl -0.5* -2.0 -0.5* -2.0 V 
R,; - 130 - 130 S2 
Rgl 10 - 10 - MS2 
la 11.8 11 11.3 11.1 mA 
Ig2 4.3 3.9 3.9 3.8 mA 
gm 5.2 3.8 5.15 3.85 mA/V 
ra 400 450 475 550 kS2 
RQY 2.6 4.5 2.5 4.2 kS2 
gam, (Vsl -20V) 1.10 110 150 160 uA/V 
rg (f 50Mc/s) - 10 - 10 kS2 

*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 -2.OV. 
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UF89 VARIABLE-MU R.F. PENTODE 

LIMITING VALUES 

Vaib~ max. 550 V 
Ve max. 250 V 
pa max. 2.25 W 
VsaiD~ max. 550 V 
VgQ max. 250 V 
p62 max. 450 m W 
I k max. 16.5 mA 

*Rgl_ k max. 3.0 MS2 
Rg,_k max. 10 kS2 
Vh_k max. 150 V 
Rb_k max. 20 kS2 

*With grid current biasing R~I_ k max.-=22MS2. 

~ I 
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VARIABLE-lr1lJ R.F. PENTC7DE UF89 
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UF89 VARIABLE-MU R.F. PENTODE 

2982 U F 89 
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VARIABLE-MU R.F. PENTODE UF89 
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VARIA03LE-MU R.F. PENTODE UF89 
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UF89 VARIABLE-MU R.F. PENTQDE 
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OUTPUT PENTODE 

Output pentode rated for 12 W anode dissipation and 
with 100mA heater for use in equipment with series 
connected heaters. 

UL84 

HEATER 

111 
Vh

CAPACITANCES 
din 

cent 

Ca_gl 

cgt_1, 

CHARACTERISTICS 

100 mA 
45 V 

12 pF 

6.5 pFF-

<600 mpF 
<250 mpF 

Va 100 170 200 V 
Vg2 100 170 ~` V 
Ia 43 70 60 mA 
Ig2 3.0 5.0 4.1 mA 
Vgl —6.7 —12.5 —17.3 V 
gT„ 9.0 10 8.8 mA/V 
ra 23 23 28 kS2 
ugl_g2 8.0 8.0 8.0 

* Vg21b1 = 200V, Rg2 = 47052 

OPERATING CONDITIONS AS SINGLE VALVE AMPLIFIER 
Va 100 170 200 V 

Vg2 100 170 V 
R~; 145 170 270 S2 
Rn 2.4 2.4 2.4 kS2 

Ia 43 70 60 mA 
Ig2 101 3.0 5.0 4.1 mA 

Vin~r.m.s.~ 
(P„nt=50mW) 500 500 550 mV 

Vin~r.m.s.1 4.3 7.0 7.8 V 

Pont 1.9 5.b 5.2 W 

Dtot 10 10 10 
Ig2 ,max, syg., 11 22 12.5 mA 

*Vg21t,1 = 200V, Rg2 = 47052 undecoupled. 

Pnnt and D t„ t are measured at fixed bias and therefore represent 
the power output available during the reproduction of speech and 
music. When a sustained sine wave is applied to the control grid the 
bias across the cathode resistor will readjust itself as a result of the 
increased anode and screen-grid currents. This will result in 
approximately 10% reduction in power output. 
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UL84 OUTPUT PENTODE 

OPERATING CONDITIONS FOR TWO VALVES IN PUSH-PULL 

Pentode connection 

V„ 100 170 200 V 

Vgz 100 170 200 V 
Rk (per valve) 270 240 300 f2 

Ra_a 3.5 3.5 3.5 kS2 

laioi 2 X 29 2 X 56.5 2 X 55 mA 
Igz~a, 2 x 1.6 2 x 3.0 2 x 2.8 mA 

Vin~gi_gl ~r.m.s. 14 26 29 V 
Po„ t 3.6 13 15 W 
D oi 3.0 4.5 3.5 

la~max. sig. i 2 x 31 2 x 57.5 2 x 60 mA 
Ig2~max. sig.7 2 x 7.0 2 X 20.5 2 X 15 mA 

Distributed load conditions with screen-grid tapping at 20% of 
primary turns 

Va + VRk 200 V 

Vgz 'i- VRk 200 V 
Rk (per valve) 300 f2 
Ra_a 3.5 kS2 

Ixro~ 2 x 56.5 mA 
Vin~g1_g17r.m.s, 23 V 
Pout 10 W 

tot 0.8 
Ik(max. sig.~ 2 X 65 mA 

LIMITING VALUES 

Varb, max. 550 V 
V, max. 250 V 
p, max. 12 W 
Vgz~b, max. 550 V 
Vgz max. 200 V 
pgz max. 1.75 W 
Ik max. 100 mA 
Rgl_k max. 300 kS2 
Vh_k max. 200 V 
Rh _k max. 20 kS2 
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OUTPUT PENTODE UL84 
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OUl"PUT PENTODE 
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OUTPUT PENTODE UL84 
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u~sa OUTPUT PENTODE 
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OUTPUT PENTODE u~sa 
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UL84 OUTPUT PENTODE 
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OI.ITPUT PENTODE UL84 
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UL84 OUTPUT PENTODE 
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OUTPUT PENTODE 
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OUTPUT PENTODE UL84 
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HALF-WAVE RECTIFIER 

Indirectly heated half-wave rectifier with 100mA 
heater for use in equipment with series connected 
heaters. 

UY85 

HEATER 

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

I i, 

Vh 

100 

38 

mA 

V 

LIMITING VALUES 

P.I.V. max. 700 V 

Va(r. m.s.) max. 250 V 

I~,,,~ max. 110 mA 

i,~i „~q max. 660 mA 

vi,—i;~;,i;~ max. (cathode positive) 550 V 

OPERATING CONDITIONS 

Vi;t(r.m.s.) 110 220 250 V 

Vout 112 215 245 V 

R~,m min. 0 90 100 S2 

lout 110 110 110 mA 

C 100 100 100 µF 
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UY85 HALF-WAVE RECTIFIER 
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HALF-WAVE RECTIFIER UY85 
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(mA) 
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UY85 HALF-WAVE RECTIFIER 
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V.H.F. POWER PENTODE YLI000 
Directly heated v.h.f. power pentode for use as a power amplifier or frequency 
multiplier in portable and mobile equipment. 

FILAMENT (parallel operation only) 
Vr 1.1 (±15% V 
Ir mA 
t~, max. (Pont = 70% of final value) 0.5 s 

CAPACITANCES (unshielded) 

~s—il 
din 
bout 
cei-r 

CHARACTERISTICS 
V. 
Ves 
Vsi 
i, 
lis 
Sm 
f+si-ss 

< 150 mpF 
6.0 pF F-
3.5 pF E--
1.5 pF 

170 V 
120 V 
-6.5 V 
30 mA 

2.3 mA 
4.3 mA~V 
7.0 

RATINGS (DESIGN CENTRE SYSTEM) 
V~bl max. 500 V 
Va max. . 300 V 
pa max. 5.0 W 
Vsa(~) rnax. 500 V 
Vaz max. 300 V 
psz max. 1.0 W 
Vgl Amax. -100 V 

+veunk) max. 25 V 
Ik max. 50 mA 
Rgl_r max. 2.0 Mt2 
Tnmo max. 200 °C 
Vr max. (absolute) 1.27 Y 
Vr min. (absolute) 0.93 V 

CLASS 'C' OPERA710N F.M. TELEPHONY 

Maximum recommended operating conditions 

These conditions are based on reaching either the maximum electrode 
ratings or the point where load efficiency (,~,oaa) begins to fall rapidly. 
The conditions for 175Mc/s were measured in a circuit with a parallel 
tuned output circuit. If a series tuned output circuit is used at this frequency 
with the same operating conditions, approx. 10% higher Pi°aa figures are 
obtained. 
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GLASS 'C' OPERATION F.M. TELEPHONY AT f = 50Mc/s 
Power amplifier V, 

(V) 
Vg2
(V) 

Vgl
(V) 

I. max. 
(mA) 

300 150 —35 40 
250 150 —35 ~10 
200 150 —35 ~0 
150 150 —35 32 
100 100 —23 22 

Frequency doubler Va
(V) 

Vg2 
(V) 

Vgl
(V) 

I, max. 
(mA) 

300 150 —90 40 
250 150 —90 40 
200 150 —90 38 
150 150 —90 32 
100 100 ~i0 20 

Frequency trebler V, 
(V) 

Vg2
(V) 

Vgl
(V) 

I, max. 
(mA) 

300 150 —100 29 
250 150 —100 35 
200 150 —100 32 
150 150 —100 28 
100 100 —100 20 

CLASS 'C' OPERATION F.M. TELEPHONY AT f = 175Mc/s 
Power amplifier Vs

(V) 
Vg2
(V) 

Vgl
(V) 

Ia max 
(m A) 

300 150 —35 30 
250 150 —35 37 
200 150 —35 40 
150 150 —35 40 
100 100 —23 28 

Frequency doubler Vs 
(V) 

Vg2 
(V) 

Vgl 
(V) 

Ia maX. 
(m A) 

300 150 —90 26 
250 150 —90 32 
200 150 —90 38 
150 150 —90 32 
100 100 —90 20 

Frequency trebler V. 
(V) 

Vg2 
(V) 

Vgl
(V) 

I, max. 
(mA) 

250 150 —100 27 
200 150 —100 32 
150 150 —100 28 
100 100 —100 20 
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V.H.F. POWER PENTODE YLI000 

TYPICAL OPERATION CLASS 'C' OPERATION F.M. TELEPHONY 

Amplifier at f = 50Mc/s 
V, 
(V) 

Vg$
(V) 

Vg1
(V) 

I, 
(mA) 

Ig$
(mA) 

Igi 
(mA) 

300 150 -35 10 1.45 0.006 
20 2.6 0.045 
30 3.0 0.45 
40 3.5 0.85 

250 150 -35 10 1.62 0.008 
20 3.1 0.08 
30 4.0 0.55 
40 5.0 0.95 

200 150 -35 10 1.95 0.025 
20 3.8 0.20 
30 5.0 0.75 
40 6.0 1.05 

150 150 -35 10 2.6 0.038 
20 4.3 0.24 
30 6.0 0.85 

100 100 -23 10 2.1 0.09 
20 3.4 0.7 
25 4.5 1.2 

Frequency doubler at f°„t = 50Mc/s 

+ Vt11DkI P1oaa ~1oad 
(V) (V~ (%) 
-4.5 1.68 56 
2.5 3.8 63.3 
9.0 6.1 67.8 

14.5 8.0 66.6 

-2.0 1.5 60 
3.5 3.3 65 

10 5.1 68 
17 6.7 67 

-1.5 1.3 65 
5.5 2.75 69 

12 4.1 68 
18 5.2 65 

-1.0 1.0 67 
6.0 2.05 68 

13.5 2.95 65.5 

1.5 0.6 60 
9.0 1.22 61 

13 1.45 57.6 

V. Vsa Vgi ~a lea psi +vg11Pk> P1oad ~1oad 
(YJ (V) (V) (mA) (mA) (mA) (V) (V1/) (%) 
300 150 -90 10 1.38 0.015 0.5 1.58 52.7 

20 2.15 0.28 8.5 3.42 57 
30 2.6 0.73 15 5.15 57.2 
40 3.4 0.95 21 6.62 55.1 

250 150 -90 10 1.6 0.024 1.2 1.36 54.4 
20 2.4 0.38 9.5 3.0 60 
30 3.2 0.80 15.5 4.45 59.3 
40 4.2 1.02 22 5.6 56 

200 150 -90 10 2.05 0.04 2.0 1.16 58 
20 2.9 0.45 10 2.5 62.5 
30 3.6 0.85 16.5 3.5 58.3 

150 150 -90 10 2.4 0.05 2.5 0.86 57.3 
20 3.8 0.56 11 1.8 60 
30 4.5 0.95 18 2.48 55.2 

100 100 -60 10 1.95 0.26 6.0 0.53 53 
20 3.1 0.92 13 0.94 47 
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Frequency trebler at f°„~ = 50McJs 

Va Vg2 Vgl Ia Ig2 
(V) (V) (V) (mA) (mA) 

Igl 
(mA) 

+Vgl(pk) 
(V) 

Pload 
(W) 

Toad 
(%) 

300 150 -100 10 1.0 0.01 0.8 1.2 40 
20 1.75 0.26 9.5 2.6 43.3 

250 150 -100 10 1.16 0.012 1.0 1.05 42 
20 1.9 0.3 10 2.24 44.8 
30 2.3 0.7 17 3.2 42.7 

200 150 -100 10 1.4 0.015 1.3 0.9 45 
20 2.05 0.35 10.5 1.88 47 
30 2.45 0.72 17.5 2.7 45 

150 150 -100 10 1.7 0.027 1.9 0.67 44.7 
20 2.35 0.39 11 1.44 48 

100 100 -100 10 1.1 O.Z9 7.5 0.47 47 
20 2.2 1.02 17 0.8 40 

Amplifier at f = 175Mc/s 

Va Vga Vgl la Igz Igl Ploaa '~loaa 
(V) (V) (V) (mA) (mA) (mA) (W) (%) 
300 150 -35 15 0.9 0 0.98 21.7 

20 1.34 0 1.66 27.7 
25 1.56 0.01 2.48 33.1 
30 2.08 0.07 3.3 36.7 

250 150 -35 15 1.0 0 0.91 24.3 
20 1.42 0 1.48 29.4 
25 1.96 0.01 2.17 34.7 
30 2.25 0.1 2.88 38.5 
35 2.42 0.2 3.6 41.1 

200 150 -35 15 1.3 0 0.81 27 
20 1.96 0 1.37 32.5 
25 2.12 0.02 1.9 38 
30 2.4 0.11 2.5 41.7 
35 2.64 0.28 3.08 44 
40 3.0 0.5 3.69 46.1 

150 150 -35 15 1.74 0 0.7 31.1 
20 2.14 0.01 1.14 38 
25 2.5 0.03 1.56 41.7 
30 2.9 0.12 2.0 44.5 
35 3.2 0.3 2.42 46.1 
40 3.5 0.55 2.82 47 

100 100 -23 15 1.28 0.04 0.56 37.3 
20 1.5 0.22 0.89 44.5 
25 1.82 0.54 1.18 47.2 
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V.H.F. POWER PENTODE 

Frequenry doubler at f°„ t = 175Mc~s 

Va
(V) 

Vsz 
(V) 

Vsi 
(V) 

1, 
(mA) 

lez 
(mA) 

300 150 -90 15 0.84 
20 1.1 
25 1.22 

250 150 -90 15 0.98 
20 1.26 
25 1.4 
30 1.62 

200 9 50 -90 15 1.2 
20 1.4 
25 1.6 
30 1.85 

/~ 35 2.0 

150 150 -90 15 1.58 
20 1.76 
25 2.07 
30 2.25 
35 2.36 

100 100 ~0 15 1.0 
20 1.36 

YLI000 

lai Plosa ~ioaa 
(mA) (V1~ (%) 
0 0.82 18.2 
0.12 1.46 24.3 
0.34 2.1 28 

0.02 0.8 21.3 
0.15 1.35 27 
0.4 1.88 30 
0.6 2.4 32 

0.04 0.73 24.3 
0.22 1.2 30 
0.42 1.7 34 
0.66 2.15 35.9 
0.8 2.55 36.5 

0.06 0.66 29.4 
0.26 1.04 34.7 
0.46 1.42 37.9 
0.72 1.78 39.5 
0.88 2.1 40 

0.38 0.54 36 
0.7 0.74 37 

Frequency trebler t°„ t = 175Mc~s 
V, Vsz Vei la
(V) (V) (V) (mA) 

Isz 
(mA) 

lei 
(mA) 

Plosa 
(V1~ 

~losa 
(%) 

250 150 -100 15 0.88 0.04 0.6 16 
20 1.12 0.18 0.95 19 
25 1.26 0.4 1.29 20.7 

,^ 
200 150 -100 15 1.02 0.05 0.55 18.3 

20 1.24 0.22 0.86 21.5 
25 1.42 0.42 1.15 23 
30 1.66 0.6 1.42 23.7 

150 150 -100 15 1.26 0.07 0.49 21.8 
20 1.42 0.30 0.76 25.3 
25 1.64 0.44 0.99 26.4 

100 100 -100 15 0.94 0.52• 0.4 26.7 
20 1.5 0.84 0.5 25 

.~, 
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CLASS 'C' A.M. TELEP6-TONY 

Maximum carrier conditions for 100% modulation 
Output tuned circuit 

Single valve operation 
Parallel Parallel Series 

Push-pull operation 

f 50 175 175 50 175 Mcjs 
Va 250 200 200 250 200 Y 
Vsz 150 150 150 150 150 V 
Vgi -35 -35 -35 -35 -35 V 
Ia 32 31 32 2 x 32 2 x 32 mA 
IFZ 4.2 2.45 2.5 2 x 4.2 2 x 2.5 mA 
Ict 0.62 0.14 0.18 2 x 0.62 2 x 0.18 mA 
P~°,° 5.4 2.65 3.05 12 6.2 W 
ri 67.5 42 47 75 48.5 

For 100% modulation 
Pmoe 4.2 3.2 3.3 8.4 6.4 W 
vg2(pk) 135 120 120 135 120 V 

Maximum carrier conditions for anode and screen-grid modulation 
for various modulation depths. f = 175Mc/s 

m 
( ~o) 

Va
(V) 

l a
(mA) 

pa (max.) 
(W) 

pg2 (max.) 
(W) 

Ploaa*
(W) 

Output 
tuned circuit 

100 200 31 3.3 0.67 2.65 Parallel 
200 32 3.3 0.67 3.05 Series 
200 64 2 x 3.3 2 x 0.67 6.2 Push-Pull 

75 220 34 3.9 0.78 3.2 Parallel 
220 35 3.9 0.78 3.65 Series 
220 70 2 x 3.9 2 x 0.76 7.4 Push-Pull 

SO 235 35 4.45 0.89 3.47 Parallel 
235 36 4.45 0.89 3.96 Series 
235 72 2 x 4.45 2 x 0.89 8.0 Push-Pull 

25 245 37 4.85 0.97 3.82 Parallel 
245 38 4.85 0.97 4.37 Series 
245 76 2 x 4.85 0.97 8.8 Push-Pull 

0 250 38 5.0 1.0 4.02 Parallel 
250 39 5.0 1.0 4.55 Series 
250 80 2 x 5.0 2 x 1.0 9.6 Push-Pull 

•Estimated value 

These conditions may be varied for operation at Power frequencies. 
Operation at 100°, modulation with V, > 250V, Ia > 32mA is not 
permitted and the p, max. and pgz max. limits shown above must never 
be exceeded. 
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V.H.F. POWER PENTODE 
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V.H.F. POWER PENTODE YL1000 
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V.H.P. POWER PENTODE YLI000 
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V.H.F. POWER PENTODE YLI000 
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DOUBLE DIODE 

Double diode with separate cathodes and 
internal screening between sections. 

HEATER 

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

Vh

I h

MOUNTING POSITION 

CAPACITANCES 

6AL5 

6.3 V 

300 mA 

Any 

Shielded Unshielded 

~~ Cy'_g'.~h+s 3.1 2.5 

to ~_k"+his 3.1 2.5 

Cg'_a'+h+s 3.9 3.4 

fix'—a +h.,s 3.9 3.4 
Ca'_a" <; 0.026 <~ 0.068 

~~ 

~~ 

pF 
pF 
pF 
pF 
p F 

LIMITING VALUES (each section) 

P.I.V. max. 330 V 

la max. 9.0 mA 

iarrx~ max. 54 mA 

V3 max. (I;, ~ 0.3~~A) —1.3 V 

330 V 

3577

Vh—k~pk~ maX. 

s a~ 

a~ 

ISSUE 1 

h 

B7G Bas¢ 

s 

_ J  19 mm 
max ~—

3
8

m
m
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6AL5 DOUBLE DIODE 

Double diode with separate cathodes and 
internal screening between sections. 

BO 

60 

40 

20 

12 Va (V) 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 

ISSUE 1 
blullard 
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DOUBLE DIODE 
Double diode with separate cathodes and 
internal screening between sections. 

6AL5 

3292 6AL5 
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PENTODE 

Dual control pentode for switching or gating 
control or for use as a frequency changer. 

6AS6 

HEATER 
Vh
I~ 

MOUNTING POSITION 

CAPACITANCES 

cB-gt 
Ca —g2 
Cln 

Cg3—ell 

Cons 

Cg7 _g2 

CHARACTERISTICS 
Ve
Vg2 
Vq3

6.3 V 
175 mA 

Any 

Shielded Unshielded 
mpF 
m p F 

pF 
pF 
pF 

mpF 

V 
V 
V 

mA 
mA 

V 
mA/V 

gm~g2-a~ 660 450 µA/V 
re — 150 kSZ 
Vgl(Ia = 100µA) — <-7.5 V 
Vg3(Ia = 20µA) -10 <-15 V 

<20 
700 

4.0 
3.4 
3.0 

<25 
700 

3.9 
3.3 
2.2 

<150 6150 

120 120 
120 120 
-3.0 0 
3.5 5.1 
4.8 3.5 

-2.0 -2.0 
2.0 3.2 

OPERATING CONDITIONS 
Frequency changer with oscillator voltage on g3

Va 120 V 
Vg2 120 V 
Vgl -2.0 V 
Ia 2.1 mA 
Ig2 5.8 mA 
Voec~r.m.e.~ 6.0 V 
Ig2 70 µA 
Rg3 100 kS2 
g~ 1.0 mA/V 
ra 130, kit 
Req 12 kit 

DESIGN CENTRE RATINGS 

Va~bi max. 
Va max. 
pa max. 
Vg2 ~b ~ max. 
Vg2 max. 
pg2 max. 
Vga max. 
Rgl_x max. 

300 V 
180 V 

1.7 W 
300 V 
140 V 
750 mW 
27 V 

4.0 Mf2F 
I k max. 18 mA 
Vb:k max. 90 V 
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4491 

e 

93 

91 
92 

JANUARY 19631 

h 

87G Base 

Mullard , 
Paye D2 



PENTODE bash 

z 
~mA~ 

12 s 

10 

7 s 

so 

2 5 

v91(v) 

ANODE AND SCREEN-GRID CURRENTS PLOTTED AGAINST CONTROL-
GRID VOLTAGE WITH ANODE AND SCREEN-GRID VOLTAGES AS 

PARAMETERS 

AUGUST 1959 (1) 
M`a`lla/Jrd

V 
Page Ct 



6AS6 PENT®DE 

6'<57 6AS6 

I I
Va= V9p=I20V 
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PENTODE 6A56 
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PENTODE 6AS6 

6AS6 4184 

V93 = O V 
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6AS6 PENTODE 
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SPECIAL QUALITY VALVES GENERAL NOTES 

These general notes include definitions and general test 
procedures. They should be read in conjunction with the 
data sheets for Special Quality Valves. Where reference 
should be made to a speci fic note, this is indicated on the 
data sheet by an index number, e.g. Group Quality Level.70

1. Heater voltage. Life and reliability of performance are a function 
of the value and degree of regulation of the heater voltage. 
In order to achieve the maximum useful life the. heater should 
be maintained as close as possible to its rated value, and unless 
specific recommendations are made on individual data sheets, 
designers should aim to maintain the voltage at the valve pins 
within ~5 % of the published nominal value. The tolerance 
quoted includes variations in the supply voltage. 

2. Capacitances. Unless otherwise stated the capacitances quoted 
are measured with the valve cold in a fully screened socket. 
The measurements are made with or without an external 
shield, as stated on the individual data sheets. 

3. Electrode voltages. The reference point for electrode voltages 
is normally the cathode, and the symbols Va, V~2 etc., are used 
to indicate the anode and screen-grid voltages with respect to 
the cathode. 

In some cases however, a cathode resistor is used when 
measuring characteristics, and in such cases the symbols 
Va_~, Vg2_k are used when voltages are measured with respect 
to the cathode and V~_~, Vgz_ e, when the voltages are 
measured with respect to the negative end of the cathode 
resistor. 

4. Limiting values. Unless otherwise stated the Limiting Values of 
Special Quality Valves are Absolute Ratings. , 

Absolute maximum ratings are limiting values of operating 
and environmental 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. 

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

Mullard 
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GENERAL NOTES SPECIAL QUALITY VALVES 

The equipment manufacturer should design so that initially 
and throughout life no absolute maximum value forthe 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, environmental conditions, 
and variations in characteristics of the valve under considera-
tion and of all other devices in the equipment. 

The life expectancy may be reduced if conditions other than 
those specified for life test are imposed on the valve and will 
be reduced appreciably if absolute maximum ratings are 
exceeded. 

Heater to cathode voltage. In the interests of reliability the 
heater to cathode voltage should always be kept as low as 
possible, and it is preferable to have the cathode positive 
with respect to the heater. 

Bulb temperature. In the interests of reliability the bulb 
temperature should ~Iways be kept as low as possible. 

5. The A.Q.L. (Acceptable quality level) is the limit below which 
the average percentage of defectives is controlled. 

6. Maximum and minimum values for the individuals are the limits 
to which valves are tested. 

7. Maximum and minimum for lot average are the limits between 
which the average value of the characteristic of a lot or batch 
is controlled. 

8. Lot standard deviation is the standard deviation of a single lot or 
batch. 

9. Bogey value is the target value. 

10. Group quality level. This is the A.Q.L. (Acceptable quality 
level) over a whole group of tests. 

Sub-group quality level. The A.Q.L. over a number of tests, 
which do not constitute a complete group. 
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SPECIAL QUALITY VALVES GENERAL NOTES 

11. Glass envelope strain test. 
(A) This test is carried out on a sampl ing basis and consists 

of completely subrrierging the valves in boiling water at 
a temperature between 97 and 100°C for 15 seconds and 
then immediately plunging them in ice cold water for 
5 seconds. The valves are then examined for glass cracks. 

(B) This test is carried out on a sampling basis and consists 
of completely submerging the valves in boi ling water not 
less than 85°C for 15 seconds and then immediately 
plunging them in ice cold water not more than 5°C for 
5 seconds. The valves are then examined for glass cracks. 

12. Base strain test. This test is carried out on a sampling basis and 
consists of forcing the pins of the valves over specified cones 
and then completely submerging the valves and cones in 
boiling water at a temperature between 97 and 100°C for 10 
seconds. The valves and cones are al lowed to cool to room 
temperature before examining for glass cracks. 

13. Lead fragility test. 
(A) This test is carried out on a sampling basis and consists 

of holding the valves vertically and having a 1-Ib weight 
freely suspended from the lead under test. The valves 
are incl ined slowly so as to bend the weighted lead through 
45°, brought to 45° in the other direction, back again to 
45° in the first direction and finally returned to the 
vertical, the entire action taking place in one vertical 
plane. The valves are examined for cracks and broken leads. 

(B) This test is carried out on a sampling basis and consists 
of holding the valves vertically and having a 1-Ib weight 
freely suspended from the lead under test. The valves are 
incl ined slowly so as to bend the weighted lead through 
90° and then returned to the vertical, the entire action 
ta!<ing place in one: vertical plane. This cycle is repeated 
for the number of times shown on the data sheet. The 
valves are examined for broken leads. 

14. This test is carried out on a sampling basis under the conditions 
detailed in the data. 

15. Shock test. This test is carried out on a sampling basis and 
subjects the valves to 5 blows of the specified acceleration in 
each of 4 directions. 

16. lnoperatives. An inoperative is defined as a valve having an 
open or short circuited electrode, an air leak or a broken pin. 
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SPECIAL 61UALITY WIDEBAND 
OUTPUT PENTODE ESSL 
Special quality high slope output pentode intended for general 
industrial applications where stahility of characteristics and long life are required. 

This data should be read in conjunction with GENERAL NOTES—
SPECIAL QUALITY VALVES which precede this section of the handbook, 
and the index numbers are used to indicate where reference should be 
made to a specific note. 

HEATER 
Vhi 6.3 V 

Ih 600 mA 

CAPACITANCESz 

Pentode connected 

Shielded 
Minimum 

cn_sl — 

cin 15 

cin (w) (Ik = 55.5mA) — 

tout 5.8 

Unshielded 

cn_gl — 

cin 15 
cin (w) (Ik = 55.5mA) — 

cunt 3.6 

Triode connected 
Shielded 

c8_g 5.5 

ctn 10 

comet 9.4 

Unshielded 
ce_g 5.6 

cin 10 
coot 7.0 

cn-x — 

APRIL 1965 

Average Maximum 
80 120 mpF 
18 21 pF 
28 — pF 

6.5 7.2 pF 

110 150 mpF 

18 20 pF 
28 — pF 
4.0 4.4 pF 

6.2 6.9 pF 

11.8 13.6 pF 
10.5 11.6 pF 

6.3 7.0 pF 

11.8 13.6 pF 
7.8 8.6 pF 

6.0 — pF 
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E55L SPECIAL 6ZUALITY WIDEBAND 
OUTPUT PENTODE 

CHARACTERISTICSa 
Pentode connected 

Va 125 V 
Vgz 125 V 
Vga 0 V 
Vgl -3.0 V 
Rk 0 i2 
la 50 mA 
Igz 5.5 mA 
gm 45 mA/V 
ra 20 kf2 
µe1-ez 30 
rgl (f = 50Mc/s) 1.0 kS2 

Triode connected 
Va 125 V 
la 55.5 mA 
Vg -3.0 V 
ga, 50 mA/V 
µ 30 
ra 600 S2 

OPERATING CONDITIONS 
Va-e 
Vg2-e 
Vga-k 
Vet-e 
Rk
la 
Ie2 
$m 

140 V 
140 V 
0 V 

+12 V 
270 S2 
50 mA 

5.5 mA 
45 mA/V 

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN ~ 

Anode Current 
at Va _e = 140V, VRz _ e = 140V 

V~,i-e = +12V,~ Rk = 27052 
Grid-cathode voltage 

at Va _ e = 140V, V„z_e = 140V 
V,, ,. _ + 12V, ~ Rk = 27052 

Screen-grid current 
at Va _p = 140V, Vsz _e = 140V 

Vgi e = +12V, Rk = 27052 
Mutual conductance 

at Va _ e = 140V, V~~_ e = 140V 
Vg i-e = +12V,~ Rk = 27052 

V 

Average 
Initial End of 
range life* \1 

50 48 to 52 — mA~= 

-3.0 -2.3 to -3.7 -1.8 VF--

5.5 4.5 to 6.5 — mAF-

4g,,, max. 
45 38 to 52 = 25% mA/V~ 

Negative control-grid current (max.) 
at Va _e = 140V, V~Z _ e = 140V 

Vgi _ e =_ +12V,~ R,; = 27012 — — — 2.0 ;CAF 
~To allow for valve deterioration during life, circuits should be designed to 
function with a valve in which one or more of the characteristics have 
changed to the values stated. 

APRIL 1965 Pa`e D2 
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SPECIAL 6ZUALITY WIDE:BAND 
OUTPUT PENTODE ESSL 

ABSOLUTE MAXIMUM RATINGS4

Vale) max. 40P V 
Va max. 200 V 
pa max. 10 W 
Vgzlvl max. 350 V 

Vgz max. 175 V 
p~z max. 1.5 W 

—V~1 max. 55 V 
+Vgl max. 0 V 

*I k max. 75 mA 
Rg1_k max. 125 kS2 

Vh-k max. 200 V 
*Tvuiv max. 180 °C 

93 
91 

*In applications where a long lire is not required, Ik max. can be increased to 
100mA and Tvuib max. to 220°C. 

-- 92 

h 

BAD Base 

Al l dimensions in mm 
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[  Mullard 

302max —► 

x 
0 
E 
N 

r` 

Page D3 





SPECIAL 6ZUALITY WIDEBAND 
OUTPUT PENTODE 
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ESSL SPECIAL 61UALITY WIDEBAND 
OUTPUT PENTODE 
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SPECIAL 61UALITY WIDEBAND 
OUTPUT PENTODE ESSL 
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E55L SPECIAL AUALITY WIDEBAND 
OUTPUT PENTODE 
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SPECIAL 6ZUALITY WID~EBAND 
OUTPUT PENTODE ESSL 
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ESSL SPECIAL QUALITY WIDEBAND 
OUTPUT PENTODE 
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SPECIAL 61UAL1'TY WIDEBAND 
OUTPUT PEhlTODE 
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ESSL SPECIAL 6ZUALITY WIDEBAND 
OUTPUT PENTODE 
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SPECIAL 61UALITY WIDEBAND 
OUTPUT PENTODE ESSL 
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E55L SPECIAL 61UALITY WIDEBAND 

OUTPUT PENTODE 
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The maximum variation of heater current at 6.3V is 

CAPACITANCES= (measured without an external shield) 

~"~. Minimum Average 

can—at — — 
cap-gt 
cgl—at — 

Pentode section 

+16.5 

Maximum 
70 
20 

160 

ca_Bl — — 25 
q„ 5.2 5.6 6.0 
co„ t 3.0 3.4 3.8 
cgl- h — — 160 

Triode section 

~a—k+h 1.2 1.5 1.8 

cg-x+h 2.2 2.5 2.8 
ca_a 1.2 1.5 1.8 

cg_h — — 220 

CH ARACTERISTIC53

Pentode section 

Va-e 170 
Vg2 .. e 170 
Rk 155 
la 10 

f1 

SPECIAL 61UALITY TRIODE PENTODE 
~~0~~ Special quality triode pentode with separate cathodes for use 

in general industrial applications, where stability of character-
istics and long life are required. This valve will maintain its emission capabilities 
after long periods of operation under cut-off conditions. 

This data should be read in conjunction with GENERAL NOTES—
SPECIALQUALITY VALVES which precede this section of the handbook, 
and the index numbers are used to indicate where reference should be 

made to a specific note. 

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

Vhl 6.3 V 
h, 330 mA 

mAF-

E-

mpF 
mpF 
mpF 

mpF 
pF 
pF 

mpF 

pF 
pF 
pF 

mpF 

V 
V 
S? 

mA 
1;;2 2.8 mA 
gm 6.2 mA/V 
r a 400 kit 

lte~-~s 40 

Triode section 
Va- e 100 V 
Rk 120 S2 
la 14 mA 
gm 5.0 mAlV 
ra 3.6 kit 

it 18 
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EV®~~ SPECIAL 61UALITY TRIODE PENTODE 

CHARACTERISTIC RANGE VALUES FOR E@UIPMENT DESIGNf—

Pentode section 
Anode current at Average Initial Range End of Life" 

V3_e = V~s_e = 170V, 
Rk = 1555? 10 7.5 to 12.5 6.0 mA 

Screen-grid current at 
Va- e = V~_ e = 170V, 
Rk = 15552 2.8 1.55 to 4.05 — mA 

Mutual conductance at 
Va-e = Vg2_e = 170V, 
Rk = 1555? 6.2 5.2 to 7.2 4.3 mA/V 

Control-grid current at 
Va—e = Vga e = 170V, 
Rk = 15552 < 0.5 < 1.0 µA 

Triode Section 
Anode current at 

Va_e = 100V, Rk = 12052 14 10 to 18 8.4 mA 
Mutual conductance at 

Va _ e = 100V, Rk = 12052 5.0 4.0 to 6.0 3.5 mA/V 
Control-grid current at 

Va- e = 100V, Rk = 12052 < 0.3 < 1.0 N.A 

*To allow for valve deterioration during life, circuits should be designed 
to function with a valve in which one or more of the characteristics have 
changed to the values stated. 

OPERATING CONDITIONS 

Pentode section as r.f. amplifier 
Va_o 170 V ^~ 
VgZ_e 170 V 
Rk 155 52 `€ 
l a 10 mA 
I g2 2.8 mA 
gm 6.2 mA/V 
µii-ga 40 
ra 400 k52 
r;,, (f = SOMc/s) 10 kS2 
Re,~ 1.5 kS2 

Pentode section as frequency changer 
Va-e 170 V 
V~2_e 170 V 
Rk 330 S2 
Rai 100 k52 
la 8.0 mA 
IgZ 2.5 mA 
I~t 12 µA 
Vose ~r.m,c,~ 3.5 V 
ge 2.4 mA/V ~! 
r a 500 k52 
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SPECIAL 6ZUALITY TRIODE PENTODE E8OCF 

LIMITING VALUES' (absolute ratings) 

Pentode section 

Vale) max. 550 V 
Va max. 275 V 
pa max. 2.15 W 

Vea~b) max. 550 V 
V~2 max. (Ik > 10mA) 200 V 
Viz max. (I k < 10mA) 225 V 

p~z max. (p, > 1.2W) 700 mW 
ps2 max. (pa < 1.2W) 800 mW 

—V~1 max. 100 V 
pal max. 100 mW 
Ik max. 18 mA 
R~1_k max. 500 kS? 
V ),_ k max. 100 V 

Ti,,,)v max. 170 °C 

Note—If the triode is used as a v.h.f. oscillator then it is recommended 
that a Colpitt's circuit should be used. 

Triode section 

Vain) max. 550 V 

Va max. 275 V 
pa max. 1.75 W 

—V~ max. 100 V 

$vg~~k) max. 30 V 

p~ max. 100 mW 
Ik max. 18 mA 

$Ik(pk) max. 100 mA 

R~-k max. 500 kS2 
Vt,_k max. 100 V 

TbulU max. 170 °C 

$Maximum pulse duration = 4"~ of one cycle with maximum of 800µs 

SHOCK AND VIBRATION 

The E80CF can withstand vibrations of 2.Sg and 50c~s for 96 hours and is 
proof against impact accelerations of approximately 5008. 
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E80CF SPECIAL 6ZUALITY TRIODE PENTODE 
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SPECIAL 6ZUALITY TRIODE PENTODE E8OCF 
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E80CF SPECIAL 61UALITY TRICsDE P~tf~€TC•DE 
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SPECIAL 6ZUALITY TRIODE PENTODE ESOCF 

1 ` 

 "'S~

 ~~n 

W 

T
ri
o
d
¢
 
s
e

c
ti
o

n
 

~~ 

 ~" 
 r 

u 
0 
n 

i  

\ \ ~ 

i  

O 
H Q M 

E 

., 
~, 

O 
N 

r 

~. 

O 

~,

a 

O O 

>° 

0 

O 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE FOR TRIODE 
SECTION WITH GRID VOLTAGE AS PARAMETER 

OCTOBER 1961 
14tuliard 

Page C3 



EV®~~ SPECIAL HUALITY TRIODE PENTODE 
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SPECIAL HUALITY TRIGDE PENTODE E80CF 
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E80CF SPECIAL 6ZUALITY TRIODE PENTODE 
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SPECIAL AUALITY TRIODE 

Speciol quolity U.H.F. triode for use as a grounded grid 
r.f. amplifier or mixer at frequencies up to 1000Mc/s where 
stability of characteristics and long life are required. 

E88C 

This data should be read in conjunction with GENERAL NOTES—SPECIAL 
QUALITY VALVES which precede this section of the handbook, and the 
index numbers are used to indicate where reference should be made to a 
specific note. 

HEATER 

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

Vh' 6.3 V 
I h 155 mA 

CAPACITANCESz F—

Unshielded 
ca-g 

Shielded (shield connected to grid) 
~a-g+s 

~k+h-g+s 

~a-k+h 

Min. Av. Max. 

0.9 1.1 1.3 pF 

1.4 1.7 2.0 pF 
3.2 3.8 4.4 pF 

35 50 65 mpF 

CHARACTERISTICS3
Va 160 V 
la 12.5 mA 
Vg —1.25 V 
$m 13.5 mA/V 
µ 70 
ra 5.2 kS2 

—Vg max. (Ig = +0.3µA) 1.3 V 

OPERATING CONDITIONS 
Grounded-grid r.f. amplifier 

Va_~, 160 170 V 
Vg_~ 0 +9.0 V 
Rk 100 820 S2 
la 12.5 12.5 mA 
gm 13.5 13.5 mA/V 
ReQ (r.f.) 240 — S2 
N.F. (f = 850Mc/s) 10 — d6 
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E88C SPECIAL 6ZUALITY TRIODE 

CHARACTERISTIC RANGE VALUES FOR E@UIPMENT DESIGN 

Min. Av. Max. 
Anode current 

Va_e = 170V, Vg_ e = 9V, Rk = 82052 — 12.5 — 
Va _ e = 160V, Vg_e = OV, Rk = 10052 

Mutual conductance 
9.5 12.5 16.1 

Va_e = 170V, Vg_e = 9V, Rk = 82052 10.5 13.5 16.5 
Va_e = 160V, Vg_e = OV, Rx = 10052 

Negative grid current 
Va_e = 160V, Vg_ e = OV, Rk = 10052 

Heater-cathode insulation 
Vh_k = 125V 

Heater current 
Vh = 6.3V 

SHOCK AND VIBRATION 

— 

— 

147 

13.5 

— 

155 

— 

0.1 

15 

163 

mA 
mA 

mA/V 
mA/V 

~A 

µA 

mA 

The E88C can withstand vibrations of 2.5g and 50c/s for 96 hours and is 
proof against impact accelerations of approximately 500g. 

ABSOLUTE MAXIMUM RATINGS' 

Va(n) max. 
Va max. 

400 
200 

pa max. 2.6 
=Vg1 max. 50 

I k max. 16.5 
Rg-u max. 0.5 
Vh_k max. (k positive) 125 
Vh_k max. (k negative) 60 
Tnuiv max. 170 
Vh max. 6.6 
Vh min. 6.0 

essi 

kh h 

n 

B9A Base 

All dimensions in mm 

JULY 1964 
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SPECIAL 61UALITY TRIODE E88C 

0 

N 

1 

m 

0 
~ 
II 

O O 

e ~ M N 

~" 

O O 
U ~ 

~ 
W 

~ ~~ 

~N

~s/~ 

\ ~ ` 

~.\\ 
`~ 

\~ 

Aso ~_~~~~ ` \ ,~ 

O ~~~ ~~ 
S~~_ ~ 

0 

■■ ~ 2.6`N 

O~■■■ ~ ~~ 

-~ 
~~ 

oa .. ~ 
 o 0 0 0 

ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE AT Va = 160V. 
ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH GRID 

VOLTAGE AS PARAMETER 

NOVEMBER 1964 Page C1 





SPECIAL 61UALITY TRIODE E88C 
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SPECIAL QUALITY 
DOUBLE TRIODE 
Special quality double triode, having separate 
cathodes, for use in cascode circuits and in 
computers, where stability of characteristics and 
long life are required. 

E88CC 

This data should be read in conjunction with GENERAL NOTES-
SPECIAL QUALITY VALVES which precede this section of the 
handbook, and the index numbers are used to indicate where 

reference should be made to a specific note. 

HEATER 

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

V„1 6.3 V 
I„ 300 mA 

The maximum variation of heater current at V„ = 6.3V is ±15mA 

MOUNTING POSITION Any 

CAPACITANCES' (measured without an external shield) 

*~a- 
g 

*~a-k 

* ca-S 

*fig-k+h+s 

*Cg-k+h 

~k'-h 

~k"-h 

ca'-k'+h+s 

~a'-k'+h 

~a"-k"+h+s 

to"-;c"+h 

~a'-a" 

cg'-g" 
ca'-g" 

ca"_g- 

fig'-lt" 

Cg"-k' 

Grounded grid operation 

~a'-g'+h+s 

~a"-g"+h+5 

*~k-g+h+s 

*Each section. 

1 

OCTOBER 1959 (1) 

Minimum Average Maximum 
1.2 

130 

1.1 
2.7 

2.7 

- 

- 
1.55 

400 

1.45 

300 

- 

- 

2.6 

2.5 

5.1 

1.4 1.6 pF 

180 230 mpF 

1.3 1.5 pF 

3.3 3.9 pF 

3.3 3.9 pF 

2.6 - pF 

2.7 - pF 

1.75 1.95 pF 
500 600 mpF 

1.65 1.85 pF 

400 500 mpF 

30 45 mpF 
- 5.0 mpF 

- 5.0 mpF 

- 5.0 mpF 

5.0 mpF 

5.0 mpF 

2.9 3.2 pF 

2.8 3.1 pF 

6.0 6.9 pF 
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E88CC SPECIAL QUALITY 
DOUBLE TRIODE 

CHARACTERISTiCS3 (each section) 
V;, 90 
I;, 
g~„ 

15 
12.5 

i,, 
r;, 

33 
2.65 

V~ -1.2 
R~; 0 

OPERATING CONDITIONS (each section) 
Va ,. 

Vs _~ 
Rk
I„ 
$m 

Noise factor (f = 200Mcjs) 
~4(r. m.s.7 (Ig = -F 0.3N.A) 
Req~r. P.~ 

90 100 
0 x-9.0 

120 680 
12 15 0.8 

V 
mA 

mA/V 

kit 
V 
i2 

V 
V 
S2 

mA 
11.5 10.5 to 15 mA/V 
— 4.6 d B 

750 mV 
300 i2 

E6IUIPMENT DESIGN DATA FOR COMPUTER OPERATION 

V 
kit 

V 
kS2 
mA 

*This condition exceeds the maximum cathode current rating for continuous 
operation and measurements must be limited to a period of 1s. 

(each section) 

V~~~~ 60 150 
Rn 2.5 2.5 
Vg~~~ 60 150 
Rs 300 300 
la >9.0 33 5.0* 

BALANCE AND CUT-OFF CHARACTERISTICS 

V;, 150 V 
V~ (Ia=100µA) -7.0 1.5 V 
VK (la =5µA) -15 V 

REVERSE GRID CURRENT 
-Is <0.1 µA 

Measured at (Vb = 6.3V, Va = 90V, la = 15mA, Rg _k _ 100kS2) 

INSULATION 
Between heater and cathode 

V„ 6.3 V 
V~,_k (cathode negative) 60 V 
Vb _k (cathode positive) 120 V 
Leakage current <6.0 µA 
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SPECIAL 61UALITY 
DOUBLE TRIODE E88CC 

LIMITING VALUES' (design centre ratings) each section 

Varbi max. 400 V 

Va max. 220 V 

Va max. (p„ G800mW) 250 V 

tpa max. 1.5 W E—

tPa max. (pa'+pa„ <2W) 1.8 WE—

pa'rtpa' max. 3.0 WE—

p~ max. 30 mW 

tRs_k max. 1.0 MS2 

—Va max. 100 V 

*—vsrnk~ max. 200 V 

Ik max. 20 mA 

*i k ~pk ~ max. 100 mA 

Vb_k max. (cathode positive) 120 V 

Vb_k max. (cathode negative) 60 V 

Tvulb max. 170 °C 

*Maximum duty factor = 0.1, Maximum pulse duration = 200µs. 

j-Operation with fixed bias is only permitted for Ia~SmA. 

SHOCK AND VIBRATION RATINGS 

The E88CC can withstand vibrations of 2.5g and 50u,'s for 96 hours and is 

proof against impact accelerations of about 500g. 

OPERATING NOTES 

The hum voltage referred to g' has a maximum value of 50µV and is 

measured with the centre tap of the heater winding earthed, at a supply 

frequency of 50c,Is (including 3% at 500c/s), with a fully screened valve 
holder and a linear band-pass characteristic underthe following conditions:—

Va—k 

la

Rk

Ck

Rg_g 

OCTOBER 1959 (1) 

90 V 

15 mA 

80 S2 

1000 µF 

500 kS2 
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E88CC SPECIAL 61UALITY 
DOUBLE TRIODE 

3499 
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k~ 

The bulb and base dimensions of this valve are in accordance with BS448 
Section 69A 

~1 
Mullard 
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SPECIAL QUALITY 
OUTPUT PENTODE E130L 

Special quality high slope output pentode intended for general industrial 
applications. 

This data should be read in conjunction with GENERAL NOTES -SPECIAL 
QUALITY VALVES which precede this section of the handbook, and the 
index numbers are used to inclicate where reference should be made to a 
specific note. 

HEATER 

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

Vhl  6.3 V 

Ill 1.7 A 

The maximum variation of heater voltage at Ih =1, 7A is f 5%. 

CAPACITANCE52

cin 

Gout 

° a-gl 

CHARACTERI5TICS3

35 pF 

17 pF 

<2.0 pF 

Va 250 V 

Vg2 150 V 

Val -15.5 V 

I 100 mA 
a 

1 2 
4, 0 mA 

g 
27.5 mA/V 

gm 
6.5 

µg1-g2 
r 10 kSt 
a 

DECEMBER 1965 Page D1 



OPERATING CONDITIONS AS CLASS 'A' AMPLIFIER 

V 
a 
V 
2 g 

V 1
g 

R 
a 

Vin(r.m.s.) 

Ia(o) 
Ig2(o)

Pout 

Dtot 

250 V 

150 V 

-15.5 V 

2.7 kS2 

3.82 V 

100 mA 

4. 0 mA 

11.5 W 

10 % 

OPERATING CONDITIONS AS CLASS 'AB` AMPLIFIER -PUSH-PULL 

V 300 V 
a 

Vg2 150 V 

V 1 -17 V 
g 

R 1.6 id2 
a-a 

V. 9.0 V 
in(r.m.s.) 

Ia(o) 
2 x 80 mA 

Ig2(o) 2 x 2.5 mA 

Pout 
60 W 

Dtot 
5 % 

Ia(maxsig.) 
2 x 182 mA 

Ig2(max.sig.) 
2 x 22 mA 

RATINGS (ABSOLUTE MAXIMUM SYSTEM)¢

Va(b) max, 2, 0 kV 

V max. 900 V 
a 

Vg2 max. 250 V 

-va(Pk) 
max. 2.0 kV 

+va(pk) 
max. 8. 0 kV 

pa max. 27.5 W 

pa+g2 
max. 27.5 W 

Vg2(b) max. 550 V 

DECEMBER 1965 
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SPECIAL QUALITY 
OUTPUT PENTODE 

Pg2 max. 

-Vgl max. 

+Vgl max. 

-pgl max. 

Rgl max. 

Ik max. 

*ik(pk) max. 

**i max. 
k(pk) 

Vh-k max. (cathode negative) 

Vh-k max. (cathode positive) 

*Max, duration 4ms, Ik max, =150mA. 

**Max, duration 1.5µs, Ik max. =14mA. 

~B4678 

a 

a 

IC k,g 3 

Octal Bas¢ 
C T 2 Top Cap 

All dim¢nsions in mm 

DECEMBER 1965 

~l 
I ~l`ulla~ra l 

V 

E130L 

5.0 W 

150 V 

15 V 

0.1 W 

0.5 MSt 

300 mA 

1.5 A 

4.6 A 

100 V 

200 V 
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SPECIAL QUALITY 
OUTPUT PENTODE E130L 

E130L  4458 

Ia

Ig2 

20 -Vg (V) 15 
....
10 

i s 

VQ_Vg2=150V 

=100 

ANODE AND SCREEN CURRENTS PLOTTED AGAINST 
CONTROL-GRID VOLTAGE WITH ANODE AND 

SCREEN VOLTAGES AS PARAMETERS 

~Kullard 

1200 
Ia

Ig2 
(mA) 

1000 

800 

fi00 
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SPECIAL QUALITY 
OUTPUT PENTODE 

E130L 
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SPECIAL QUALITY 
OUTPUT PENTODE 

25 
_Vg1

(V) 

Ig2 
(mA) 

20 
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E130L 

i~ 

100 

E130L 
Va =150V 
Vgp_100V 

ra

200 

Ig2 84456 

gm 

-Vg1 

300Ia(mA) 

SCREEN CURRENT, CONTROL-GRID VOLTAGE, 
MUTUAL CONDUCTANCE AND ANODE IMPEDANCE 

PLOTTED AGAINST ANODE CURRENT 
Va =150V, Vg2 =100V 
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SPECIAL QUALITY' 
Y.H.F. TRIODE 

ECf000 

Special quality subminiature triode primarily intended 

for use as an input valve in measurement probes. 

This data should be read in conjunction with GENERAL NOTES -SPECIAL 

QUALITY VALVES which precede this section of the handbook, and the index 

numbers areusedtoindicatewhere reference should be made to a specific note. 

HEATER 

Suitable for parallel supply a.c. or d.c. 

Vhl 6.3 V 

Ih 185 mA 

MOUNTING POSITION 

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 2mm 

from the seal. 

CAPACITANCES2 (unshielded) 

Min. Av. NIax. 

ca- g 1.4 1.7 2.0 pF 

ca h 185 270 355 mpF 

ca-k 325 450 575 mpF 

c 2.9 3.5 4.1 pF g-k 
c 23 33 43 mpF g-h 
ch-k 2.3 2.8 3.3 pF 

CHARACTERISTICS3

Va 80 V 

Ia 14 mA 

Vg -2.0 V 

gm 14.5 mA/V 

µ 27.5 

rgl (f = 250Mc/s) 300 '? 
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN 

Av. Initial range End of life 

Anode current 

Va(b) =90V 

Rk = 68052 

Vg 
fib) 

= 7.5V 14 mA 

Varo)=82V 

Rk = 14352 

Vg ro) = OV 14 11.2 to 16.8 8.2 mA 

Mutual conductance 

Va ~) = 90V 

Rk = 68052 

Vg 
fib) 

= 7.5V 14.5 12.9 to 16.1 9.2 mA/V 

Va fib) 
= 82V 

Rk = 14352 

Vg 
fib) 

= OV 14,5 mA/V 

Negative grid current 

v a ro) = s2v 
Rk = 680SZ 

Vg 
ro) 

= 7.5V <10 C10 nAE—

Heater current 

Vh = 6.3V 185 175 to 195 mA 

Heater-cathode insulation 

Vh-g = 55V <5.0 <10 µA 

SHOCK AND VIBRATION 

The EC1000 can withstand vibrations of 2.5g and 50c/s for 96 hours andis proof 

against impact accelerations of approximately 5008. 

ABSOLUTE MAXIMUM RATINGS4

Va 
ro) 

max. 275 V 

Va max. 110 V 

pa max. 1.5 W 

Ik max. 22 mA 

-V max. 55 V 
g 

*Rg-g max. 48 M52 

Vh_k max. 55 V 

Vh max. 6.6 V 

JULY 1965 
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SPECIAL QUALITY 
V.H.F. TRIODE 

Vh min. 

Tbulb 
max. 

ECI000 

6.0 V 

170 `C 

*R max. should be restricted to that value at which no absolute maximum 
g-k 

rating is exceeded at -I = lOnA. In practice the maximum R will also be 
g g-k 

determined by the required current stability and the permissible hum level. 

In calculating the maximum permissible R to be safe from thermal run-
g-k 

away, the d.c. feedback factor of the circuit should be taken into account. 

a 

84421 1 

9 

IC k 

B8D/F Base 

All dimensions in mm 

8 Leads 
0.432 dia 

JULY 1965 
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SPECIAL QUALITI~' 
V.H.F. TRIODE 

9415 
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SPECIAL 6~UALITY PENTODE 
Special quality high slope pentode for use as a wide band 
amplif,er where stability of characteristics and long life 
are required. 

E186F 

This data should be read in conjunction with GENERAL NOTES—SPECIAL 
QUALITY VALVES which precede this section of the handbook, and the 
index numbers are used to indicate where reference should be made to a 
specific note. 

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

Vhl 6.3 V 
It, 320 mA 

The maximum variation of heater current at Vh = 6.3V is ±20mA. 

CAPACITANCESz (shielded) 

ce-g1 max. 
c~~, 
~011t 

CHARACTERISTICS3
V a

Vg3 

Vgz 
Vgl 
1a
Igz 
$m 

µg1-g2 
re

-Vg1 max. (Ig1 = + 0.311A) 

30 mpF 
7 6 pF 
3.45 pF 

180 V 
0 V 

150 V 
-1.25 V 
13 mA 
3.3 mA 

16.5 mAIV 
53 

100 kit 

0.5 V 

OPERATING CONDITIONS AS R.F. AMPLIFIER 
V~ ~. 
Vg3 k 
Vgg-.e

Vg1-e 
R~ 
1~ 
Igz 
gn, 
Rl.q (r.f.) 

tRecommended minimum value for Vg2_e = 

OCTOBER 1963 

180 190 V 
0 0 V 

150 160 V 
0 + 9.0 V 

1001 630 i_> 
11.5 13 mA 
2.9 3.3 mA 

15.9 16.5 mA;V 
— 330 f? 

150V. 

Pap Di 



E186F SPECIAL AUALITY PENTODE 

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN 

Anode current 

Va_e = 190V, Vzz_e = 160V, 

Ve1_e = +9V, R~ = 63052 

Average Initial rouge 
13 12.2 to 13.8 

End of life* 
> 11.5 mA 

Anode Current — < 0.8 — mA 

Va_k = 180V, Vgz_k = 150V, 

Vg1 = —4.5V 

Screen-grid current 3.3 2.9 to 3.7 — mA 

Va_e = 190V, Vg2_e = 160V 

Vs1_e = -~ 9V, Rk = 63052 

Mutual conductance 16.5 14.2 to 18.8 > 11 mA~V 
Va_e = 190V, Vg2_e = 160V, 

Vsl_e = -I-9V, Rk = 63012 

Negative control-grid current — < 0.2 < 0.5 µA 

V3 _ e = 190V, Vgl _e = +9V, 
Vg2._ e = 160V, Rk = 63052, 
Rai - k = 100kS2 

Insulation resistance — > 100 > 50 Mil 

anode to all other electrodes 
Vd.e, 300V 

grid to all other electrodes — > 100 > 50 M52 
Vd.c. 100V 

Heater-cathode insulation (In_k) — < 10 < 20 µA 

Vn_k = 100V 

Heater current 320 300 to 340 300 to 340 mA 
Vn = 6.3V 

*To allow for valve deterioration during life, circuits should be designed to 
function with a valve on which one or more of the characteristics have 
changed to the values stated. 

SHOCK AND VIBRATION RATINGS 

The E186F can withstand vibrations of 2.5g and 50c~s for 96 hours and is proof 
against impact accelerations of approximately 500g. 

OCTOBER 1963 

~1 
M`u`llaJJrd 

V 
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SPECIAL 61UALITY PENTODE E186F 

ABSOLUTE MAXIMUM RATINGS9

Va(b) max. 400 V 
Va max. 210 V 
p3 max. 3.0 W 
Vgz~~~ max. 400 V 
VKz max. 175 V 
p~2 max. 700 mW 

-}- Vg1 max. 0 V 
-Vgl max. 50 Y 
-vgi~~,k~ max. 100 V 

I k max. 25 mA 
Rg1_k max. 250 kS2 
Vh-k max. 60 V 
Rh_k max. 20 kS2 
Tb«ib max. 165 °C 
Vh max. 6.6 V 
Vn min. 6.0 V 

OPERATING NOTES 

1. Hum 

The hum voltage referred to gl has a maximum value of 100µV and is 
measured with the centre tap of the heater winding earthed, a supply 
frequency of 50c/s (including 3% at 500c/s) and a linear band-pass 
characteristic under the following conditions: 

Vt, 6.3 V 
Vn 207 V 
Vg3 0 V 
Yg2-e 150 V 
Ra 2.0 kS? 
R,; 78 12 
Cx 1000 µF 
Rgi-k 500 k1~ 

2. Microphony 

The microphonic noise voltage measured at the anode has a maximum 
value of 500mV over the frequency range 50 to 2000c/s and has a maximum 
value of 200mV at a frequency of 50c/s measured under the following 
conditions: 

V~, 6.3 V 
Vv 216 V 
Vg3 0 V 
Vg2_e 160 V 
Vgt-e i-9.0 V 
Ra 2.0 kS2 
Rk 630 S2 
peak acceleration 10 g 

OCTOBER 19f1 

~1 
~ Mallard 

V 
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E186F SPECIAL 6tUALITY PENTODE 
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B 562 
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SPECIAL QUALITY PENTODE E186F 
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SPECIAL 62UALITY 
WIDEBAND R.F. PENTODE E810F 
Special quality high slope pentode designed for use in industrial 
equipment where stability of characteristics and long life are required. 

This data should be read in conjunction with GENERAL NOTES—
SPECIAL QUALITY VALVES which precede this section of the handbook, 
and the index numbers are used to indicate where reference should be 
made to a specific note. 

HEATER 

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

Ih 

6.3 V 
340 mA 

The maximum variation of hearer current at 6.3V is +20mA. ~ 

CAPACITANCES'-' E-

Shielded Minimum Average Maximum 

ca-gl — — 32 mpF 
ci❑ 13 14.5 16 pF 
cin(w) (Ik = 40mA) 22 24 26 pF 
tout 3.9 4.1 4.3 pF 
ca-k 26 33 40 mpF 
cgl_h 35 55 75 mpF 
ea_h 12 20 28 mpF 
ch-k 4.2 5.2 6.2 pF 

Unshielded 

ea-gl 

ein 

cinlw) (Ik = 40mA) 
coot 

ea-~;

Cgl-.h 

ea-h 

CHARACTERISTICS; 

~a 

Vga 
Vgz 
Vgl 

— — 6 mpF 
13 14.5 16 pF 
22 24 26 pF 
3.2 3.5 3.8 pF 

53 60 67 mpF 
40 60 80 mpF 
26 31 36 mpF 

120 V 
0 V 

150 V 
-1.9 V 

Rk 0 S2 
la 35 mA 
Igz 5.0 mA 
gm 50 mA/V 
ra 42 kS2E-
t-tgt_gz 57 [-
rgl (f = 100Mc;s) 420 S2 
ReQ (f = 40Mc/s) 110 S2E-

JANUARY 1963 
Mullard j 
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E810F SPECIAL 6ZUALITY 

WiDEBAND R.F. PENTODE 

CHARACTERISTIC RANGE VALUE FOR E6lUIPMENT DESIGN 

Averoge Initial End of 
range Life* 

Anode current 

at V,, _e = 135V, Vgz_ e = 165V, 
Vgl_e = OV, Rk = 4752 35 31 to 39 25 mA 

at Va_e = 135V, Vgz_e = 165V, 
Vgl_ e = +12.5V, Rk = 36052 35 34 to 36 — mA 

Screen-grid current 

at Va_e = 135V, Vg2_e = 165V, 

Vgi-~~ _ +12.5V, Rk = 36052 5 4.4 to 5.6 — mA 

Mutual conductance 

at Va _e = 135V, Vg2_e = 165V, 
Vgl -e = +12.SV, Rk = 36052 50 42 to 58 35 mA/V 

Negative control-grid current 

at Va_ e = 135V, Vg2_ e = 165V, 
Vgt-e = +12.5V, Rk = 36052 — 0.1 <0.2 µA 

*To allow for valve deterioration during life, circuits should be designed to 
function with a valve in which one or more of the characteristics have changed 
to the values stated. 

OPERATING CONDITIONS 

Va-e 

VR3-e 

Vg2-e 

Vg1-e 
R~;
la
Igz 
$m 

INSULATION 

135 V 
U V 

165 4-
+12.5 `d 
360 S2 

35 mA 
5.0 mA 

50 mA/V 

Initial Range End of life 
Between heater and cathode 

measured at V„_ k = 100V 
Leakage current <10 <20 µA 

Between any two arbitrary 
electrodes except k-g1 

measured at 250V <100 <40 Mi2 

JANUARY 1963 Pa`e D2 



SPECIAL b1UALITY 
WIDEBAND R.F. PENTODE E810F 

8383 E810F 

Va =120V 
V93 = OV 

gm = 60mA/V 

55mA /V 

50mA/V 

45mA/V 

40mA/V 

3 5mA/V 

30mA/V 

20mA/V 

IOmA/V 

Vyi (V) -3 _2 

0 _~ 
 n 

~ N

0 

8Q 

60 

40 

20 

0 

ANODE CURRENT PLOTTED AGAINST CONTROL-GR.ID VOLTAGE ~ 
WITH SCREEN-GRID VOLTAGE AS PARAMETER AND WITH MUTUAL 

CONDUCTANCE CONTOURS 

FEBRUARY 1964 Pasa C1 



E810F SPECIAL 61UALITY 
WIDEBAND R.F. PENTODE 

8384 
EBIOF 

cjm=60mA/V 

 55mA/V 

~~~~50mA/V _ 

45mA/V 

40mA/V 

35mA/V 

30mA/V 

20mA/V 

IOmA/V 

Vg, (V) —3 _2 

Ug3 = OV 
 O 

h 
N 

0 

80 

60 

40 

20 

0 

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

CONDUCTANCE CONTOURS 

FEBRUARY 1964 
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SPECIAL 61UALITY 
WIDEBAND R.F. PENTC►pE E810F 
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E810F SPECIAL QUALITY 
WIDEBAND R.F. PENTODE 
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SPECIAL 61UALITY 
WIDEBAND R.F. PENTODE E810F 
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E810F SPECIAL 61UALITY 
WIDEBAND R.F. PENTODE 
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~~ 

SPECIAL 6ZUALITY DOUBLE DIODE 
~~0~~ Special quality miniature double diode with separate 

cathodes and internal screening between sections for use 
in equipment where mechanical vibration and shocks are unavoidable and where 
statistically controlled major electrical characteristics are required. 

This data should be read in conjunction with GENERAL NOTES —

SPECIAL QUALITY VALVES which precede this section of the handbook, 

and the index numbers are used to indicate where reference should be 

made to a specific note. 

HEATER 

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

Vn~ 6.3 V 

~ In 300 mA 

CAPACITANCES' (measured with an external shield) 

cM1. is ~,-.-; 

c:~~- is ri,-~+ 

~k' a,' Ih-s ~9 

~k.. A.,;h~ +a 

ca ~-

LIMITING VALUES' (absolute ratings) each section 

3.2 pF 

3.2 pF 

3.9 pF 

3.9 pF 

<26 mpF 

P.I.V. max. 460 V 

I~ max. 10 mA 

ia~nk~ max. 60 mA 

V,, k max. ?60 V 

V;,,~,~.,,,,,.~ max. 165 V 

R,;,,, min. (per anode) 600 S2 

Maximum acceleration (continuous operation) 2.5 g 

Maximum shock (short duration) 500 g 

T,,,,;i, max. 165 °C 

  Mullard 
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M8079 SPECIAL 61UALITY DOUBLE DIODE 
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SPECIAL HUALITY DOUBLE DIODE M8O79 
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M~079 SPECIAL 62UALITY DOUBLE DIODE 
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SPECIAL 61UALITY DOUIBLE DIODE M~079 
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M8079 SPECIAL 6ZUALITY DOUBLE DIODE 
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The bulb and base dimensions of this valve are in accordance with 65448, 
Section 67G 
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SPECIAL 61UALITY DOUBLE DIODE M8079 
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SPECIAL 61UALITY OUTPUT 
PENTODE 
Special quality output pentode for use in equipment 
where mechanical vibration and shocks are unavoidable 
and where statistically controlled major electrical 
characteristics are required. 

M8082 

This data should be read in conjunction with the GENERAL NOTES -
SPECIALQUALITY VALVES which precede this section of the handbook, 
and the index numbers are used to indicate where reference should be 
made to a specific note. 

HEATER 

6.3 V 
200 mA 

MOUNTING POSITION Any 

CAPACITANCES- (measured with an external shield) 

c~~~ 
c„~~~ 
cA-k~ 

CHARACTERISTICS; 

3.8 pF 
6.5 pF 

X300 mpF 

V;, 250 V 
Viz 250 V 
la 16 mA 
IRz 2.3 mA 
g,,, 2.5 mA/V 
r;, 130 kS2 
~.~i- Rz 12 
R~; 0 S2 
VQi -13.5 V 

ABSOLUTE MAXIMUM RATINGS' 
f max. 100 Mc/s 
V;,~~,~ max. 550 V 
V;, max. 300 V 
p;, max. 4.75 W 
VQzf ~,~ max. 550 V 
Viz max. 275 V 
paz max. 800 mW 

-V~~ max. 110 V 
Vgi ~z max. 300 V 
IFS max. 3.3 mA 
Iti max. 23 mA 
Rai i; max. (fixed bias) 220 kS2 
Vi,- ~; max. 150 V 
Maximum acceleration (continuous operation) 2.5 g 
Maximum shock (short duration) 500 g 
Tmnn max. 180 °C 

MAY 7962 
Mullard 
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M8082 SPECIAL 6'UALITY OUTPUT 
PENTODE 
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SPECIAL 61UALITY OUTPUT 
PENTODE M8082 
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SPECIAL 61UALITY OUTPUT 
PENTODE 
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i SPECIAL 61UALITY OU~fPUT 
PENTODE M8082 
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M8082 SPECIAL HUALITY OUTPUT 
PENTODE 

A.Q.L. Min. Max. 

%~ 
Dynamic life test 100 hours 

Running conditions as a trebler. V~, = 300V, 
decoupling resistor = 1.OkS2 
I;,+ I~Z = 20mA, IKI = 1.6mA, f = 70 to 75Mc~s 
P,,,,I = 900mW 

Dynamic life test end point 

Change in P„ ~,~ — — 20 

GROUP G 
Valves are held for 28 days and retested for 

Inoperativeslc 

Reverse control-grid current. 
RRI max. = 500kf2 

ze31 

h 

O O 

k,93 O O NC 

O 
91   9Z 

O 

87G Bas¢ 

0.5 

0.5 — 0.75 µA 

19mm .4  
mox 

x 
O 
E 
E 
E 
m 

a 

54
.5

m
m
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ax

 

r 

The bulb and base dimensions of this valve are in accordance with BS448, 
Section 67G 

APRIL 1960 (1) Pa`e D6 



SPECIAL 6ZUALITY OUTPUT 
PENTODE 
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M8082 SPECIAL QUALITY OUTPUT 

PENTODE 
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SPECIAL 6ZUALITY OU-fPUT 

PENTODE M8082 
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M8082 SPECIAL fdUALITY OUTPUT 
PENTODE 
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SPECIAL 6ZUALITY OUTPUT 
PENTODE M8082 
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M8082 SPECIAL QUALITY OUTPUT 
PENTODE 
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5PECIAL QUALITY OUTPUT 
PENTODE M8082 
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M8082 SPECIAL 62UALITY OUTPUT 
PENTODE 
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SPECIAL 61UALITY OUTIPUT 
PENTODE M8082 
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SPECIAL 61UALITY R.F. PENTODE 

Special quality r.f. pentode for use in equipment where 
mechanical vibration and shocks are unavoidable and 
where statistically controlled major electrical character-
istics are required. 

M8083 

This data should be read in conjunction with the GENERAL NOTES -
SPECIALQUALITY VALVES which precede this section of the handbook, 
and the index numbers are used to indicate where reference should be 
made to a specific note. 

HEATER 

Vi,' 

Ih 

MOUNTING POSITION 

CAPACITANCES (measured with an external shield) 

c;,, 

bout 

ca-~t 

6.3 V 

300 mA 

Any 

7.1 pFF-
3.4 pFF-

-,10 mpF 

CHARACTERISTICS 

Va 250 V 

Vg3 0 V 

Vgz 250 V 

l a 10 mA 

Ig2 2.6 mA 

Vgl -2.0 V 

gm 7.6 mA,'V 

ra ~ 500 kS? 

µet-gz 70 

Rk 0 S2 

LIMITING VALUES" (absolute ratings) 

Va~~,~ max. 550 V 

Ve max. 300 V 

pa max. 3.0 W 

Vez~r~ max. 450 V~ 

V~2 max. 300 V 

p~z max. 900 mW 

-VK ~ max. 55 V 

I k max. 16.5 mA 

Rgt _ x max. 500 kf2 F 

Vh _~; max. 150 V 

Maximum acceleration (continuous operation) 2.5 g 

Maximum shock (short duration) 500 g 

Tbu1n max. 200 °C 
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SPECIAL 6ZUALITY R.F. PENTODE M8083 
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M8083 SPECIAL 62UALITY R.F. PENTODE 

GROUP G 

Valves are held for 28 days and retested for 
Inoperativeslr,

Reverse control-grid current. 
R~i max = 500kS? 

3594 

a 

93.s 

gl 

87G Bo s¢ 

A.Q.L. ~ Min. Max. 
%~ 

0.5 

0.5 0.75 uA 

I 
E 
Ex 

r~~ E 
v 

19 mm 
max 

The bulb and base dimensions of this valve are in accordance with BS448, 
Section 67G 

APRIL 1960 (i) Page D6 



SPECIAL b~UALITY R.F. PENTaDE M8083 

5480 M8083 

Va= V92~ ISOV 
v93= OV 
Rk=011 
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Vy l V) —6 —4 —2 0 

ANODE CURRENT, SCREEN-GRID CURRENT AND MUTUAL CONDUCT-
ANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. Va = Vg2 = 150V 

  [Mu-' 1 a d~   
NOVEMBER 1958 !1) 
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SPECIAL 61UALITY R.F. PENTODE 
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CONTROL-GRID VOLTAGE AS PARAMETER. Vg2 = 150V 

NOVEMBER 1958 ~1) 

~ l 
Mullard 

V 
Page C3 



M8083 SPECIAL 61UALITY R.F. PENTODE 

5477 M 8083 

Va = V92= 200V 
V93= OV 
Rk = Ofl 

9m 

Ia

I92 

Ia

(m A) 

20 

15 

10 

5 

O 

I 92 
(mA) 

9m 
(mA~V) 

8 

6 

4 

2 

0 
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ANODE CURRENT, SCREEN-GRID CURRENT AND MUTUAL CON-
DUCTANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. Va=Vg2=200V 

NOVEMBER 1958 (1) Page C4 
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M8083 SPECIAL 6~UALITY R.F. PENTODE 
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SPECIAL 61tUALITY Ft. F. PENTODE M8083 

5481 M8083 

Va = V92=250V 
V93=0V 
R k = 0f2 
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~` ANODE CURRENT, SCREEN-GRID CURRENT AND MUTUAL CONDUCT-
ANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. Va = Vg2 = 250V 
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M8083 SPECIAL G3UALIT~ R.F. PENTODE 
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SPECIAL QUALITY R.F, PENTODE M8083 
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SCREEN-GRID CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH 
CONTROL-GRID VOLTAGE AS PARAMETER. Vg2 = 250V 

NOVEMBER 19@8 (1) 
[ Mullard 
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M8083 

V91 (V -6 

SPECIAL 4~UALITY R.F. PENTODE 

Triode connected 

l i f l
Rk=Ofl 

i ii ■

-4 

  O 
O 

 M 
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~o 

-2 O 

0 

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH 
ANODE VOLTAGE AS PARAMETER, WHEN TRIODE CONNECTED. 

NOVEMBER 1958 i1 i Pasa C10 



SPECIAL 6ZUALITY R.F. PENTODE M8083 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH CONTROL-
GRID VOLTAGE AS PARAMETER, WHEN TRIODE CONNECTED 
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M8083 

5468 

SPECIAL 6~UALITY R.F. PENTODE 

M 8083 

Triode connect¢ 
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MUTUAL CONDUCTANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE 
WITH ANODE VOLTAGE AS PARAMETER, WHEN TRIODE CONNECTED 

NOVEMBER 1958 (1~ 

G l 
M``ullaJrJd 

V 
Page C12 



SPECIAL 6ZUALITY 
HALF-WAVE RECTIFIER 
Special quality half-wave rectifier primarily intended for 
operation at high altitudes in equipment where mechanical 
vibration and shocks are unavoidable. 

M8091 

This data should be read in conjunction with GENERAL NOTES—
SPECIAL QUALITY VALVES which precede this section of the handbook, 
and the index numbers are used to indicate where reference should be 

made to a specific note. 

I-(EATER 
V~,i 6.3 V 
In 1.15 A 

MOUNTING POSITION Any 

LIMITING YALUES~ (absolute ratings} 
P.I.V. max. 2.0 kV 
ia~pxi max. 900 mA 
Vl,_k max. 650 V 
Maximum altitude for full P.I.V. rating 60,000 ft 
Maximum acceleration (continuous operation} 2.5 g 
Maximum shock (short duration} 500 g 
T~„nb max. 220 °C 

TYPICAL OPERATION OF TWO Mi8091 AS FULL-WAVE RECTIFIER 
Capacitor input 

3367 

Vinlr. m...) 2x 500 
Rl;,,, min. (per anode} 150 
C max. 16 
to„r max. 300 

IC 

Top cap 
typc CTI 

IC 

B~4A Base 

Mullard 

x 
0 
E 
E 
E 

~o 
r 

2 x 625 V 
250 ~7 
16 ~cF 

250 mA 

224mm 
max ~ 

x 
v 
E 
E 
E 
ao 
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M8091 SPECIAL 6ZUALITY 
HALF-WAVE RECTIFIER 
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SPECIAL 6~UALITY 
HALF-W AYE RECTIFIER M8091 
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M8091 SPECIAL 62UALITY 

HALF-WAVE RECTIFIER 
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i SPECIAL QUALITY 
HALF-WAVE RECTIFIER M8091 

250 
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I50 
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to zo 3o va(v) 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 

SEPTEMBER 1959 (1) Pase C1 



M8091 SPECIAL QUALITY 
HALF-WAVE RECTIFIER 

Lout 
~mA~ 

250 

200 

I50 

100 

50 

O 

M8091 6269 

Rating chart 1 

Boundary for operationwith choke input filter 

Boundary for operation with capacitor input filtcr 

O 200 400 600 Vin~r.m.s.)V) 

BOUNDARY OF OPERATION WITH CAPACITOR OR 
CHOKE INPUT FILTER 

SEPTEMBER 1959 (1) Page G2 



SPECIAL 61UALITY 
HALF-WAVE RECTIFIER M8091 
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- 6575 M8091 ~ 

Rating chart 2 

Capacitor input filter based io (surge~=3~2A upon 

Cmox = 24~Ffor t= 40to 60c/s.At f>~60c/s 

Cmox = SOx 24pF 
f(c/s~ 

I I ( r r 
R I i m = Rs +n2Rp+R add = NZVin(r. (surge m.s.)—vo

io (surge) 

Rlim= Series resistance per anode - 

Rs =Resistant¢ of She transformer secondary 

per anode 

Rp =Resistance of the transformer primary 

Rodd =Added series resistance anodz per 

n =Secondary to ratio in halt-wave primcry 
circuits or hall to s¢conda y primary 
ratio in Tull - wave circuits 

O 200 400 600 \V r. m.s~ 

Open circuit secondary voltage 

MINIMUM SERIES ANODE RESISTANCE PLOTTED AGAINST 
OPEN CIRCUIT SECONDARY VOLTAGE 

SEPTEMBER 1959 (i) Pase CS 



M8091 SPECIAL BUALITY 
HALF-WAVE RECTIFIER 

Lout 
~mA~ 

aoo 

I50 

100 

50 

O 

M8091 6270 

Rating cAart 3 

Copacitor input Dased upon i~pk~maz=900mA 

Rectification efficiency= VOutx lOO oho
~Vin(r.m.s~ 

Area of p¢rmissi6la operation 

1 

O 20 40 60 80 
Rectification efficiency 

loo (°i°) 

OUTPUT CURRENT PLOTTED AGAINST RECTIFICATION EFFICIENCY 

SEPTEMBER 1959 (t) Para C4 



SPECIAL 61UALITY 
HALF-WAVE RECTIFIER M8091 

~ou< 
~V~ 
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6272 Mfi091 

~ ~ 
Op¢rat on of two M8091 as 
full-wov¢ r¢cti}i¢r (tm50c/s> 

~ ~ ~ ~ ~ 
Capacitor input fdt¢r 

. ~! _ 

~a 
~ '~'o 

a,. 

2x2s0~ \ 
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2#400 
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2xf3p~ 
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2x300 
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~~ 

r 

100 200 300 Iout~'rA) 

CAPACITOR INPUT FILTER REGULATION CURVES 

141ullard 
SEPTEMBER 1959 (1) Page CS 



M8091 SPECIAL 6~UALITY 
HALF-WAioE RECTIFIER 
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~V~ 
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M609I 6271 

1 1 1
Operation of two M8091 as 
full-wave rectifi¢r (f=SOc/s) 

I l ( I I I I

Choke 'opal filter 
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CHOKE INPUT FILTER REGULATION CURVES 
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SPECIAL 61UALITY 
V.H.F. POWER TETRODE 
Special quality r. f. beam power tetrode for use at frequencies 
up to 175Mc/s in equipment where mechanical vibration and shocks are unavoidable 
and where statistically controlled major electrical characteristics are required. 

M8096 

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

HEATER 
Vt,i 6.0 V 
Ih 750 mA 

CAPACITANCES'-' (measured without an external shield) 

ce-gl <300 mpF 
c~„ 9.5 pF 

tout 4.5 pF 

CHARACTERISTICS3
Va 250 V 
Vbt, 0 V 
Vgz 250 V 
Vgl -7.5 V 
la 45 mA 
Ig2 4.5 mA 

g,~ 7.0 mA; V 

I~gi-gz 16 
Rk 0 S2 

LIMITING VALUES4 (absolute ratings) 
f max. 175 Mc/s 

Vato) max. 500 V 
Va max. 300 V 

Vgzin) max. 500 V 
Vg2 max. 250 V 

-Vgl max. 125 V 
pa max. 12 W 

p~z max. 2.0 W 
I k max. 60 mA 

ixc~xl max. 550 mA 
Vh_k max. 100 V 
Maximum acceleration (continuous operation) 2.5 g 
Maximum shock (short duration) 500 g 
Thutu max. 250 °C 

JUNE 1960 (1) Page D1 



M8096 SPECIAL 61UALITY 
V.H.F. POWER TETRODE 
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SPECIAL HUALITY 
V.H.F. POWER TETRODE: M8096 ~ 
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M8096 SPECIAL 61UALITY 
V.H.F. POWER TETRODE 
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SPECIAL HUALITY 
Y.H.F. POWER TETRODE. M8096 
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M8096 SPECIAL HUALITY 
V.H.F. POWER TETRODE 

A.Q.L. Min. Max. 

GROUP G (%) 

Valves are held for 28 days and retested for 
Inoperatives1e . . 0.5 — —

Reverse grid current. Rxi max. = 100kS2 0.5 2.5 µA 

a 

Dp 

91 - 

L6309J 

b p'k

-- 92 
NC 

0 91 

B9A Base 

All dimensions in mm 

~F 
Connect contoct 3 to contact 7 of socket. 
Contacts 8 and 9 should be connected to 
external circuit with lends o1 equal length. 

The bulb and base dimensions of this valve are in accordance with BS448. 

Section B9A 

JUNE 1960 (1) 
Mullard ~ 
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SPECIAL 6ZUALITY 
V.H.F. POWER TETRODE: 
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Va-V92= 250V 
Rk=OR 
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I92 
(m A) 

25 

20 

15 

10 
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9m 
(mA/V) 

10 
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4 

0 

Vy (V) - 30 - 20 - 0 0 

ANODE AND SCREEN-GRID CURRENTS, MUTUAL CONDUCTANCE AND 
ANODE IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE 

OCTOBER 1959 (1) 
~Mullard 

V 
Pate C1 



M8096 SPECIAL 6lUALITY 
V.H.F. POWER TETRODE 
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SPECIAL 61UALITY V.H.F. PENTODE 
Special quality low noise, high slope r. f. pentode for use 
in equipment where mechanical vibration and shocks are 
unavoidable and where statistically controlled major 
electrical characteristics are required. 

M8100 

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

HEATER 
Vh l 

Ih

CAPACITANCESz (measured with an external shield) 

ca—gl 

din 

cant 

CHARACTE121STICS3

V Rz 
In
Ise 
Vsl 
gm 
ra

E~Ri-sz 
Rk

ABSOLUTE MAXIMUM RATINGS 

6.3 V 
175 mA 

<20 mpF 
4.0 pF 
3.1 pF 

120 180 V 
120 120 V 

7.5 7.7 mA 
2.5 2.4 mA 

-2.0 -2.0 V 
5.0 5.1 mAJV 

250 400 kS2 
35 35 
0 0 i2 

f max. 
Va(b) max. 
Va max. 
pa max. 
Vgzcb~ max. 
Vgz max. 
pgz max. 

-VQ1 max. 
Isl max. 
Rgl_k max. 
I k max. 
Vi,_k max. 
Maximum acceleration (continuous operation) 
Maximum shock (short duration) 
Tbuib max. 

JANUARY 1963 

400 McJs 
400 V 
200 V 

1.65 W 
310 V 
155 V 
550 mW 
55 V 
4.0 mA 
3.0 MS2~ 

20 mA 
130 V 

2.5 g 
500 g 
165 °C 

Pase D1 



M81OO SPECIAL QUALITY V.H.F. PENTODE 
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SPECIAL QUALITY V.H.F. PENTODE ■"~V I o0 
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MV I OO SPECIAL QUALITY V.H.F. PENTODE 
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M81OO SPECIAL 61UALITY V.H.F. PENTODE 

., ~s 
max i 

a 

474 8~ 

91 
k.93•s 

h 

92 

91 ~ i k,93s 

B7G Base 

All dimensions in mm 

x 
0 
E 
ro

The bulb and base dimensions of this valve are in accordance with BS448, 
Section 67G 

JUNE 1960 (1) 
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SPECIAL 6~lUALITY V.H.F'. PENTODE M8100 
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ANODE CURRENT, SCREEN-GRID CURRENT, MUTUAL CONDUCTANCE 
AND ANODE IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. 

Va = 120V 
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M81OO SPECIAL QUALITY V.H.F. PENTODE 
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ANODE CURRENT, SCREEN-GRID CURRENT, MUTUAL CONDUCTANCE 
AND ANODE IMPEDANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. 

Vs = 180V 
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MV ~ OO SPECIAL QUALITY V.H.F. PENTODE 
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SCREEN-GRID CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH 
CONTROL-GRID VOLTAGE AS PARAMETER. 
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SPECIAL QUALITY V.M.F. PENTODE ~"~V I o0 

5019 M8100 

J l
Triode connec4ed 

l 1 I I 
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ANODE CURRENT AND MUTUAL CONDUCTANCE PLOTTED AGAINST 
CONTROL-GRID VOLTAGE, WHEN TRIODE CONNECTED. 
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M8100 SPECIAL 6ZUALITY V.H.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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SPECIAL 61UALITY VARIABLE-MU M8 i 6 I R.F. PENTODE 
Special quality variable-mu r. f. pentode for use in equip-
ment where mechanical vibration and shocks are unavoid-
able and where statistically controlled major electrical characteristics are required. 

This data should be read in conjunction with GENERAL NOTES—
SPECIAL QUALITY VALVES which precede this section of the handbook, 
and the index numbers are used to indicate where reference should be 
made to a specific note. 

HEATER 

Vi,i 6.3 V 
I h 200 mA 

MOUNTING POSITION Any 

CAPACITANCES' 

c;., 
tout. 

~fl—R1
ch—k 

CHARACTERISTIC53

Va
Vsz 
VB3 
la
Igz 
Vgi 
gm 

ra
iAgl—g2 

R~;
Vgl (for 100:1 reduction in g,,,) 

ABSOLUTE MAXIMUM RATINGS 

Unshielded Shielded 
4.8 5.0 pF 
6.3 6.5 pF 

<15 <10 mpF 
2.3 ~.3 pF' 

Vd~h~ max. 
Va max. 
pa max. 
Vgz(hi max. 
Vg2 max. 
pg2 max. 

-Vg max. 
I F max. 
Rgl _ k max. (cathode bias) 
Rgl- k max. (fixed bias) 
Vh_k max. 
Maximum fatigue (continuous operation) 
Maximum shock (short duration) 
Tb„ib max. 

JULY 1962 

200 V 
200 V 
0 V 
8.25 mA 
2.1 mA 

-2.5 V 
2.45 mA/V 

900 kS2F
30 
0 S2 

-27 V 

500 V 
300 V 

3.0 W 
300 V 
300 V 
700 mW 
55 V~ 
14 mA 

500 kS2 
100 kS2 
150 V 

2.5 g 
500 g 
200 °C 

Page Dt 
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SPECIAL 61UALITY VARIABLE-MU 
R.F. PENTODE M8161 
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SPECIAL 61UALITY VARIABLE-MU 
R.F. PENTODE M8161 
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M8161 SPECIAL 61UALITY VARIABLE-MU 
R.F. PENTODE 

A.Q.L. Min. Max. 
~"~~) 

GROUP G 

Valves are held for 28 days and 
retested for 

Inoperatives"' 0.5 

Reverse grid current. 
R,~ max. = SOOkS2 

~3594~ 

a 

93.s 

gl 

0.5 0.75 µA 

The bulb and base dimensions of this valve are in accordance with BS448 
Section 67G 

SEPTEMBER 1960 (1) Page D6 



SPECIAL 6~UALITY VARIABLE-MU 
R.F. PENTODE M8161 
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH CONTROL-
GRID VOLTAGE AS PARAMETER. V~2 - 200V. 
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M8f61 SPECIAL AUALITY VARIABLE-MU 
R.F. PENTODE 

6407 M8161 
I I I I I 

Va = V9 2 = 200V 

Rk=0S2 

Ia

Ig2 

9m 

I 
(mA) 

(mA/V) 
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O 03 

O OI 

0003 

0.001 

V9 (V - 30 -20 -10 0 

ANODE CURRENT, SCREEN-GRID CURRENT AND MUTUAL CONDUCT-
ANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE. V;, Vq~ 200V. 
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SPECIAL HUALITY VARIABLE-MU 
R.F. PENTODE 
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SCREEN-GRID CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH 
CONTROL-GRID VOLTAGE AS PARAMETER. V,~ 200V. 
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M8161 SPECIAL 6`~UALITY VARIABLE-MU 
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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SPECIAL 61UALITY VARIABLE-MU 
R.F. PENTODE M8161 
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SCREEN-GRID CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH 
CONTROL-GRID VOLTAGE AS PARAMETER. Vgz = 250V. 
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M8161 SPECIAL 9UALITY VARIABLE-MU 
R.F. PENTODE 
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ANODE CURRENT PLOTTED AGAINST SCREEN-GRID VOLTAGE WITH 
CONTROL-GRID VOLTAGE AS PARAMETER. Va = 250V. 

MARCH 1954 (1) Page C6 

■ ~■■■■\~, nil 

I■ 1■111.. 

■■1►111111' 
~■■~■■~■N■~1 



SPECIAL QUALITY VARIABLE-MU 
R.F. PENTODE M8161 
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SPECIAL 6lUALITY VARIABLE-MU 
R.F. PENTODE M8161 
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M8161 SPECIAL 62UALITY VARIABLE-MU 
R.F. PENTODE 
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SPECIAL 6ZUQLITY PENTODE 
Special quality dual control pentode for use in equipment 
where mechanical vibration and shocks are unavoidable 
and where statistically controlled major electrical 
characteristics are required. 

M8196 

This data should be read in conjunction with the GENERAL NOTES—
SPECIAL QUALITY VALVES which precede this section of the handbook, 
and the index numbers are used to indicate where reference should be 
made to a specific note. 

HEATER 

V>>1 6.3 V 
Ih 175 mA 

MOUNTING POSITION Any 

CAPACITANCESz (measured with an external shiei:;: ' 

ca—gi <20 mpF 
cin 
coin 

CHARACTERISTICS3
Va
Vga 
Vga 
la 
Igz 
Vgt 
Sm(si—a> 

pF 
pF 

V 
V 
V 

mA 
mA 

V 
mA~V 

$m(g3—a) 660 450 µASV 
ra — 150 kS2 
Vgl(la = 100µA) — <-7.5 V 
Vg3(la = 20µA) —10 <-15 V 
Rk 0 0 S2 

4.2 
3.2 

120 120 
120 120 
-3.0 0 
3.5 5.1 
4.8 3.5 

—2.0 —2.0 
2.0 3.2 

ABSOLUTE MAXIMUM RATINGS. 

Va(u) max. 400 V 
Va max. 200 V 
Vg3 max. 30 V 

-Vg3 max. 55 V 
Vg2(b) max. 310 V 
Vg2 max. 155 V 
pa max. 1.65 W 
pgz max. 550 mW 
Rgl _ k max. 4.0 MSZf-
Ik max. 20 mA 
Vh_k max. 100 V 

Maximum acceleration (continuous operation) 2.5 g 
Maximum shock (short duration) 450 g 

Tbnib max. 165 °C 
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M8196 SPECIAL AUALITY PENTODE 
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SPECIAL 61UALITY PENTODE 
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M8196 SPECIAL AUALITY PENTODE 
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SPECIAL 61UALITY PE~ITODE M8196 
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M8196 SPECIAL 62UALITY PENTODE 
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The bulb and base dimensions of this valve are in accordance with BS448, 

Section 67G. ~ 
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M8196 SPECIAL 6ZUALITY 
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SPECIAL 6ZUALITY PENTODE 

~a 5998 -- M8196  
(Mn)   I I I I 

  Va - V92= 120V 
  V93 s OV 
  Rk = OQ 

M8196 
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M8196 5PECIAL 62UALITY PENTODE 

6170 M8196 
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ANODE CURRENT PLOTTED AGAINST SUPPRESSOR-GRID VOLTAGE 
WITH CONTROL-GRID VOLTAGE AS PARAMETER 
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SPECIAL 61UALITY PENTODE 

6189 M 8196 

M8196 
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M8196 SPECIAL 61UALITY PENTODE 
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SPECIAL 6lUALITY 
TETRODE THYRATRON 
100mA special quality tetrode xenon thyratron with 
negative control characteristic for use in equipment where mechanical vibration 
and shocks are unavoidable and where statistically controlled major electrical 
characteristics are required. 

M8204 

PRELIMINARY DATA 

This data should be read in conjunction with the GENERAL NOTES —

SPECIAL QUALITY VALVES preceding this section of the handbook, 

and the index numbers are used to indicate where reference should be 

made to a specific note. 

LIMITING VALUES" (absolute ratings, not design centre) 

It is important that these limits are never exceeded and such variations 
as mains fluctuations, component tolerances and switching surges must 
betaken into consideration in arriving at actual valve operating conditions. 

Relay service and Pulse 
grid-controlled modulator 

rectifier service 

*Max. anode supply voltage 

Max. peak anode voltage 
Inverse 
Forward 

Max. cathode current 
Peak 

Average (max. averaging 
time 30s) 

Surge (fault protection 
max. duration 0.1s) 

Max. negative control-grid voltage 
Before conduction 
During conduction 

Max. average positive control-grid cur-
rent for anode voltage more positive 
than —10V (averaging time 30s) 

Max. peak positive control-grid current 
during the time that the anode voltage 
is more positive than —10V 

Max. peak positive control-grid current 
during the time that the anode voltage 
is more negative than —10V 

Max. control-grid resistor 
Recommended min. control-grid 

resistor 

Max. negative shield-grid voltage 
Before conduction 
During conduction 

ISSUE 1 

— 

1300 
650 

500 

100 
500 

V 

V 
V 

0.5 10 A 

100 10 mA 

10 10 A 

100 100 V 
10 10 V 

10 mA 

50 20 mA 

30 — ~r.A 

10 0.5 MS2 

100 — kS! 

100 50 V 
10 10 V 

M8204 1157-1 



M8204 SPECIAL 61UALITY 
TETRODE THYRATRON 

100mA special quality tetrode xenon thyratron with 
negative control characteristic for use in equipment where mechanical vibration 
and shocks are unavoidable and where statistically controlled major electrical 

characteristics are required. 

Max. average positive shield-grid current 
for anode voltage more positive than 
—10V (averaging time 30s) 10 — mA 

Max. shield-grid resistor — 2S kS2 

Max. peak heater to cathode voltage 

Cathode negative 25 0 V 
Cathode positive 100 0 V 

Heater voltage 6.3V_10°o 6.3VT10oo 
—5 

Min. valve heating time 20 20 s 

Ambient temperature limits —75 to -' 90 —75 fo r 90 °C 

Max. pulse duration — 5.0 l~.s 

*Max. pulse repetition frequency 500 c,'s 

Max. duty cycle — 0.001 

Max. rate of rise of current pulse — 100 A;is 

*After completion of a pulse a 20as delay is required before a positive 
voltage of more than 10V is applied to the anode. 
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The bulb and base dimensions of this valve are in accordance with BS 448, Section 
67G 
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SPECIAL 6211ALITY 
TETRODE THYRATRON 
100mA special quality tetrode xenon thyratron with 
negative control characteristic for use in equipment where mechanical vibration 
and shocks are unavoidable and where statistically controlled major electrical 
characteristics are required. 
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M8204 SPECIAL HUALITY 
TETRODE THYRATRON 

100mA special quality tetrode xenon thyrairon with 
negative control characteristic for use in equipment where mechanical vibration 
and shocks are unavoidable and where statistically controlled major electrical 

characteristics are required. 
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SPECIAL 6ZUALITY 
TETRODE THYRATRON 
100mA special quality tetrode xenon thyratron with 
negative control characteristic for use in equipment where mechanical vibration 
and shocks are unavoidable and where statistically controlled major electrical 
characteristics are required. 
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M8204 SPECIAL 61UALITY 
TETRODE THYRATRON 

100mA special quality tetrode xenon thyratron with 
negative control characteristic for use in equipment where mechanical vibration 
and shocks are unavoidable and where statistically controlled major electrical 

characteristics are required. 
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SPECIAL 6lUALITY 
TETRODE THYRATRON 
100mA special quality tetrode xenon thyratron with 
negative control characteristic for use in equipment where mechanical vibration 
and shocks ore unavoidable and where statistically controlled major electrical 
characteristics are required. 
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M8204 SPECIAL 6ZUALITY 
TETRODE THYRATRON 

100mA special quality tetrode xenon thyratron with 
negative control characteristic for use in equipment where mechanical vibration 
and shocks are unavoidable and where statistically controlled major electrical 

characteristics are required. 

4376 

Range for 
Rql = IOMfl 

M8204 
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~R gl =100kf2 
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OPERATING RANGE OF CRITICAL GRID VOLTAGE 
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SPECIAL QUALITY 
TETRODE THYRATRC~N 
100mA special quality tetrode xenon thyratron with 
negative control characteristic for use in equipment where mechanical vibration 
and shocks are unavoidable and where statistically controlled major electrical 
characteristics are required. 

M8204 

4091 M8204 

V92= OV 

Conduction starts at x' 

Va=25V

-200V 

- 400V 

- 600V 
~~ 

x i
V 

I91

~ yA) 

0.04 

x 

0.02 

0 

0.02 

O 04 

-C•O6 
Vgi(V) -12 -B -4 0 

CONTROL-GRID CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE 
BEFORE CONDUCTION 

  LMullard  
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M8204 5PECIAL QUALITY 
TETRODE THYRATRON 

100mA special quality tetrode xenon thyratron with 
negative control characteristic for use in equipment where mechanical vibration 
and shocks are unavoidable and where statistically controlled major electrical 

characteristics are required. 

4092 M8204 

V92 - O V 

I a =25mA 

50mA 

— IOOmA 

- 150mA 

- 200mA 
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300mA 

I 91 
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V91(V) -6 -4 -2 O 

CONTROL-GRID CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE 
DURING CONDUCTION 
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~~. 

SPECIAL 6ZUALITY DOUBLE DIODE 
Special quality double diode with separate cathodes and M 82 i 2 
internal screening between sections for use in equipment 
where mechanical vibrations and shocks are unavoidable and where statistically 
controlled major electrical characteristics are required. 

This data should be read in conjunction with GENERAL NOTES—
SPECIALQUALITY VALVES which precede this section of the handbook, 
and the index numbers are used to indicate where reference should be 
made to specific note. 

HEATER 

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

v h l 

Ih

CAPACITANCES" (measured with an external shield) 

~a'—k'+h+s+S 

~a"—k'+h+s+S 

~k'—a'+h+s+S 

~k"—a"+h+s+S 

~a'—a" 

LIMITING VALUES" (absolute ratings) each section 

6.3 V 

300 mA 

3.2 pF 

3.2 p F 

3.9 pF 

3.9 pF 

<26 mpF 

P.I.V. max. 360 V 

la max. 10 mA 

ia(nkl max. 60 mA 

ialsurge) max. 350 mA 

Vh_k max. 360 V 

Maximum acceleration (continuous operation) 2.5 g 

Maximum shock (short duration) 500 g 

Th~,~i, max. 165 °C 

JUNE 1960 (7) Pase D1 



M821~ SPECIAL AUALITY DOUBLE DIODE 
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SPECIAL 6ZUALITY DOUBLE DIODE ~"~V~ I 
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M82 i ~ SPECIAL HUALITY DOUBLE DIODE 
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SPECIAL 61lJALITY DOl.~~LE DIODE i"~V~' 
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M821~ SPECIAL 61UALITY DOUBLE DIODE 

'.~~77 
q s d~ 
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19 mm 
max 
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The bulb and base dimensions of this valve are in accordance with BS448, 
Section B7G 
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SPECIAL 62UALITY DOUBLE DIODE ~~~ 

80 

60 

40 

20 
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M8212 4756 

Each section 

0 4 8 i2 Va(V) 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE 

MAY 1966 
[Mullard 
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SPECIAL 6ZUALITY R.F. PENTODE 

Special quality r.f. pentode for use in equipment where high 
ambient temperatures, mechanical vibration and shocks are 
unavoidable and where statistically controlled major electrical 
characteristics are required. 

5840 

This data should be read in conjunction with GENERAL NOTES—
SPECIAL QUALITY VALVES which precede this section of the handbook, 
and the index numbers are used to indicate where reference should 

be made to a specific note. 

HEATER 
Vi,i 
I I, 

6.3 V 
150 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) 

~a-gl 
c,,, 
bout 

CHARACTERISTICSs 

V;, 
Vgz 
Vgl 
Irl 

Ig2 
g rn 
r~ 
R~;
Vgl (I~ <50i~A) 

LIMITING VALUES (absolute ratings) 

Vh max. 
Vh min. 

<15 mpF 
4.2 pF 
3.4 p F 

100 V 
100 V 

—1.5 V 
7.5 mA 
2.4 mA 
5.0 mA~V 

175 kS2 
0 S2 

—9.0 V 

6.6 V 
6.0 V 

ValUi max. 330 V 
Va max. 165 V 
pa max. 800 mW 
Vgz,n, max. 310 V 
Vgz max. 155 V 
pgz max. 350 mW 

-FVgl max. 0 VE--
-Vgl max. 55 V 

I k max. 16.5 mA 
Roi_I; max. 1.1 MS2 
V~,_I; max. 200 V 
Maximum acceleration (continuous operation) 2.5 g 
Maximum shock (short duration) 500 g 
Tbmn max. 220 °C 

APRIL 1961 (1) Page D1 



5840 SPECIAL @UALITY R.F. PENTODE 
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The bulb and base dimensions of this valve are in accordance with BS448, 
Section B8D/F. 
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SPECIAL 61UALITY DOUBLE TRIODE 
Special quality subminiature medium-u double triode for use in 
equipment where high ambient temperatures, mechanical 
vibration and shocks are unavoidable and where statistically 
controlled major electrical characteristics are required. 

6021 

This data should be read in conjunction with GENERAL NOTES —
SPECIAL QUALITY VALVES which precede this section of the 
handbook, and the index numbers are used to indicate where reference 

should be made to a specific note. 

HEATER 
Vht 
I~ 

6.3 V 
300 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 without an external shield) 

Cap —a• 

* Ca—B 
Cgs—g-

* C:n 

Cout' 
Coot' 

*Each section 

<520 mpF 
1.6 pF 

<15 mpF 
2.4 pF 

300 mpF 
350 mpF 

CHARACTERISTIC53 (each section) 

Va 100 V 
Vg —1.0 V 
la 6.5 mA 
$m 5.4 mA~V 

~ r a 6.5 kS2 
µ 35 
Rk 0 S2 

LIMITING VALUES' (absolute ratings) each section 

Vti max. 
Vti min. 
V~in~ max. 
Vy max. 
pII max. 
h max. 

-~V,. max. 
—VK max. 

Is max. 
R g _k max. 
V h _k max. 
Maximum acceleration (continuous operation) 
Maximum shock (short duration) 
Town max. 

MARCH 1961 (1) 

6.6 V 
6.0 V 

330 V 
165 V 
700 mW 

22 mA 
0 VF-
55 V 
5.5 mA 
1.1 MS2 

200 V 
2.5 g 

500 g 
220 °C 
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SPECIAL QUALITY DOUBLE TRIODE 6021 
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6021 SPECIAL HUALITY DOUBLE TRIODE 
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The bulb and base dimensions of this valve are in accordance with BS448, 
Section B8D/F 
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TELEVISION 

PICTURE TUBES 

PICTURE TUBE 

NOMENCLATURE 

TYPE NUMBER SYSTEM 

Mullard cathode ray tubes are registered by Pro-Electron. The type number 
consists of a single letter followed by two sets of figures and ending with a 
letter. 

The first letter indicates the prime application of the tube:—
A—Television picture tube for domestic application. 

l'he first group of figures indicates the diameter or diagonal of the screen 
in cm. 

The second group of figures is a two- or three-figure serial ,.,;tuber 
indicating a particular design or development. 

The concluding letter indicates the properties of the phosphor screen:—
W—White screen for television picture tubes 
X—Three colour screen for television picture tubes. 

Example 
A56-120X 
I I I 

T.V. Picture Tube Screen Three-colour Diagonal Serial Number 

for domestic application (56cm) screen 

APRIL 1969 Page 1 





CATHODE RAY 

TUBES 

TUBE TYPE 

NOMENCLATURE 

Mullard cathode ray tubes are normally registered with Pro-Electron. The type 
number consists of a single letter followed by two sets of figures ending with 
one or two letters. 

The first letter indicates the primary application of the tube: 
A — television display tube for domestic applications. 
D — oscilloscope tube—single trace. 
E — oscilloscope tube—multiple trace. 
F — radar display tube—direct viewing. 
L — display storage tube. 
M — professional television or display tube (except radar) 

—direct viewing. 
P — professional display tube—projection. 
Q — flying spot scanner. 

The first group of figures indicates the diameter or diagonal of the lumines-
cent screen in cm: 

Thus 7 represents a 7cm (3in) screen. 
13 represents a 13cm (sin) screen. 
47 represents a 47cm (19in) screen. 
59 represents a 59cm (23in) screen. 

The second group of figures is a two- or three-figure serial number 
indicating a particular design or development. 

The second group of letters indicates the properties of the phosphor screen. 

The first letter denotes the colour of the fluorescence (or phosphores-
cence in the case of long or very long afterglow screens) according to 
the regions of the Kelly Chart of Colour Designations for Lights, where 
applicable: 

A — Reddish-purple, purple, bluish-purple. 
B — Purplish-blue, blue, greenish-blue. 
D — Blue-green. 
G — Bluish-green, green, yellowish-green. 
K — Yellow-green. 
L — Orange, orange-pink. 
R — Reddish-orange, red, pink, purplish-pink, purplish-red, 

red-purple. 
W — White. 
X — Tri-colour screen. 
Y — Greenish-yellow, yellow, yellowish-orange. 

The second letter is a serial letter to denote particular phosphors. For 
the 'standard' television picture tube phosphors, the letters `W' and 
'X' are used without a second letter. The current Mullard phosphors are 
listed overleaf. 

An internal graticule is indicated by atwo-figure suffix separated from the 
final letter by an oblique stroke, for example, D13-45GH/01. 

Examples 
A47-26W Domestic television picture tube with 47cm (19in) screen. 
D7-19GH Single trace oscilloscope tube having 7cm screen with 

phosphor 'GH'. 
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TUBE TYPE CATHODE RAY 

NOMENCLATURE TUBES 

OLD SYSTEM 

Some earlier cathode ray tubes have type numbers consisting of two letters 
followed by two sets of figures. 
The first letter indicates the method of deflection and focusing: 

A — Electrostatic focusing, magnetic deflection 
D — Electrostatic focusing and deflection. 
M — Magnetic focusing and deflection. 

The second letter indicates a particular phosphor. Letters in use are listed 
below. 

The first group of figures immediately following the letters, indicates the 
diameter or diagonal of the luminescent screen in cm. 

The second group of figures is a serial number indicating a particular 
design or development. 

Examp/es 
A W 53-88 Cathode ray tube of 53cm screen diagonal having a 'W' 

phosphor and employing magnetic deflection and electro-
static focusing. 

DH3-91 Cathode ray tube of 3cm screen diameter having an `H' 
phosphor and employing electrostatic deflection and 
focusing. 

DESIGNATION OF MULLARD PHOSPHORS 
Pro-

E/ectron 0/d fluorescent Phosphorescent 
designation system co/our co/our 

BA C 
BC V 
BD A 
BE B 
BF U 
GB M 
GE K 
GH H 
GJ G 
GK G* 
GL N 
GM P 
GN J 

GP 
KA 
LA 
LB 
LC 
LD 
W 
X 
YA ~

X
~
r
~
m
o
l
l
 

Purplish-blue 
Purplish-blue 
Blue 
Blue 
Blue 
Purplish-blue 
Green 
Green 
Yellowish-green 
Yellowish-green 
Yellowish-green 
Purplish-blue 
Blue 

Bluish-green 
Yellow-green 
Orange 
Orange 
Orange 
Orange 
White 
Tri-colour screen 
Yellowish-orange 

*Used in projection tubes. 

SEPTEMBER 1967 

Blue 

Yellowish-green 
Green 
Green 
Yellowish-green 
Yellowish-green 
Yellowish-green 
Yellowish-green 
Green 
(Infra-red excited) 
Green 
Yellow-green 
Orange 
Orange 
Orange 
Orange 

Yellowish-orange 

~~ 
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V 

Equivalent 
Persistence JEDEC 

designa-
tion 

Very short —
Killed 
Very short —
Medium short P11 
Medium short —
Long P32 
Short P24 
Medium short P31 
Medium P1 
Medium —
Medium short P2 
Long P7 
Medium short —
(fluorescence) 
Medium short P2 
Medium P20 
Medium —
Long 
Very Long —
Very Long P33 
— P4 
— P22 

Medium — 
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The following recommendations should be interpreted in conjunction 
with British Standard Code of Practice No. CP1005: (1962), 'The 
Use of Electronic Valves; upon which these notes have, in part, 

been based. 

RATING SYSTEMS (in accordance with I.E.C. Publication 134) 
Note: Limiting conditions may be either maxima or minima. 

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

conditions. 

These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking no responsibility for equipment variations, 
environmental variations, and the effects of changes in operating conditions 
due to variations in the characteristics of the device under consideration and 
of all other electronic devices in the equipment. 
The equipment manufacturer should design so that, initially and throughout 
life, no absolute-maximum value for the intended service is exceeded with 
any device under the worst probable operating conditions with respect to 
supply voltage variation, equipment component variation, equipment control 
adjustment, load variation, signal variation, environmental conditions and 
variations in characteristics of the device under consideration and of all other 
electronic devices in the equipment. 

Design-maximum rating system 
Design-maximum ratings are limiting values of operating and environmental 
conditions applicable to a bogey electronic device of a specified type as 
defined by its published data, and should not be exceeded under the worst 
probable conditions. 
These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking responsibility for the effects of changes in 
operating conditions due to variations in the characteristics of the electronic 
device under consideration. 
The equipment manufacturer should design so that, initially and throughout 
life, no design-maximum value for the intended service is exceeded with a 
bogey device under the worst probable operating conditions with respect to 
supply-voltage variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, equipment control 
adjustment, load variation, signal variation and environmental conditions. 

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

of all electronic devices. 
The equipment manufacturer should design so that, initially, no design-centre 
value for the intended service is exceeded with a bogey electronic device in 
equipment operating at the stated normal supply-voltage. 

HEATER 

Parallel Operation 
The heater voltage must be within ~ 7% of the rated value when the supply 
voltage is at its nominal rated value, and when a tube having the published 
heater characteristics is employed. 
This figure is permissible only if the voltage variation is dependent upon more 
than one factor. In these circumstances the total tolerance may be taken as 
the square root of the sum of the squares of the individual deviations arising 
from the effects of the tolerances of the separate factors, providing no one of 
these deviations exceeds~5%. Should the voltage variation depend on one 
factor only, the voltage variation must not exceed _ 5%. 

Series Operation 
The heater current must be within _5% of the rated value when the supply 
voltage is at its nominal rated value, and when a tube having the published 
heater characteristics is employed. 
This figure is permissible only if the current variation is dependent upon more 
than one factor. In these circumstances, the total tolerance may be taken as the 
square root of the sum of the squares of the individual deviations arising from 
the effects of the tolerances of the separate factors, providing no one of these 
deviations exceeds • 3~5%. Should the total current variation depend upon 
one factor only, the current variation must not exceed =3.5%. 
When calculating the tolerances of associated components, the ratio of the 
change of heater voltage to the change of heater current in a typical series 
chain including a cathode ray tube is taken as 1 8, both deviations being 
expressed as percentages. 
With certain combinations of valves and tube, differences in the thermal 
inertia may result in particular heaters being run at exceedingly high tempera-
ture during the warming-up period. During this period, unless otherwise stated 
in the published data, it is permissible for the heater voltage of the tube to rise 
to a maximum value of 50% in excess of the nominal rated value when using 
a tube with the published heater characteristics. Asurge limiting device may 
be necessary in order to meet this requirement. When measuring the surge 
value of heater voltage, it is important to employ a peak reading device, such 
as an oscilloscope. 

Mains Variations 
In addition to the tolerances quoted above, fluctuations in the mains supply 
voltage not exceeding __10% are permissible. These conditions are, however, 
the worst which are acceptable and it is better practice to maintain the heater 
as close as possible to its published nominal, particularly in television equip-
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ment where changes in valve characteristics can have an appreciable effect 
upon the picture. Furthermore, in all types of equipment closer adjustment of 
heater voltage or current will react favourably upon valve and tube life and 
performance. 

Stand-by Operation 
It is permissible to operate picture tubes in the 'stand-by' condition (for 
'instant on' applications). In order to ensure satisfactory life the heater voltage 
should be decreased to 75% of its nominal value. 

CATHODE 

The potential difference between cathode and heater should be as low as 
possible and in any case must not exceed the limiting value given on the 
data sheets for individual tubes. Operation with the heater positive with 
respect to cathode is not recommended. In order to avoid excessive hum the 
a.c. component of the heater-to-cathode voltage should be as low as possible 
and should be less than 20V,.,,,.5.. When the heater is in a series chain or 
earthed, the 50Hz impedance between heater and cathode should not exceed 
100kS2. If the heater is supplied from a separate transformer winding the 
resistance between heater and cathode should not exceed 1 MS2. 

INTERMEDIATE ELECTRODES (between cathode and final anode) 

In no circumstances should the tube be operated without a d.c. connection 
between each electrode and the cathode. The total effective impedance 
between any electrode and the cathode should be as low as possible and 
must never be allowed to exceed the published maximum value. 
However, no electrode should be connected directly to a high energy source 
such as the h.t. line. When such a connection is required, it should be made 
via a series resistor of not less than 1 kS2. 

Grid 
The value of grid bias must not be allowed to become positive with respect 
to the cathode, except during the period immediately after switching the 
receiver on or off when it may be allowed to rise to +1V. The maximum 
positive grid excursion of the video signal under normal operating conditions 
is permitted to reach 5V (peak). In order to ensure that this limit is not exceeded 
it is suggested that an unbypassed resistor of 10kS2 is inserted in series with 
the lead to the control grid. 

Grid cut-off voltages 
Curves showing the limits of grid cut-off voltage for specific values of first 
anodevoltage are included in the datafor individual tubes. The brightness control 
should be arranged so that it can handle any tube within the limits shown, 
at the appropriate first anode voltage (which is measured with respect to 
cathode). 
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LUMINESCENT SCREEN 
To prevent permanent damage to the screen material care should be taken 

(aJ not to operate the tube with a stationary picture at high beam currents for 
extended periods 

(bJ not to operate the tube with a stationary or slovyly moving spot except at 
extremely low beam currents 

(cJ that immediately after switching off the equipment the screen be 
discharged. This can be effected by choosing the time constants of the 
grid and the first anode circuits such that a beam current is maintained 
during a period sufficiently long to discharge the screen. 

EXTERNAL CONDUCTIVE COATING 
Picture tubes are provided with an external conductive layer which, in con-
junction with the internal conductive layer, forms a high voltage capacitor of 
specified value. This capacitor is intended to provide smoothing for the e.h.t. 
supply. 
In making contact with the external coating it is necessary to take into account 
large currents which flow during a discharge inside the picture tube. In order 
not to exceed the current carrying capacity of the coating, the contact should 
be made over a large area. As a minimum requirement,. a copper braid should 
be stretched diagonally across the cone and a connection taken from its centre 
to the receiver. 
A further improvement would be to provide two diagonal braids, connected at 
their point of crossing. Since the coating is not a perfect conductor, a well 
executed connection helps to reduce r.f. radiation. 
During a flashover, large voltages are expected tc~ be produced across the 
coating. In order to minimise circulating currents i[t the chassis, there should 
be~only one point connection between the coating; and chassis. The coating 
itself should be well insulated from the rest of the receiver. See section headed 
'Flashover'. 

FINAL ANODE 

Every care should be taken to prevent discharges from the e.h.t. line. During 
such occurrences, currents of high amplitude are injected into the chassis and 
these can significantly alter the operating conditions of the devices employed. 
With semiconductor devices there is a risk of permanent damage. In addition a 
repeated discharge of this nature may damage the contact between the internal 
conductive coating of the tube and the final anode connector, thus impairing 
performance. 
In applications where it is not possible to ensure complete freedom from 
discharges, a series resistor of not less than 10 kit should be fitted to the final 
anode connector. The resistor and its mounting should be able to withstand 
full e.h.t. voltage. 
Similarly, when it is required to discharge the picture tube capacity, connection 
should be made via a resistor of not less than 10ki2, capable of handling 
high voltages. 
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MOUNTING BAND 
An appreciable capacity is formed between the metal mounting bsnd and the 
internal conductive layer of the tube; its value is quoted in the individual data 
sheets. In order to avoid a possibility of electric shock, a d.c. connection 
should be provided between the metal band and the rest of the receiver. 
In receivers where the chassis can be connected directly to the mains there 
is a risk of electric shock if access is gained to the metal band through the 
mask at the front of the receiver. In order to reduce the magnitude of the shock 
to the safe limit, it is suggested that a 2MSi! resistor, capable of handling peak 
voltages of full e.h.t. value, be inserted between the metal band and the point 
of contact to the external coating. This safety arrangement will provide the 
necessary isolation from the mains but in the event of flashover, high voltages 
of low energy will be induced on the metal band. Any electric shock is 
within safe limits if the above precautions have been adopted but it is normally 
desirable to avoid access to the band. 

FLASHOVER 
Picture tubes, in common with other high voltage vacuum devices, are prone 
to internal flashover. During a breakdown, an arc is established between an 
electrode connected to the e.h.t. capacitor and an electrode terminated in a 
pin on the foot of the tube. Pesulting transient currents and voltages produced 
in external circuits may be of sufficient magnitude to cause damage to various 
components on the chassis. The discharge is terminated when the e.h.t. 
capacitor is unloaded and during the subsequent recharging period an 
additional load is imposed on the e.h.t. generator. It is of vital importance to 
provide protective measures, particularly when semiconductor devices are 
employed. 
A sufficient degree of protection against transients can be obtained by 
connecting suitable spark-gaps between each pin and a common point. 
From this common point a direct connection should be made to the external 
coating of the tube. In place of the normal connection between the coating 
and the chassis a connection should be made between the chassis and the 
common point. In addition, resistors should be fitted in series with each supply 
lead to the pins of the tube. These resistors should be able to handle high 
voltages; their value is a function of the degree of protection needed. As a 
guide, the following values are suggested: cathode-1 •5kS2, grid-8.2kS2, 
first anode-22kS2, focus electrode (monochrome)-22kS?, focus electrode 
(colour)-100kS2. The resistors and the spark-gaps should be mounted close 
to the tube socket. 
In the case of transistor circuits, protection against overload of the e.h.t. 
generator may consist of a resistor placed in series with the supply line to the 
output transformer. Its value should be adjusted to limit the increase in the 
peak collector voltage to, say, 20%. Similar results can be obtained with 
desaturated line output transformers, provided that a small coupling capacitor 
is used. 

HANDLING 
A large amount of potential energy is stored in the picture tube by virtue of 
its vacuum. Modern tubes are provided with integral implosion protection 
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which conforms with internationally agreed standards. With these tubes no 
additional protection is needed. 
When a tube is not in its equipment or original packing it should be placed 
screen downwards on a soft pad of suitable material free from abrasive 
substances. 
All tubes should be handled by the bulb end. Stresses on the neck should be 
avoided. 
Attention is called to the fact that a high voltage charge may be carried by 
the internal conductive coating which is connected to the final anode 
connector and also by the external coating if not earthed, even after a tube 
has been removed from equipment. Anyone handling such a tube may receive 
a shock which, while generally not dangerous to the person, might cause an 
involuntary reaction resulting in damage to the tube, which might, for example, 
be dropped. 
For discharging the capacitor see the section 'Final Anode'. 

MOUNTING 
Unless otherwise specified there is no restriction on the mounting position. 
Picture tubes with integral implosion protection are provided with mounting 
lugs. Published data give tolerances of the positioning of the lugs with respect 
to each other and with respect to the place they expect to occupy. This 
information should be taken into account in the design of suitable supports. 
The deflection coils and other ancillary components should be mounted 
directly on the neck of the tube, care being taken to avoid scratches. No 
support is required for the neck which should be allowed to assume its own 
position. 
Similarly, the tube socket should not be rigidly mounted but should have 
flexible leads and be allowed to move freely. 

STRAY MAGNETIC FIELDS 
Picture tubes are sensitive to any magnetic fields in their vicinity (including 
the earth's magnetic field). In a television receiver, stray magnetic fields may 
be generated by such components as the loudspeaker, mains transformers, 
chokes, field output transformer etc. Under influence of these fields there may 
be distortion in the raster geometry and in some cases they may be responsible 
for the astigmatic appearance of the focused spot. With colour tubes there 
can be additional difficulties with purity and convergence. Thus, every effort 
should be made to reduce stray magnetic fields to an acceptable level. 

DIMENSIONS 
Allowance should be made in the design of the equipment for the dimensional 
tolerances of the tube envelope and reliance should not be placed upon 
dimensions taken from individual tubes. 

REFERENCE LINE 
The reference line indicated on the tube outline drawing is determined by 
means of a suitable gauge. Drawings of several gauges follow these general 
operational recommendations. 
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X-RADIATION 
Unless otherwise stated, picture tubes for television applications are designed 
not to exceed the permissible limit dose rate of 0~5mr/h as measured in the 
manner specified by the I.E.C. This is provided that they are operated within 
their published data limits and in applications for which they are primarily 
intended. 
X-radiation from a picture tube increases very rapidly with applied voltage. 
This should be taken as a warning for any experiments involving potentials in 
excess of values quoted in the published data. 

CORNER CUTTING OR NECK SHADOWING 
Corner cutting is caused by a direct interception of the deflected electron 
beam before it reaches the screen and results in anon-scanned corner of the 
raster. It may be avoided by applying an appropriate deflection unit. 

RASTER CENTRING (see also Colour Tube Notes) 
To centre the raster on the screen it is recommended that either a magnetic 
field just behind (viewed from the screen) the deflection coils be used or a 
direct current be passed through the deflection coils. 
The centring device should provide a shift to allow for non-centrality of the 
spot with respect to the geometric centre of the screen. In addition, the 
centring device should provide the shift needed to allow for non-centrality 
of the visible raster (i.e. to compensate for line blanking and also time base 
non-linearity, if any) and the earth's magnetic field. 
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COLOUR TUBE NOTES 

INTRODUCTION 

Mullard 90° shadow-mask colour television tubes are capable of displaying 
pictures in full colour or in black and white. They have reinforced envelopes 
and therefore do not need any additional implosion protection. Integral 
mounting lugs are provided on the tubes. 

OPERATING PRINCIPLES 
The tube has three electron guns, spaced 120 apart, with their axes tilted 
towards the screen. Because of the different angles at which the electron 
beams from the three guns reach the shadow-mask, the beam from one gun 
lands only on phosphor dots of one primary colour. Thus three colour signals 
applied to the three guns produce three superimposed colour pictures in the 
primary colours. These colour pictures are integrated by the eye, and are seen 
as one picture either in full colour or in black and white. 
The beams from the three guns are made to converge at the screen by means 
of external magnetic convergence components. The radial convergence 
assembly provides radial adjustment of the three beams, whilst the lateral 
convergence assembly provides lateral adjustment of the blue beam relative 
to the red and green beams. 
The three electron guns have tri-potential focus lenses, and focusing of the 
beams is carried out by adjusting the voltage on the common focus pin. 
Correct landing of the electron beams on phosphor dots of the intended colour 
is accomplished by means of a purity magnet external to the tube neck, 
together with correct positioning of the deflection coil assembly. 
It is essential that the tube is shielded from extraneous magnetic fields 
(including the earth's magnetic field) and that both the tube and the shielding 
are effectively degaussed. 

APPLICATION NOTES 

Magnetic shielding 
The colour tube should be provided with a magnetic shield on the cone of the 
tube. Essential dimensions of this shield are shown in the data. It should be 
constructed from cold-rolled mild steel of minimum thickness 0.5mm, annealed 
at 850`C. Since the tube reinforcing band is an essential part of the magnetic 
circuit used for degaussing, the air gap between the band and the shield 
should be as small as possible and should not exceed 10mm. Degaussing is 
described under 'Adjustment Procedures'. 

Raster centring 
Contrary to common practice with black and white television, where centring 
of the raster on the screen is accomplished by means of centring magnets 
which are mounted on the deflection coil, with ashadow-mask type of colour 
tube such magnets would impair colour purity and convergence. Raster 
centring is therefore attained by passing direct current of the required value 
through each pair of deflection coils. The values of raster displacement given 
in the data apply when all components are correctly adjusted. 
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Component considerations 
For optimum purity, the electrical centre of deflection of the deflection coil 
must coincide with that used for the positioning of the phosphor dots on the 
screen during manufectur~ of the tube. The coil must, therefore, be designed 
so that axial adjustment of itS position on the tube neck is provided. 
The radial convergence a~serhbly has to be positioned so that its pole pieces 
are opposite the int2~snal,pole pieces which form part of the gun structure. 
(See drawings in the deteJ. Small rotational adjustment of the radial conver-
gence assembly may be tjsed during adjustment of the blue lateral positioning 
to obtain optimum fater8l~cbnvergence. 

The purity magnets should be positioned over the gap between the focus 
electrodes and the firial modes of the electron gun structure. Placing them 
nearer than this to the cathodes of the gun may adversely affect tube perform-
ance (due to a deterioration of spot shape, and in some cases to beam shadow-
ing resulting in lower brightness and poor grey scale tracking). 
The blue lateral convergence assembly should be placed as near as possible 
to the rear side of the purity magnets, and should always be nearer to the 
screen than the centre. of the focus electrodes. 

Convergence 

Static convergence, i.e. convergence of the three beams at the centre of the 
screen, is usually accompiished with permanent magnets which are part of 
the radial convergence assembly, or with direct currents through the con-
vergence coils, in combination with the lateral magnet. 

The strength of the magnetic field that is coupled to the radial convergence 
pole pieces of the gun should be such that each beam can be moved radially 
over the distance given in the data at the centre of the screen. The static lateral 
convergence magnet should provide a magnetic field adjustable in magnitude 
arld polarity: This fiet~ causes a movement of the blue beams and simultan-
eously amovement in tie opposite direction of the green and red beams. 
The maximum lateral displacement of the blue beam opposite to the move-
ment of the red and gi•2en beams is given in the data. With these four adjustable 
magnetic fields, static convergence of the three beams can be attained. 
For convergence over the entire screen, dynamic radial convergence is 
required together with a Small amount of dynamic blue lateral convergence 
in line direction. 
The radial convergence assembly consists fundamentally of three cores with 
associated windings. Through the windings are passed the necessary con-
vergence currents for maintaining convergence when the beams are deflected 
over the screen. The required form of the currents can be obtained by adding 
a parabolic current waveform to one with a sawtooth waveform. Two separate 
windings per core are required for correction in horizontal and vertical direc-
tions. The parabolic and sawtooth currents should be adjustable in amplitude, 
and the sawtooth currents and the vertical blue parabola should also be 
adjustable in polarity. 

The lateral convergence assembly, with a core and associated windings, 
provides dynamic blue lateral convergence in the line direction. 

Mallard 
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Purity 
Opiimum purity is achieved by means of adjustments to both the purity 
magnet and the deflection coil. 

(a) Purity magnet 
This magnet is required to compensate for the effects of extraneous 
magnetic fields, including the earth"s magnetic field, and manufacturing 
variations within the shadow-mask picture tube, which could cause 
purity errors. The magnet should be designed to provide a field which is 
adjustable in both strength and direction. 

(bJ Deflection coil 
The deflection coil should be free to move a minimum of 13mm axially 
along the tube neck in order fb achieve optimum purity on all tubes. If 
purity is to beset by the "Red ball' method (see section 'Purity adjustment') 
this movement is required to be 20mm. 

Drive requirements 

In order to calculate the voltages which should be supplied by the drive 
output stages in a colour television receiver, the following points should be 
taken into consideration: 

(a) The equation for the luminance signal is given by Y = 0~30R-0~59G r 
011 B. The two chrominance signals, after subcarrier detection, give 
colour diff@rence signals of R—Y, G—Y and B—Y, which, when combined 
with the luminance signal in a matrixing circuit, give the red, green and 
blue signals. This matrixing may be performed either (i) by the tube 
itself (this is known as colour difference drive) or (ii) by means of a 
separate matrixing circuit (R, G, B drive). Method (i) can be achieved 
by driving the cathodes with the luminance signal and the control grids 
with the colour difference signals. However, there is a difference in 
slope between grid drive and cathode drive, and to compensate for this, 
higher drive voltages are required for grid drive. The relationships 
between drive voltage (V,,,) and beam current (I) for both cathode drive 
and grid drive are given by the following equations: 

(i) for grid drive 
3 

1=k ~ (where V,.,, is the cut-off voltage for grid drive), 
V~a~ 

(ii) for cathode drive 

k(1T D)'V,i," (where D is the penetration factor). 
I 3 3 

C1~_DV—~~~2V,p2 
VC„ 

These equations illustrate that there is a difference in slope between the 
two driving methods, and also that the relationships are slightly non-
linear. As in practice only a constant ratio between grid and cathode 
drive can be achieved a compromise has to be chosen, and the most 
favourable results are obtained when the grid signals are made 20% 
larger than the corresponding cathode signals for the nominal tube. 
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For method (ii) a separate matrixing circuit is required which delivers 
red, green and blue signals to the picture tube. These signals may be 
applied either to the cathodes or to the grids, but if to the latter, higher 
drive voltages are required. 

(b) There are 3 spreads in picture tube properties which influence the drive 
requirements. These are perveance, penetration and phosphor efficiences. 
Perveance has a nominal value of 3.0, with a spread of 2.6 to 3.1. 
Penetration has a nominal value of 0.29 with a spread of 018 to 0.40. 
The spread in phosphor efficiencies is shown by the ratios of cathode 
currents to produce white of colour co-ordinates x - 0.281, y -= 0.311 

~'~ - 0.9 nominal, 065 min, 1 25 max. I ,; 

I—'t -= 1 •0 nominal, 0.75 min, 1 •35 max. 
I ra 

By reference to the equation for the luminance signal given in (aJ, it is 
possible to calculate the maximum voltage ranges for the colour difference 
signals. These are reached when the primary colours and the comple-
mentaries are produced at maximum brightness. These values are 
tabulated below. All values are referred to the maximum value Y = R = 
G - B -= 1 for peak white and are considered as positive if they cause 
an increase in beam current. 

Colour R G B Y R-Y G-Y B-Y 

Red 1 0 0 0.3 0~7 -0 3 0.3 
Green 0 1 0 0.59 -0.59 0.41 -0.59 
Blue 0 0 1 0.11 -0.11 -0.11 0.89 
Cyan 0 1 1 0.7 -0.7 0.3 0~3 
Magenta 1 0 1 041 0.59 0.41 0.59 
Yellow 1 1 0 0 89 0 11 0 11 - 0.89 

Signal Minimum Maximum Total Range 

R-Y 0.7 0.7 1 •4 
G-Y 0.41 0.41 0.82 
B-Y 0.89 0.89 1 78 

Raster shape correction 
Unlike black and white television, where correction for rsster shape can be 
obtained by adding small permanent magnets to the deflection coil, with colour 
television such magnets would cause an unacceptable deterioration of purity 

/1 and convergence. Raster shape correction can therefore be obtained by 
dynamic correction of the scanning current waveforms. 
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ADJUSTMENT PROCEDURES 

Initial adjustments 
The following procedures are recommended to provide optimum colour 
purity and convergence of the three beams over the entire screen area, and 
to provide correct grey-scale tracking. 
Before any adjustments are carried out, the tube and its surroundings must 
be degaussed. This can be achieved either by an automatic degaussing circuit 
built into the receiver, or by manual degaussing. If it is to be done manually a 
suitable coil for 240 V~.,n.s. consists of 840 turns of 0.7mm dia. enamelled 
copper wire wound on a former of approximately 300mm diameter. The coil 
should be moved so that the entire screen and the magnetic shield are sub-
jected to its magnetic field, and after about 10 seconds it should be moved 
away from the tube to a distance of at least 2.5 metres before it is disconnected 
from the a.c. supply. All ferrous material in the vicinity of the tube must also 
be degaussed in a similar manner, with the receiver switched on. 
Before deflection power and high voltage are applied to the tube, the bias 
control should be set to cut-off. After deflection power and high voltage are 
applied, the bias should be gradually reduced to minimise the possibility of 
tube damage in the event of circuit faults. Whilst the tube is reaching a stable 
operating temperature (which takes about 15 minutes at 25kV and the 
recommended average current) initial adjustment of focus, height, width, 
linearity and raster centring can be made. 

Static convergence adjustment 
A crosshatch pattern is the most suitable signal for convergence adjustments, 
and for maximum accuracy it should be displayed at medium brightness. 
It is recommended that the red and green beams are converged first, with the 
blue gun biased off, followed by convergence of the blue beam on to the 
yellow pattern formed by the coincident red and green lines. The red and 
green lines are made to converge in the centre by means of the permanent 
magnets (or direct current through the coils) of the radial convergence 
assembly. The blue lines are then made to converge in a vertical direction on 
to the yellow lines formed by red and green, by means of the blue control on 
the radial convergence assembly. Any residual horizontal displacement of the 
blue lines is corrected by means of the blue lateral control situated further 
back on the tube neck. When these adjustments have been properly carried 
out, all three patterns will be converged in the centre of the screen, resulting 
in a white crosshatch. (See fig. 1). 

Purity adjustment 

Purity adjustments are best carried out on an unmodulated raster, and the 
sequence of operation is (i) adjustment of the purity magnet and (ii) axial 
adjustment of the position of the deflection coil. Adjustment of the purity 
magnet may be carried out by one of two methods: 

Method 1 

A microscope is used to observe the landing of the electron beam triads 
relative to the screen phosphor dot triads. The phosphor dots may be illum-
inated by means of an external light source, shining on the screen at an angle 
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of approximately 10° to 15°. Witl1 all three guns on, a microscope with a 
magnification of 40x to 50x is used to observe the relative positions of the 
electron beam triads and the phosphor dot triads at the centre of the screen. 
The purity magnet should be adjusted so that the geometric centres of the two 
triads coincide. (It should be noted that for optimum overall purity, the 
colour tube is manufactured with a centre landing such that the electron spots 
are slightly inset from the phosphor dots in each triad.) 

Method 2 (Red ball method) 
The green and blue guns are biased off and the deflection coil is pulled back 
towards the base until a red area of approximately 100mm diameter is visible 
on the screen, surrounded by discoloured and blue and green areas. This 
requires a movement of the deflection coil of approximately 20mm from its 
most forward position when it is in contact with the cone of the tube. The 
purity magnet is then adjusted so that the centre of the red area is positioned 
approximately 20mm in the 8 o'clock direction from the screen centre (i.e. in 
the direction of the red gun). 
After the purity magnet has been adjusted by either of the two methods given 
above, the red gun only is turned on, and the deflection coil is positioned so 
that a pure red raster is achieved all over the screen area. The green and blue 
rasters should now be checked, and very slight adjustments of the deflection 
coil position should be made, if necessary, to obtain pure red, green and blue 
rasters. If this cannot be achieved, the procedure should be repeated. 

Note: 
Purity adjustment by means of a microscope affords direct visual indication of 
the beam landings within phosphor dots. In addition, the results can be 
accurately checked when the deflection coils are adjusted for the best overall 
purity. Hence, any errors arising out of repositioning of deflection coils are 
eliminated. 
In contrast, the 'red ball' method is an indirect approach to the problem of 
purity adjustment. There is no way of offsetting the errors which may be 
produced when the coils are moved to the position giving overall purity. For 
the majority of tubes the total errors thus generated may be small but with 
some, however, they can reach significant proportions. 

Dynamic convergence adjustment 

As with static convergence, a crosshatch pattern at medium brightness is 
recommended. During the dynamic convergence adjustment, it may be found 
that static convergence needs re-adjusting to maintain correct convergence. 
The actual procedure for dynamic convergence depends upon the receiver 
circuitry, but it is recommended that vertical convergence be carried out first, 
using the centre vertical line of the pattern as the criterion (see fig. 2), followed 
by horizontal convergence, using the horizontal line as the criterion: By 
repeated adjustments of the controls, the lines in the three colours on these 
two axes ultimately become parallel to each other, and can be made to coincide 
by means of the static controls. After convergence on these two axes is 
obtained, the maximum misconvergence in the corners of the screen area 
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should not exceed 2.5mm. Slight re-adjustment may be tried to improve the 
overall convergence (see fig. 3). 
After dynamic convergence has been completed, purity should again be 
checked, and re-adjusted, if necessary, by means of the purity magnet. 

Grey scale tracking 

This adjustment takes place last of all, and again the detailed procedure for the 
adjustments depends upon the receiver circuitry. 
The general sequence of operations is as follows:—

(aJ With the cathode-to-grid voltages of all three guns set to the potential 
which corresponds to black level, adjust the a l  voltages of each gun so 
that each of the three rasters is just not visible. 

(6J Increase the brightness, and adjust the drive voltages to obtain white. 

(cJ Reduce the brightness so that the picture just remains visible. Re-adjust 
the cut-off voltages to obtain the same white as in (bJ. 

(d) Repeat (bJ and (cJ until passage through the whole black-to-white 
scale ceases to affect the colour. 

~l 
  Mullard  
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All dimensions in mm. 

REFERENCE LINE GAUGES 

y=0.0228x2 + 14_63 

X5697 

REFERENCE LINE GAUGE J.E. D.E.C. 126 FOR MONOCHROME CATHODE 
RAY TUBES HAVING 110' SCANNING ANGLES AND A NECK DIAMETER 

OF 28~6mm 
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171.5 ± O.3 dia 

44+ 5 
89 

t ~•3 - 

158.75±0.3 dia 

150.33 dia 

56.54 dia 

4" 2.06 dia 

"YCi~.~.O.: 
~'//r% % 

3790Idia 

47.47 
29.21 R 

13 7.16 

esosa 

,~ 25.65 
. 19.36 

13.2 ! 
I
( R¢f. I ine

67.89 

Reference line gauge 

All dimensions in mm. 

128.32 R 

+Th¢se dimensions 
define ext¢nt of 
29.21 R 

REFERENCE LINE GAUGE FOR COLOUR CA-I RODE RAY TUBES HAVING 
90` SCANNING ANGLES AND A NECK DIAMETER OF 36.5mm 
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See detail A 

~ 95 min 

85`-O.5

90' 

~ 53.85 nom 

TELEVISION 

PICTURE TUBES 

89642 

133o.os 
Reference
Iine 

250.05 

~/' ~~ 30.05 

~ R=1~o.z 
~ / 

Detail A 

1 

6 ±30 

R=15*to.os 

20.9'_0.0
o.00 

REFERENCE LINE GAUGE 

All dimensions in mm. 

i 
6 5'_0.1 

L

REFERENCE LINE GAUGE FOR MONOCHROME CATHODE RAY TUBES 
HAVING 90 SCANNING ANGLES AND A NECK DIAMETER OF 20mm 
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CATHODE RAY TUBE 
SCREEN TYPE X 
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RELATIVE SPECTRAL ENERGY DISTRIBUTION CURVE 
FOR TYPE X LUMINESCENT SCREEN 

Colour coordinates 

X y 

Red 
Green 

Blue 

0.630 
0.315 
0.150 
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0.340 
0.600 
0,060 
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TELEVISION TI~BE A28-14W 

TENTATIVE DATA 

QUICK REFERENCE DATA 

28cm (llin) rect:.ngular direct viewingtelevisiontubewith metal back-

ed screen and reinforced envelope. A separate safety screen is not 
required. Especially for use in portable receivers with push-through 

presentation. 

Deflection angle 90 deg 

Focusing Electrostatic 

Light transmission 55 % 

Maximum overall length 25 cm 

This data should be read in conjunction with 
GENERAL OPERATIONAL RECOMMENDATIONS -CATHODE RAY TUBES 

HEATER 

I

Vh

h 

11 V 

68 mA 

The heater supply circuit should provide a nominal voltage of 11V, either 

d.c. or a.c. 

For supply from a.c. mains, see General Operational Recommendations -

Cathode Ray Tubes. 
For supply direct from a battery, the heater voltage cycle must be within 
the limits of the graph on page C1. In any discharge cycle, the time of Vh
above 13V must not exceed 30 minutes. 

OPERATING CONDITIONS 

Va2+a4 
11 kV 

Va3 (focus electrode control range) 0 to 350 V 

Val  250 V 

V for visual extinction of focused raster -35 to -69 V 
g 

*Vk for visual extinction of focused raster approx. 45 V 

*For cathode modulation, ail voltages are measured with respect to grid. 
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SCREEN 

Metal backed 

Fluorescent colour White 

Light transmission (approx.) 55 % 

Useful screen area see page D7 

FOCUSING 

Electrostatic. 

The range of focus voltages shown in 'OPERATING CONDITIONS' results 
in optimum overall focus at a beam current of 100µA. 

DEFLECTION 

Double magnetic 

The deflection coils should be designed so that their internal contour is in 
accordance with the reference line gauge shown on page D10. 

CAPACITANCES 

og-a11 

ck-all 

ca2+a4-M 

ca2+a4-B 

EXTERNAL CONDUCTIVE COATING 

7.0 pF 

3.0 pF 

550 to 850 pF 

150 pF 

This tube has an external conductive coating, M, which must be connected 
to chassis, and the capacitance of this coating to the final anode is used to 
provide smoothing for the e. h. t. supply. The electrical connection to this 
coatingmustbe made within the area specified on the tube outline drawing. 

RASTER CENTRING 

See notes under this heading in 'General Operational Recommendations 
Cathode Ray Tubes'. 

Centring magnet field intensity 0 to 10 Gs 

Maximum distance of centre of 
centring field from reference line 55 mm 

Adjustment of the centring magnet should not be such that a general reduction 
in brightness of the raster occurs. 

REFERENCE LINE GAUGE see page D10 
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TELEVISION TUE3E A28-14W 

QUICK REFERENCE DATA 

28cm (llin) rectangular direct viewing television tube with metal back-

ed screen and reinforced envelope. A separate safety screen is not 

required. Especially for use in portable receivers with push-through 

presentation. 

Deflection angle 90 deg 

Focusing Electrostatic 

Light transmission 50 % 

Maximum overall length 250 mm 

This data should be read inconjunetion with GENERAL OPERATIONAL 
RECOMMENDATIONS -TELEVISION PICTURE TUBES 

HEATER 

Vh

Ih

11 V 

68 mA 

The heater supply circuit should provide a nominal voltage of 11V, either 
d.c. or a.c. 
For supply from a.c. mains, see General Operational Recommendations -
Television Picture Tubes. 

For supply direct from a battery, the heater voltage cycle must be within 
the limits of the graph on page 11. In any discharge cycle, the time of Vh
above 13V must not exceed 30 minutes. 

OPERATING CONDITIONS 

Va2+a4 
11 kV 

Va3 (focus electrode control range) 0 to 350 V 

Val 250 V 

V for visual extinction of focused raster -35 to -69 V 
g 

*Vk i'orvisual extinction of focused raster approx. 45 V 

*For cathode modulation, all voltages are measured with respect to grid. 
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SCREEN 

Metal backed 
Fluorescent colour White 
Light transmission (approx.) 50 

Useful screen area see page 7 

FOCUSING 

%E-

Electrostatic 

The range of focus voltages shown in 'OPERATING CONDITIONS' results 
in optimum overall focus at a beam current of 100µA. 

DEFLECTION 

Magnetic 
Diagonal deflection angle 90 deg 

Horizontal deflection angle 80 deg 
Vertical deflection angle 63 deg 

The deflection coils should be designed so that their internal contour is in 

accordance with the reference line gauge shown on page 10. 

CAPACITANCES 

cg
-all 

c
k-all 

cat+a4-M 

cat+a4-B 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating, M, which must be connected 

to chassis, and the capacitance of this coating to the final anode is used to 

provide smoothing for the e. h. t. supply. The electrical connection to this 

coating must be made within the area specified on the tube outline drawing. 

RASTER CENTRING 

7,0 

3.0 

550 to 850 

150 

pF 

pF 

pF 

pF 

See notes under this heading in 'General Operational Recommendations -
Television Picture Tubes'. 

Centring magnet field intensity 0 to 800 A/m 

Maximum distance of centre of 
centring field from reference line 55 mm 

Adjustment of the centring magnet should not be such that a general reduc-
tion in brightness of the raster occurs. 

REFERENCE LINE GAUGE see page 10 
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TELEVISION TIJIBE A28-14W 

MOUNTING POSITION Any 

The tube socket should not be rigidly mounted but should have flexible leads 

and be allowed to move freely. 

This tube is fittedwith a pin protector in order to avoid damage to the glass 

base due to bending of the base pins whilst handling the tube. 

Itis advisableto keep this pin protector on the base until it can be replaced 

by the socket after the installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM unless otherwise stated) 

Va2+a4 
max. (at Ia2+a4-0) (see note 1) 12 kV 

Va2+a4 
min. (absolute limit) 7.5 kV 

+Va3 
max. 500 V 

-Va3 max. 50 V 

Val max. 350 V 

Val min. 200 V 

-vg(pk) max. (see note 2) 350 V 

-V max. (see note 3) 100 V 
g 

tIa3 max. 25 µA 

}Ial 
max' 5.0 µA 

Vh-k 
d.c. max. 110 V 

pk max, 130 V 

Rh-k max. 
1.0 MS2 

Zk 
e 

max. (f=50Hz) 100 kSt 

R max. 1.5 M32 
g-k 

Z max. (f=50Hz) 500 k12 
g-k 

Notes 

L Adequate precautions should be taken to ensure that the receiver is 
protected from damage which may be caused by a possible high voltage 
flashover within the tube. 

2. Maximum pulse duration 22% of one cycle with a maximum of 1.5ms. 
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3. The d.c. value of bias must not be such as to allow the grid to become 
positive with respect to the cathode, except during the period immediately 
after switching the receiver on or off when it may be allowed to rise to 
+1.OV . It is advisable to limit the positive excursion of the video signal 
to +5V (pk) max. This may be achieved automatically by the series connect-
ion of a 1Ok52 resistor. 

4. The metalband (B) should be connected directly to the chassis in an a. c. 
receiveroperatingfromanisolatingtransformer, or via a suitable leak-
age path in an a. c. /d. c. receiver, for example 2MS2. 

The mounting lugs will be in electrical contact with the metal band. 

WEIGHT 

Tube alone (approx.) 2. 2 kg 
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TELEVISION TUBE A28-14W 

External 
conductive 
coating (M> 

5013 

252 5± 2 

2485±1.5 
Metal 
band B 

13 

J 

80°

Determined by the plane 
of the upper edge of the 
step on the reference line 
gauge (pagel0)when the 
gauge is resting on the cone. 

184 
max. 

60min. 

~~//  25m
1
ax~ 

I

Ref. line 

End of closely 
controlled zone 

129±3 

245±5 

'194.5± 2 

60min dia. 

Recessed cavity 

connector CT3 

a2+a4 

Neck dia 20+09
-0 5 

All dimensions in mm 
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199 
max 

h 

a3 

a2+a4 

9 

k h h 

240 

Dim¢nsions of m¢tal band 

256.5 max 

10°max 

a3 
a1 

4 holds 6±0.3 dia 

Th¢ mounting bolts 
must lid within 
circl¢s of 5 dia. 
c¢ntr¢d on th¢ 
tru¢ g¢om¢tric 
position of th¢s¢ 
holds. 

Pin dim¢nsions as in 87G base. 

Th¢ c¢ntr¢ of th¢ sock¢t must 
al low ¢ntry of th¢ pump st¢m. 

Al l dim¢nsions in mm 
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TELEVISION TUBE A28- 14W 

~ ~ O  O 

105 
±1~5 

61 
+1 

228 min 
171 min 

Dim¢nsions of fac¢ 

O ~ 
s~ 

26 
+1 

830 R ~\ 

Flat to within 1mm. 

262.5 min 

Minimum us¢ful scr¢¢n ar¢a 
of sph¢rical fac¢ 

~  2625 min 

Al l dim¢nsions in mm 

APRIL 1969 
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MAXIMUM CONE CONTOURS 

Nominal distant¢ 
of plan¢ from 

point Z 

27.5  1  

37.5  2 

475  3 

57.5  4 

675  5 

77 5 6 

875  7 

975  8 

1075 9 

1175  10 

9705 

B5793 

29.5 R max. 
Diagonal 

0°

67.12 

132 
max 

APRIL 1969 

R¢f¢r¢nc¢ lin¢ 

All dim¢nsions in mm. 
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TELEVISION TIJBE A28-14W 
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E 

See detail~A 

Reference
line 

~~ 

i~ ~ 79.85 
t 0.05 

I I 
i 

~ R=1**-0.2 
\\ 

Detail A 

 ~ 95 min 

{~ 85±0.5 

~ 90~ 

Q5 53.85 nom 

6 ±30 

B 9642 

1
13±0.05 

25*0.05 

R=15±o.05 

65~0.~ 

20.9±0.07 
o.00 

REFERENCE LINE GAUGE 

All dimensions in mm 
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TELEVISION TIJBE A28- 14W 

f1 

/~1 

(V) 
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13 

12 
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90 

a~o 

A28 -14W ~~~~ 
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'_~' 
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111 
e~~l ~iil 
a ~. ~~I 

 ~~~ ~~ 
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~~/rte 1 Upp¢r limit 

- I I~ al~IpN~/% ~j~I~ w  

 ~~:~1%%I/.1L////1~ 
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m~ t 
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 ~■~il~ "__,~. 
M~=~  ~~ 

87704 

■■ 
~■ ■■ 

~~~   ~.. II 
 -~  

~~~~ ~~ 

Discharg¢d 

0 02 04 0.6 08 
Tim¢ (Dischar9¢ cycl¢ of batt¢ry) 

1.O 

HEATER VOLTAGE PLOTTED AGAINST BATTERY DISCHARGE CYCLE 

APRIL 1969 

~< ll 
Mullard 

\/ 
A28-14W Page 11 



V9(V) -40 

A28-14 W B7705Ia2.a4 

 ~ (mA) 

Grid modulation 
I I _ 

T--

Va2.a4 =7.5 to 12 kV 

  V a l =250V  

.7  

-30 -20 -10 

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE 
GRID MODULATION 
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TELEVISION TUBE A28- 14W 

Ia2+a4 

(mA) 

I.2 

io 

os 

os 

04 

0.2 

0 10 

A28-14WY f 

  LL: 11
Cathoq¢ modulation 

T - Si  l 
 Vol,+a4 =7.5to12kV  

Va~_ 9 =250V 
r , 

20 30 

1 
r 

40 

87706 

Vk(V) 

FINAL ANODE CURRENT PLOTTED AGAINST CATHODE-TO -GRID 
VOLTAGE. CATHODE MODULATION 
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TELEVISION TUBE A44-120~N/R 

QUICK REFERENCE DATA 

44cm (17in) direct viewing television tube with metal backed screen 
and reinforced envelope. A separate safety screen is not required. 
Suitable for use in receivers with push-through presentation. This 
tube is fitted with a ring trap base. 

Deflection angle 110 deg 

Focusing Electrostatic 

Light transmission 48 ~ 

Maximum overall length 291 mm 

This data should be read in conjunction with 
GENERAL OPERATIONAL RECOMMENDATIONS-CATHODE RAY TUBES 

HEATER 

Suitable for series or parallel operation 

I

Vh

h 

The limits of heater voltage and current are contained in'General Operational 
Recommendations-Cathode Ray Tubes'. 

6.3 

300 

V 

mA 

Note:- (Applies to series operation only) 

The surge heater voltage must not exceed 9.5V r.m.s. when the supply is 
switched on. A current limiting device may be necessary in the circuit, to 
ensure that this voltage is not exceeded. 

OPERATING CONDITIONS 

a2+a4 
18 kV 

a3 
(focus electrode control range) 0 to 400 V 

al 
400 V 

V for visual extinction of focused raster -40 to -77 V 
g 

*Vk for visual extinction of focused raster 36 to 66 V 

*For cathode modulation, all voltages are measured with respect to the 
grid. 

I'EBRUARY 1969 
rRullard 
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SCREEN (Metal backed) 

Fluorescent colour 

Light transmission 

Useful screen area 

48 

White 

~Io 

See page 6 

FOCUSING (Electrostatic) 

The range of focus voltage shown in 'Operating Conditions' results in opti-
mum overall focus at a beam current of 250µA. 

DEFLECTION (Magnetic) 

Diagonal deflection angle 110 deg 

Horizontal deflection angle 100 deg 

Vertical deflection angle 83 deg 

CAPACITANCES 

cg
-all 

c
k-all 

c
at+a4-M 

cat+a4-B 

EXTERNAL CONDUCTIVE COATING 

7.0 pF 

5.0 pF 

700 to 1300 pF 

200 pF 

This tube has an external conductive coating, M, which must be connected 
to chassis, and the capacitance of this coating to the final anode is used to 
provide smoothing for the e.h.t. supply. The electrical connection to this 
coatingmustbemade within the area specified on the tube outline drawing. 

RING TRAP 

For flashover protection to the receiver, parallel spark gaps are included 
for all the pins in the base of this tube, and the common connection is made 
to pin 5. These spark gaps are intended as part of a system for full flashover 
protection. A direct connection must always be made from pin 5 to the 
external conductive coating. Any electrode supplied directly from a high 
energy source (such as the H.T. line) should be provided with a series 
resistor. 

RASTER CENTRING 

See note under this heading in 'General Operational Recommendations-
Cathode Ray Tubes'. 

Centring magnet field intensity 0 to 800 A/m 

Maximum distance between centre of 
centring field and reference line 57 mm 

Adjustment of the centring magnet should not be such that a general reduc-
tion in brightness of the raster occurs. 

REFERENCE LINE GAUGE 

J. E. D. E. C. 126. For details see 'General Operational Recommendations-
Cathode Ray Tubes'. 
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Rh-k max. 1.0 

Zk-e max. (f=50Hz) 100 

ft max. 
g-k 

1.5 

Z max. (f=50Hz) 
g-k 

500 

  [Mallard 
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TELEVISION TUIBE 

MOUNTING POSITION 

A44- 120 W / R 

Any. The tube socket should not be rigidly mounted but should have flex-
ible leads and be allowed to move freely. The bottom circumference of the 
base shell will fall within a circle of 40mm diameter which is centred on 
the perpendicular from the centre of the face. 

This tube is fitted with a pin protector in order to avoid damage to the 
glass base due to bending of the base pins whilst handling the tube. 

It is advisable to keep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

a2+a4 
max. (at I

a2+a4 - 
0) (see note 1) 18 kV 

a2+a4 
min. 13 kV 

+ 
a3  

max. 1.0 kV 

-Va3 max. 500 V 

Val max. 700 V 

Val min. 350 V 

-vg(pk) max. (see note 2) 400 V 

-Vg max, (see note 3) 150 V 

tI~ max. 25 µA 

}Ial 
max' 5 µA 

Vh-k (see note 4) 

Cathode positive 
d.c. max. 250 V 
pk max. 300 V 

Cathode negative 
d.c. max. 135 V 
pk max. 180 V 

M52 

kSt 

MS2 

kS2 



NOTES 

1, Adequate precautions should be taken to ensure that the receiver is pro-
tected from damage which may be caused by a possible high voltage 
flashover within the cathode ray tube. 

2. Maximum pulse duration 22% of one cycle with a maximum of 1.5ms. 

3. The d.c. value of bias must not be such as to allow the grid to become 
positive with respect to the cathode, except during the period immedi-
ately after switching the receiver on or off when it may be allowed to 
rise to +2V . 

It is advisable to limit the positive excursion of the video signal to 

+ 5V (pk) max. This may be achieved automatically by the series connec-
tion of a lOkSt resistor. 

4. Ihiringan equipment warm-up period not exceeding 15 seconds, vh_k(pk) 
max. (cathode positive) is allowed to rise to 410V. Between 15 and 45 
seconds after switching on, a decrease in vh_k(pk) max. (cathode posi-
tive) proportional with time from 410V to 250V is permissible. 

5. The metal band (B) should be connected directly to the chassis in an

a.c. receiveroperating from an isolating transformer, orvia a suitable 
leakage path in an a.c./d.c. receiver, for example 2,OMS2, 

The mounting lugs will be in electrical contact with the metal band. 

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 18kV . 

WEIGHT 

Tube alone (approx.) 5.5 

FEBRUARY 1969 
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Recessed cavity 
connector CTB 

TELEVISION TUBE A44-120V1~/R 

379 

371 5;20 
(bulb) 

Metal Dantl B 

External COnductly¢ 
codtlng M 

~~ ~—_ 

100°

~//~~%~//.S/. ~ 
44.5 

18.1 

Determined by the Plan¢ 
of the upper atlg¢ of the 
5t¢p on the referent¢ lino 
gaug¢ J.EAEC.126 when the 
gaug¢ Is resting on the mn¢ 

I!/// 

698~5R 

\/'  

48min 

i/, 

R¢i. line 32mox 
 _J_  

1745 
t5~0 

End of closely 
Controll¢tl zone 

+2845 
_63 

Y 

305 max 

—297.5*20 
(bulb) 

—_ 

83°

__~~~~—

~%~°~~~/ 
60 
min 

Neck dia.28.6 +O6 —~1 
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a2+a4 

All dimensions in mm 
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270 
min 

BBH Base 

Useful screen 
area shown 
shaded. 

.t- —346min 

Bulb dimensions All dimensions in rnm 

FEBRUARY 1969 

G ~ 
M~~alla/~rd 

V% 
A44-120W/R Page 6 



TELEVISION TUBE A44-120W/R 

Anode 
COnlOCL 

305 tbls 
max slde. 

379max. 

Maximum radii of the 
outside of the tension 
Dand=nominal Dulb radius.4~0 

Cantr¢ of 
scr¢¢n 

3 2 
~z o 

1433 ±3.0 
to R¢i. lin¢ 

} 

6R 

tst2-0 ǅ 13min 
it 94s20 

40

1
25 

n4p6jx. ~ rye ~ % Tha location Of 
points X72 ar¢ 
Shown on th¢ 

,. ~ bulb Oimansions 
tlrawing. 

On¢ of th¢ tour lugs nay d¢viata Camant 
2mm mmt Iron Lh¢ Plana through 
th¢ oth¢r thraa lugs. 

12 

FEBRUARY 1969 
Mallard 

X 

All tlim¢nsions in mm. 

match lin¢. 
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TELEVISION TUIBE A44-120W/R 
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8465 

3~0 

~ 29 

~ Minimum space to be 
reserved for mounting lug 

= 33 

288.5 

Mounting lug 

The bolts to be used for mounting 
the tubes must be within the 
circles of 7.5mm diameter 
shown in the template drawing. 

All dimensions in mm 

Template for mounting bolts 

FEBRUARY 1969 
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TELEVISION TUBE A44- I ZOW~R 

  A44-120W/R  
1.1 1 1 1 1 1 

Grid modulation 

84975 

I 1 I I I 
Va2+a4-13 to 18kV 

vy cv) _~ —ao —20 

0 0  /. 
0 
0 
a 

0 

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE. 
GRID MODULATION 
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~+04 
(mA) 

2.5 

2.O 

I5 

to 

05 

O 

A44-120W/R 84979 

I I I l 

Cathode modulation 
I LJ l_ I I I 

Va2+a4i 
13 to 18kV 

O 

L 

20 40 60 Vk(V) 

FINAL ANODE CURRENT PLOTTED AGAINST CATHODE-TO-GRID VOLTAGE 
CATHODE MODULATION 
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TELEVISION TU IBE A44- 120W/R 

Vk 
9 

(cut-off ) N) 
120 

  A44-120W/R ~ ~~~~~~~~~~~~~ 
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11111111111111111~~1111111111111111~1111
1111111111111111~11111111111111111 1111 
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20 
200 600 800 Vaf_9 N) 

LIMITS OF CATHODE-TO-GRID CUT-OFF VOLTAGE PLOTTED AGAINST 
FIRST ANODE-TO-GRH) VOLTAGE. 

CATHODE MODULATION 
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A44-120W/R 
I I I

Grid modulation 

I I I I
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LIMITS OF GRID CUT-OFF VOLTAGE PLOTTED AGAINST 

FIRST ANODE VOLTAGE. GRID MODULATION 
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TELEVISION TUBE A47-IIW 

QUICK REFERENCE DATA 

47cm (19 in) direct viewing television tube with metal backed screen 
and reinforced envelope. A separate safety screen is not required. 
This tube is electrically identical to the A47-14W, 

Deflection 110 deg 

Focusing Electrostatic 

Light transmission (approx.) 50 ~ 

Maximum overall length 30.9 cm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -CATHODE RAY TUBES, which precede this section 
of the handbook, 

HEATER 

Suitable for series or parallel operation 

I

Vh

h 

6,3 V 

300 mA 

The limits of heater voltage and current are contained in'General Operational 
Recommendations -Cathode Ray Tubes' . 

Note - (applies to series operation only) . The surge heater voltage must 
not exceed 9,5V r.m.s. when the supply is switched on. A current limiting 
device may be necessary in the circuit, to ensure that this voltage is not 
exceeded. 

OPERATING CONDITIONS 

Va2+a4 
20 

Va3 (focus electrode control range) 0 to 400 

Val 400 

V for visual extinction of focused raster 
g 

~0 to -77 

*Vk for visual extinction of focused raster 36 to 66 

20 kV E—

0 to 400 V 

500 V 

-50 to -93 V 

45 to 80 V 

*For cathode modulation, all voltages are measured with respect to the 
grid. 
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SCREEN 

Metal backed 

Fluorescent colour White 

Light transmission (approx.) 50 % r`.y' 

Useful screen area see page D6 

FOCUSING 

Electrostatic 

The range of focus voltages shown in 'OPERATING CONDITIONS' results 

in optimum overall focus at a beam current of 250µA. 

DEFLECTION 

Double magnetic 

The deflection coils should be designed so that their internal contour is 

in accordance with J. E.D. E. C. gauge 126, and should provide a pull-

back of 4mm on a nominal tube. 

~" 
CAPACITANCES 

cg 
all 

6.0 pF 

ck-all 
4.0 pF 

ca2+a4-M 
1000 to 1500 pF 

ca2+a4-B 
250 pF 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating, M, which must be earthed, 

andthe capLcitance of this to the final anode is used to provide smoothing 

for the e.h.t. supply. The tube marking and warning labels are on the 

side of the cone opposite the final anode connector and this side should 
not be used for making contact to the external conductive coating. 

RASTER CENTRING 

See note under this heading in 'General Operational Recommendations 
Cathode Ray Tubes'. 

Centring magnet field intensity 0 to 10 Gs 

Maximum distance of centre of 
centring field from reference line 57 mm 

Adjustment of the centring magnet should not be such that a general 

reduction in brightness of the raster occurs. 

REFERENCE LINE GAUGE 

J. E. D. E. C. 126. For details see 'General Operational Recommenda -
tions -Cathode Ray Tubes'. 
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TELEVISION TUBE A47-IIW 

MOUNTING POSITION Any 

The tube socket shouldnot be rigidly mounted but should have fle~rible leads 
andbeallowed to move freely. The bottom circumference of the base shell 

will fall within a circle of 40mm diameter which is centred upon the 

perpendicular from the centre of the face. 

Thistubeisfittedwitha pin protector in order to avoid damage to the glass 
base due to bending of the base pins whilst handling the tube. 

Itisadvisabletokeep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va2+a4 
max. (at 

Ia2+a4 = 
0) (see note 1) 20 kVE--

Va2+a4 
min. 13 kV 

+Va3 
max. 1.0 kV 

-Va3 max. 500 V 

~a3(pk) 
max. (see note 2) 2.5 kV 

Val max. 700 V 

Val min. 350 V 

-vg(pk) max. (see note 2) 400 V 

-Vg max. (see note 3) 150 V 

tIa3 max. 25 µA 

}Ial 
max. 6 µA 

Vh-k (see note 4) 

Cathode positive 

d.c. max. 250 V 

pk max. 300' V 

Cathode negative 

d.c. max. 135 V 

pk max. 180 V 

Rh-k max. 1.0 MSt 

Zk~ max. (f = 50c/s) 100 k52 

R max. 
g-k 

1.5 MS2 

Z max. (f = 50c/s) 
g-k 

500 kR 
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1. Adequate precautions should be taken to ensure that the receiver is 
protected from damage which may be caused by a possible high voltage 
flashover within the cathode ray tube. 

2, Maximum pulse duration 22% of one cycle with a maximum of 1.5ms. 

3. The d.c. value of bias must not be such as to allow the grid to become 
positivewithrespecttothecathode, except during the period immediately 
after switching the receiver on or off when it may be allowed to rise to 
+2V . 

It isadvisabletolimitthepositiveexcursionofthe video signal to +5V(pk) 
max. This may be achieved automatically by the series connection of a 
1Ok12 resistor. 

4. Ihiringan equipment warm-up period not exceeding 15 seconds vh-k(pk)) 
max. (cathode positive) is allowed to rise to 410V. Between 15 ancT45 
seconds after switchingonadecreasein vh-k(pk) max. (cathode positive) 
proportional with time from 410V to 250V is permissible. 

5. The metalband (B) must be connected to the chassis via a 2MSZ resistor. 
Soldering tags are provided for this purpose. 

The mounting lugs will not necessarily be in electrical contact with the 
metal band. 

WARNING 

X-ray shielding is advisable to give protection against possible danger of 
personal injury arisingfrom prolonged exposure at close range to this tube 
when operated above 20kV . ~ 

WEIGHT 

Tube alone 

FEBRUARY 1966 
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TELEVISION TUIBE A47- I I W 

External 
conductive 
coating 
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Determined by the plan¢ of the 
upper edge of the reference 
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gauge is ranting on the Iona 

Recessed cavity ---
connector CT9 
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respect to centre 
of screen 7~5max 

Neck dia.28~6 ~O 8 
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TELEVISION TUIBE 
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other lugs. This deviation 
is incorporated in the !2.5 
tolerance. 
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Opening o/ rim band 

2 mox (meniscus) 
metal rim band 
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TELEVISION TUBE A47- I I W 
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TELEVISION TUBE A47- I i W 
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TELEVISION TUBE 
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TELEVISION TUBE A47-14W 

QUICK REFERENCE DATA 

47cm (19in) direct viewing television tube with metal backed screen. 
This tube is electrically identical to the A47-11W. 

Deflection i10 deg 

Focusing Electrostatic 

Light transmission (approx.) 50 % 

Maximum overall length 30.9 cm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -CATHODE RAY TUBES, whichprecedethissection 
of the handbook. 

HEATER 

Suitable for series or parallel operation 

L

Vh

h 

6.3 V 

300 mA 

The limits of heater voltage and. current are contained in'General Operational 
Recommendations -Cathode Ray Tubes'. 

Note - (applies to series operation only) .The. surge heater voltage must not 
exceed 9.5V r.m.s. when the supply is switched on. A current limiting 
device may be necessary in the circuit, to ensure that this voltage is not 
exceeded. 

OPERATING CONDITIONS 

Va2+a4 
20 20 kV 

Va3 (focus electrode control range) 0 to 400 0 to 4~)0 V 

Val 400 500 V 

V for visual extinction of focused raster 
g 

110 to -77 -50 to -93 V 

*Vk for visual extinction of focused raster 36 to 66 45 to 80 V 

*For cathode modulation, all voltages are measured with respect to the 
grid . 
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SCREEN 

Metal backed 

Fluorescent colour White 

Light transmission (approx.) 50 

Useful screen area see page D6 

FOCUSING 

Electrostatic 

The range of focus voltages shown in 'OPERATING CONDITIONS' results 

in optimum overall focus at a beam current of 250µA. 

DEFLECTION 

Double magnetic 

The deflection coils should be designed so that their internal contour is 
in accordance with J. E.D. E. C. gauge 126, and should provide a pull-
back of 4mm on a nominal tube. 

CAPACITANCES 

° g-all 

ck-all 

ca2+a4-M 

EXTERNAL CONDUCTIVE COATING 

6.0 pF 

4.0 pF 

1000 to 1500 pF 

This tube has an external conductive coating, M, which must be earthed, 
and the capacitance of this to the final anode is used to provide smoothing 
for the e.h.t. supply. The tube marking and warning labels are on the 
side of the cone opposite the final anode connector and this side should 
not be used for making contact to the external conductive coating. 

RASTER CENTRING 

See note under this heading in 'General Operational Recommendations -
Cathode Ray Tubes'. 

Centring magnet field intensity 

Maximum distance of centre of 
centring field from reference line 57 mm 

0 to 10 Gs 

Adjustment of the centring magnet should not be such that a general 
reduction in brightness of the raster occurs. 

REFERENCE LINE GAUGE 

J. E.D. E. C. 126. For details see 'General Operational Recommenda-
tions -Cathode Ray Tubes'. 

1 
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TELEVISION TUBE A47-14W 

MOUNTING POSITION Any 

Thetube socket should not be rigidly mounted but should have flexible leads 
andbe allowed to move freely. The bottom circumference of the base shell 
will fall within a circle of 40mm diameter which is centred upon the 
perpendicular from the centre of the Face. 

This tube is fitted with a pin protector in order to avoid damage to the glass 
base due to bending of the base pins whilst handling the tube. 

It is advisable to keep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va2+a4 
max. (at 

Ia2+a4 = 
O) (see note 1) 20 kV 

Va2+a4 
min, 13 kV 

+Va3 
max. 1.0 kV 

-Va3 max. 500 V 

~a3(pk) 
max. (see note 2) 2.5 kV 

Val max. 700 V 

Val min. 350 V 

-vg(pk) 
max. (see note 2) 400 V 

-V max. (see note 3) 150 V 
g 

tIa3 max. 25 µA 

$Ial 
max. 5 µA 

Vh-k (see note 4) 

Cathode positive 

d. c. max. 250 V 

pk max. 300 V 

Cathode negative 

d.c. max. 135 V 

pk max. 180 V 

Rh k max. 1.0 MSt 

Zk-e max. (f = 50c/s) 100 kSt 

R max. 1.5 MSt 
g-k 

Z max. (f = 50c/s) 500 k4 
g-k 
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1. Adequate precautions should be taken to ensure that the receiver is 
protected from damage which may be caused by a possible high voltage 
flashover within the cathode ray tube. 

2. Maximum pulse duration 22% of one cycle with a maximum of 1.5ms. 

3. The d. c. value of bias must not be such as to allow the grid to become 
positive with respect to the cathode, except during the period immediately 
after switching the receiver on or off when it may be allowed to rise to 
+2V. 

It is advisable to limit the positive excursion of the video signal to +5V (pk) 
max. This may be achieved automatically by the series connection of a 
lOkSt resistor. 

4. Duringan equipment warm-up period not exceeding 15 seconds vh_k(pk) 
max. (cathode positive) is allowed to rise to 410V. Between 15 and 45 
seconds after switchingon a decrease in vh-k(pk) max. (cathode positive) 
proportional with time from 410V to 250V is permissible. 

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 20kV. 

WEIGHT 

Tube alone 
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TELEVISION TUBE A4i - 14W 

9.5 R 
416.513 2 

+1 
O ~ 
v ~ 

99°

Ref. I i ne -~ - -~,- -
Determined by the 
plane of the upper 
edge of the 
reference I ine 
gauge J.ED.EG. 126 
when the gauge is 
resting on the cone. 

Recessed 
cavity 
connector 
CTS 

S¢¢ d¢tail 'A' 

~~~~~~~~~~~~ ~ ~~ o~ ~ 

u7 

~~ x 
v 
E 

~ 
X28'6+1~07\N 

0.8 M 

,,,~ 13 O } 
min 

The maximum value is determined by the reference 
line gauge 

L 
Ext¢rnal End of closely 
conductiv¢ controlled zone 
coating 

B 5074 
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TELEVISI®N TUBE A47-14W 

166 6  
(R=1219 ) 

Mould match line 1219R 

4165 =3 2 

533.5R 

;^ ~ -- 46.8 

External screen radii 

Detail 'A' 

Mould match line 

Splice line 

f Undisturbed area between mould match 
line ontl Splice line 

All dimensions in mm 85009 

~-~. 5' I 
x 
0 
E 
e 

9.5R 

1 The bulge at the splice line seal 
E may increase the indicated max-

is imum values for envelope width, 
diagonal and height by not more 

than 3.2mm, but at any point 
around the seal, the bulge will not 
protrude more than 1.6mm beyond 
the envelope surface at the mould 
match line. 
The mounting arrangement should 
be desigzled such that for satis-

~—I.6 mox factory clamping it does not depend 
_~, on the presence of a bulge at the 

splice line. 
The undisturbed area beheeen 
mould match line and splice line is 
15mm minimum. This should be 
the width of the tube supportband. 
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TELEVISION TUBE A47-IOW 
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TELEVISION TUBE A~7-14W 

A47 14W 84975 

( I I I I 
Grid modulation 

I I I I I I I 

Vol+o4 =13 to20kV 
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TELEVISION TUBE 
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TELEVISION TUBE A47-26W 

TENTATIVE DATA 

/~ 

QUICK REFERENCE DATA 

47cm (19in) direct viewing television tube with metal backed screen 
and reinforced envelope. A separate safety screen is not required. 
This tube is electrically identical to the A47-11W. Suitable for use in 
receivers with push-through presentation. 

Deflection 110 deg 

Focusing Electrostatic 

Light transmission (approx.) 50 % 

Maximum overall length 30.9 cm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -CATHODE RAY TUBES 

HEATER 

Suitable for series or parallel operation 

Vh

h 

6.3 V 

300 mA 

The limits of heater voltage and current are contained in 'General Operational 
Recommendations-Cathode Ray Tubes'. 

Note-(applies to series operation only). The surge heater voltage must not 
exceed 9.5V r.m.s, when the supply is switched on. A current limiting 
device may be necessary in the circuit, to ensure that this voltage is not 
exceeded. 

OPERATING CONDITIONS ~~ 

Va2+a4 
20 20 kV 

Va3 (focus electrode control range) 0 to 400 0 to 400 V 

Val 400 500 V 

V for visual extinction of focused raster 
g 

110 to -77 -50 to -93 V 

*Vk for visual extinction of focused raster 36 to 66 45 to 80 V 

*For cathode modulation, all voltages are measured with respect to the 
grid . 

SEPTEMBER 1967 A47-26W Page D1 



SCREEN 

Metal backed 

Fluorescent colour White 

Light transmission (approx.) 50 

Useful screen area See page D6 

FOCUSING 

Electrostatic 

~/o l 

The range of focus voltages shown in 'OPERATING CONDITIONS' results 
in optimum overall focus at a beam current of 250µA. 

DEFLECTION 

Magnetic 

Diagonal deflection angle 110 deg 

Horizontal deflection angle 99 deg 

Vertical deflection angle 82 deg 

The deflection coils should be designed to provide apull-back of 4.Omm on 
a nominal tube. 

CAPACITANCES 

og-all 

ck-all 

ca2+a4-M 

ca2+a4-B 

EXTERNAL CONDUCTIVE COATING 

6.0 pF 

4.0 pF 

1000 to 1500 pF 

250 pF 

This tube has an external conductive coating, M, which must be connected 
to chassis, and the capacitance of this coating to the final anode is used to 
provide smoothing for the e.h.t. supply. The electrical connection to this 
coating must be made within the area specified on the tube outline drawing. 

RASTER CENTRING 

See note under this heading in 'General Operational Recommendations -
Cathode Ray Tubes'. 

Centring magnet field intensity 

Maximum distance of centre of 

centring field from reference line 

0 to 10 Gs 

57 mm 

Adjustment of the centring magnet should not be such that a general reduction 
in brightness of the raster occurs. 

REFERENCE LINE GAUGE 

J.E.D.E.C. 126. For detailssee'General Operational Recommendations -
Cathode Ray Tubes'. 
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TELEVISION TUBE A47-Z6W 

MOUNTING POSITION 

Any. Thetubesocketshouldnotberigidly mounted but should have flexible 
leadsandbeallowedtomovefreely. The bottom circumference of the base 

shell will fall within a circle of 40mm diameter which is centred upon the 

perpendicular from the centre of the face. 

This tube is fitted with a pin protector in order to avoid damage to the glass 

base due to bending of the base pins whilst handling the tube. 

Itis advisabletokeep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va2+a4 
max. (at Ia2+a4-0) (see note 1) 20 kV 

Va2+a4 
min, 13 kV 

+V max. 1.0 kV 
a3 

-Va3 max. 500 V 

~a3(pk) 
max. (see note 2) 2.5 kV 

Val max. 700 V 

Val min. 350 V 

-vg(pk) max. (see note 2) 400 V 

-Vg max. (see note 3) 150 V 

tIa3 max. 25 µA 

d al ~' 
5 µA 

Vh-k (see note 4) 

Cathode positive 

d.c. max. 250 V 

pk max. 300 V 

Cathode negative 

d.c. max. 135 V 

pk max. 180 V 

Rh-k max. 1.0 Mffi 

• Z~-e max, (f =.50Hz)~ 100 k12 

R max. 1.5 MS2 
g-k 

Z max. (f = 50Hz) 500 kSt 
g-k 

  LMullard  
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1. Adequate precautions shouldbe taken to ensure that the receiver is pro-
tectedfromdamagewhichmaybecausedbyapossible high voltage flash-
over within the cathode ray tube. 

2. Maximum pulse duration 22% of one cycle with a maximum of 1.5ms. 

3. The d.c. value of bias must not be such as to allow the grid to become 
positivewithrespecttothecathode, exceptduringtheperiod immediately 

after switching the receiver on or off when it may be allowed to rise to 
+2V. 

It is advisable to limit the positive excursion of the video signal to +5V(pk) 
max. This may be achieved automatically by the series connection of a 
1Ok12 resistor. 

4. Duringan equipment warm-up period not exceeding 15 seconds vh-k k)) 
max. (cathode positive) is allowed to rise to 410V. Between 15 an~45 
seconds after switchingon,adecrease invh-k(pk)max. (cathode positive) 
proportional with time from 410V to 250V is permissible. 

5. The metal band (B) should be connected directly to the chassis in an a.c. 
receiveroperatingfromanisolatingtransformer, orvia a suitable leak-
age path in an a.c./d.c. receiver, for example 2.OM52. 

The mounting lugs will be in electrical contact with the metal band. 

WARNING 

X-ray shielding is advisable to give protection against possible danger of 
personal injury arisingfrom prolonged exposure at close range to this tube 
when operated above 20kV. 

WEIGHT 

Tube alone (approx.) 8.0 

SEPTEMBER 1967 
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TELEVISION TUBE A47-26W 
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TELEVISION TUIBE A47-Z6W 

9 
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TELEVISION TUBE A47-26W 
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TELEVISION TUBE A47-26W 
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TELEVISION TUBE A47-26W/R 

QUICK REFERENCE DATA 

47cm (19in) direct viewing television tube with metal backed screen 
and reinforced envelope. A separate safety screen is not required. 
This tube is fitted with a ring trap base but in all other respects is 

electrically identical to the A47-11W. Suitable for use in receivers 

with push-through presentation. 

Deflection angle 110 deg 

Focusing Electrostatic 

Light transmission (approx.) 48 % 

Maximum overall length 309 mm 

This data should be read in conjunction with 
GENERAL OPERATIONAL RECOMMENDATIONS -CATHODE RAY TUBES 

HEATER 

Suitable for series or parallel operation 

Vh 6.3 V 

300 mA 

The limits of heater voltage and current are contained in'General Operational 
Recommendations -Cathode Ray Tubes'. 

Note - (applies to series operation only) .The surge heater voltage must not 
exceed 9.5V r.m.s. when the supply is switched on. A current limiting 
device may be necessary in the circuit, to ensure that this voltage is not 
exceeded. 

OPERATING CONDITIONS 

Vat+a4 
20 20 kV 

Va3 (focus electrode control range) 0 to 400 0 to 400 V 

Val 400 500 V 

V for visual extinction of focused raster 
g 

-40 to -77 -50 to -93 V 

*Vk for visual extinction of focused raster 36 to 66 45 to 80 V 

*For cathode modulation, all voltages are measured with respect to the 
grid. 

SCREEN (Metal backed) 

Fluorescent colour White 

Light transmission (approx.) 48 ~' 

Useful screen area See page 6 

  ~Mnllard  
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FOCUSING (Electrostatic) 

The range of focus voltages shown in 'OPERATING CONDITIONS' results 
in optimum overall focus at a beam current of 250µA. 

DEFLECTION (Magnetic) 

Diagonal deflection angle 

Horizontal deflection angle 

Vertical deflection angle 

110 

99 

82 

deg 

deg 

deg 

The deflection coils should be designed to provide apull-back of 4.Omm on 
a nominal tube. 

CAPACITANCES 

cg
-all 

c
k-all 

cat+a4-M 

cat+a4-B 

EXTERNAL CONDUCTIVE COATING 

7.0 pF 

5.0 pF 

1000 to 1500 pF 

400 pF 

This tube has an external conductive coating, M, which must be connected 
to chassis, and the capacitance of this coating to the final anode is used to 
provide smoothing for the e.h.t. supply. The electrical connection to this 

coating must be made within the area specified on the tube outline drawing. 

RING TRAP 

For flashover protection to the receiver, parallel spark gaps are included 
for all the pins in the base of this tube, and the common connection is made 
to pin 5. These spark gaps are intended as part of a system for full flashover 
protection. A direct connection must always be made from pin 5 to the 
external conductive coating. Any electrode supplied directly from a high 
energy source (such as the H.T. line) should be provided with a series 
resistor. 

RASTER CENTRING 

See note under this heading in 'General Operational Recommendations-
Cathode Ray Tubes'. 

Centring magnet field intensity 0 to 800 A/m 

Maximum distance of centre of 
centring field from reference line 57 mm 

Adjustment of the centring magnet should not be such that a general reduc-
tion in brightness of the raster occurs. 

REFERENCE LINE GAUGE 

J. E.D. E.C. 126. For details see'GeneralOperationalRecommendations-
Cathode Ray Tubes'. 
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TELEVISION TUBE A47-26Y€~R 

MOUNTING POSITION 

Any. The tube socket shouldnotberigidly mountedbut should have flexible 
leadsandbeallowedtomovefreely. The bottom circumference of the base 

shell will fall within a circle of 40mm diameter which is centred upon the 

perpendicular from the centre of the face. 

This tube is fitted with a pin protector in order to avoid damage to the glass 
base due to bending of the base pins whilst handling the tube. 

Itis advisabletokeep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va2+a4 
max. (at Ia2+a4-0) (see note 1) 20 kV 

Va2+a4 
min. 13 kV 

+Va3 
max. 1.0 kV 

-Va3 max. 500 V 

Val max. 700 V 

Val min. 350 V 

-vg(pk) 
max. (see note 2) 400 V 

-V max. (see note 3) 150 V 
g 

tl a3 max. 25 µA 

}Ial 
max. 5 µA 

Vh_k (see note 4) 

Cathode positive 

d.c. max. 250 V 

pk max. 300 V 

Cathode negative 

d.c. max. 135 V 

pk max. 180 V 

Rh-k max. 1.0 MS2 

Zk-e max. (f=50Hz) 100 kSt 

R max. 1.5 MSl 
g-k 

Z max. (f=50Hz) 500 kSt 
g-k 
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NOTES 

1. Adequate precautions shouldbe taken to ensure that the receiver is pro-
tectedfromdamagewhichmaybecausedbyapossible high voltage flash-

over within the cathode ray tube. 

2. Maximum pulse duration 22% of one cycle with a maximum of 1.5ma. 

3. The d.c. value of bias must not be such as to allow the grid to become 

positivewithrespecttothecathode, except during the period immediately 

after switching the receiver on or off when it may be allowed to rise to 
+2V. 

It is advisable to limit the positive excursion of the video signal to +5V (pk) 
max. This may be achieved automatically by the series connection of a 
lOkffi resistor. 

4. Duringan equipment warm-up period not exceeding 15 seconds vh-k(pk)) 
max. (cathode positive) is allowed to rise to 410V. Between 15 ancr45 

seconds after switchingon,adecrease invh-k(pk)max. (cathode positive) 
proportional with time from 410V to 250V is permissible. 

5. Themetalband (B) should be connected directly to the chassis in an a.c. 
receiver operating fromanisolatingtransformer, orvia a suitable leak-
age path in an a.c./d.c. receiver, for example 2.OMSt. 

The mounting lugs will be in electrical contact with the metal band. 

WARNING 

X-ray shielding is advisable to give protection against possible danger of 
personal injuryarisingfrom prolonged exposure at close range to this tube 
when operated above 20kV. 

WEIGHT 

Tube alone (approx.) 8.0 
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TELEVISION TUBE A47-26W~R 
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TELEVISION TUBE A47-26W~R 
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TELEVISION TUBE A47-26W~R 
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Template for mounting bolts. 

Th¢ bolts to be used for 
mounting the tubes must 
b¢ within the circles of 
8.5 mm. diameter shown 
in the template drawing. 

8.5 dia. 

All dimensions in mm. 
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TELEVISION TUBE A47-26W~R 

v9 (v) - eo 

A47-26 W/R 

-40 

84975 

-20 0 

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE. 
GRID MODULATION. 

DECEMBER 1968 

 l 

I~``~/JAI 
V 

Ia2ta4 
(mA) 

2.5 
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1.5 

~•o 
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172+04 
(mA) 

25 

20 

15 

10 

05 

A47-26 W/R 

1 
84979 

Cathoda modulation 

_11 1 I I 
Volǅo4-13 to 20kV 

1 

O 20 40 60 Vk(V~ 

FINAL ANODE CURRENT PLOTTED AGAINST CATHODE-TORRID 
VOLTAGE. CATHODE MODULATION. 
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TELEVISION TUBE A47-26W~R 

Vk-9 
(cut-of} ) 
(V) 

120 

,00 

80 

so 

A47-26W/R B 4977 

Cathod¢ modulation 

Vat*a4 =13 to20kV 

111111111111111111111111 11111111 
11111111111111111111 11►11111111111111 

""""~t"1"i  ~ :: 

2 ~~ ~~ 

1111111111111 ~` ~ Illllilll1111111 .......~ 
■■~■■■■~; ~■e~=■■■■■■■~■~■■■■■■■■■ 

.~''' 

11181111111111111111111 1111111111111 
200 600 800 va1_y N) 

LIMITS OF CATHODE-TO~RiD CUT-0FF VOLTAGE PLOTTED 

AGAINST FIRST ANODE-TO-GRdD VOLTAGE. 

CATHODE MODULATION. 
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I I I I I
Grid modulation 
I I I I I 1 1 1 I 

 Vat+aq = 13 to20kV 

 r 
.~ ~ y~~ 

::::....  ndn~n 

~~u~lii~,~ ' ~ I ~~~ ~~,l~l~ 
: ::t:: 

~■■■■■■■■■■■ :::::a 

200 400 600 800 Va~tV) 

LIMITS OF GRID CUT-0FF VOLTAGE PLOTTED AGAINST FIRST 
ANODE VOLTAGE. GRID MODULATION. 
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COLOUR TELEVISIOIN 
TUBE 

TENTATIVE DATA 

A49- I I X 

QUICK REFERENCE DATA 

49cm (19in) rectangular shadow-mask colour television tube incor-
porating three guns and ametal-backed three-colour phosphor dot 
screen. 
Advanced red phosphor, europium activated. 
Increased white brightness. 
Unity current ratio for white point x=0.281, y=0.311 
Temperature compensated shadow-mask maintains purity during 
warm-up. Shadow-mask optimised for minimum moire effect on 625 
line system. 
Reinforced tube envelope-separate safety screen not required. 

Deflection angle 90 deg 

Focusing Electrostatic 

Light transmission (approx.) 54 % 

Maximum overall length 458 mm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -TELEVISION PICTURE TUBES 

HEATER 

Vh (see note 1) 

Ih

6.3 

900 

V 

mA 

The limits of heater voltage and current are contained in General Operational 
Recommendations -Television Picture Tubes. 

OPERATING CONDITIONS (each gun) 

Va3+ a4 25 kV 

Vat (focus electrode control range) 4.2 to 5.0 kV 

Val (at V -100V for visual extinction 
g 

of focused raster) 210 to 495 V 

Vg (at Val =300V for visual extinction 

of focused raster) -65 to -135 V 

*Light output at screen centre 
(at I

a3+a4 - 
750µA) 130 cd/m2 (nits) 

*To product white of colour co-ordinates 
x=0.281, y=0.311 with a focused 
raster size of 39.6 x 31.Ocm 
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SCREEN 

Metal backed 

Phosphor types for separate fluorescent colours: 

Red Europium activated rare earth 

Green Sulphide 

Blue Sulphide 

Useful screen area (approx.) 1160 cm2

Spacing between centres of adjacent 
phosphor dot triads (approx.) 0.63 mm 

Light transmission (approx.) 54 % 

FOCUSING 

Electrostatic 

DEFLECTION 

Magnetic 

Diagonal deflection angle 90 deg 

Horizontal deflection angle 79 deg 

Vertical deflection angle 62 deg 

CONVERGENCE 

Magnetic 

CAPACITANCES (approx. ) 

cg
-all 

(each gun) 

c(kR+kG+kBj -all 

ckR-all 

ckG-all 

ckB-all 

cat-all 

ca3+a4-M 

ca3+a4-B 

EXTERNAL CONDUCTIVE COATING 

7. 0 pF 

15 pF 

5. 0 pF 

5. 0 pF 

5. 0 pF 

7. 0 pF ~~ 

1500 to 2000 pF 

300 pF 

This tube has an external conductive coating, M, which must be connected 
to chassis, and the capacitance of this coating to the final anode is used to 
provide smoothing for the e.h.t. supply. The electrical connection to this 
coating must be madewithin the area specified on the tube outline drawing. 

REFERENCE LINE GAUGE 

See page 10. 
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COLOUR TELEVISION 
TUBE A49- I I X 

MOUNTING POSITION 

Any. The tube socket should not be rigidly mounted but should have flexible 
leadsandbeallowed to move freely. The bottom circumference of the base 
shellwillfallwithina circle of 52.5mm diameter which is centred upon the 
perpendicular from the centre of the face. 

MAGNETIC SHIELDING 

Magnetic shielding must be provided to minimise the effects of extraneous 

magnetic fields, including the earth's magnetic field. This shielding, in the 

form of a metal shell extending 22cm over the cone of the tube measured 

from the centre of the screen, should be constructed of cold-rolled mild 

steel of O.5mm minimum thickness. The magnetic shield shouldbe connected 

to the outer conductive coating. See page 10 for physical dimensions. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va3+a4 
max. (absolute rating) (see notes 2 and 3) 27.5 kV 

Va3+a4 
min. (absolute rating) (see note 4) 20 kV 

Ia3+a4 
(long term average max. for three guns: see note 5)750 µA 

Vat max. (see note 3) 6. 0 kV 

val (pk) max. 1. 0 kV 

-V max. 400 V 
g 

V max. 0 V 
g 

Vh-k max. (see note 6) 

Cathode positive 
d. c, max. 250 V 

pk max. 300 V 

Cathode negative 
d. c. max. 135 V 

pk max. 180 V 

R max. 750 kSt 
g-k 

APRIL 1969 
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EQUIPMENT DESIGN VALUES (each gun if applicable) 

Valid for V
a3+a4 - 

20 to 27.5kV 

Vat 

Val 

V 
g 

Variation in cut-off voltage between guns 

16.8 to 20% of 
Va3+a4 

see page 14 

see page 14 

Minimum value is at least 

65% of the maximum value. 

Ia2

I al

I at V = -150 
g g 

-15 to +15 

-5 to +5 

-5 to +5 

µA 

µA 

µA 

To produce white of colour x 0.310 0.265 0.281 E—

co-ordinates: y 0.316 0.290 0.311 

Percentage of total anode current 
supplied by each gun (typical) 

E—

Red gun 43.5 27,9 32.2 % 

Green gun 30.G 34.9 35.6 % 

Blue gun 26.5 37.2 32.2 % 

Ratio of cathode currents E—

Red gun to green gun min. 1.05 0.60 0.65 

ay. 1.45 0.80 0.90 

max. 2.00 1.10 1,25 

Red gun to blue gun min. 1.20 0.55 0.75 

ay. 1.65 0.75 1.00 

max. 2.25 1,05 1.35 

Maximum electron beam shift 
required from purity magnets 10.11 mm 

Maximum required raster shift t12 mm 

Maximum lateral convergence shift of 
blue beam with respect to the 
converged red and green beams f5.5 mm 

Maximum radial convergence shift, excluding 
effects of dynamic convergence (each beam, see note 8) t8.0 mm 

WEIGHT 

Tube alone (approx.) 11 kg 

APRIL 1969 
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COLOUR TELEVISiO~J 
TUBE 

NOTES 

A49- I I X 

1. For maximum cathode life, it is recommended that the heater supply be 
regulated at 6.3V. 

2. The tube does not emit X-radiation above the internationally accepted 
maximum dosage rate if it is operated from an e.h.t. source supplying 
an absolute maximum voltage of 27.5kV at zero beam current and with 
an internal impedance ?500kS1. 

3. Adequate precautions shouldbe taken to ensure that the receiver is pro-
tected from damage which may be caused by a possible high voltage 
flashover within the cathode ray tube. In view of the high voltage on a2, 
adequate precautions should be taken to ensure freedom from flashover 
on all connections to this electrode. 

4. Operation at lower voltages impairs brightness and resolution and may 
have a detrimental effect on colour purity. 

5. The limiting value "long term average maximum current" of 750µA will 
be met provided a device is incorporated in the circuit to limit the short 
term average current to 1.1mA. 

6. Inordertoavoidexcessivehum the a. c. component of Vh_k should be as 
low as possible (<20V r. m. s. ). 

During an equipment warm-up period not exceeding 15 seconds vh_k (pk) 
max. (cathode positive) is allowed to rise to 410V. Between 15 and 45 
seconds after switching on a decrease in vh_k (pk) max. (cathode positive) 
proportional with time from 410 to 250V is permissible. 

7 . The metal band (B) should be connected directly to the chassis in an a. c. 
receiver operating from an isolating transformer, or via a suitable 
leakage path in an a. c. /d. c. receiver. 

8 . T':~e dynamic convergence to be effected by currents of approximately 
parabolic waveshape synchronised with scanning. 

APRIL 1969 
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442max 
101 5 

X 406 5min t2~5 

Permiss Ible 
contact area 

Determined byyy~ plane 
of the upper edge of the 
step on the referent¢ 
line gauge when the 
gauge is resting on 
the con¢ 

~ Diagonal opening 
of metal rimband 
=4725 min. 

Eccentricity with 
respect to centre 
of screen 1 5max. 

t 283.6 
±5 

90 
min. 

t

165 
±8 

448 
±9 5 

►I 254max. 

  358 5max. 

~  318 min. 

Recessed cavity 
connector CT8 

~,~ a3+a4 

~~ 

f 
101 
t5 

Neck dia 36 5**-16 

Al l dimensions in mm 
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COLOUR TELEVISION 
TUBE 

3095 
min. 

396 
min. 

Useful screen area 

Radial pole 
pieces 

Internal magnetic shield 

Location of radial convergence 
pole pieces viewed from 
screen end of guns 

All dimensions in mm 

APRIL 1969 

>~11 
(Mntlard 

V 

A49- I I X 

459 
min 

B7415 
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96847 

39.1 
±2 •p 

21.6 
±2 0 

10.2±2.0 

1 

38.5 
t2.5 

Dim¢nslons of metal band 

502.5 max 

476max diagonal 

409 max. axis 

 ƷƷ 

r 

major 

Op¢ning of 
rim band 

C¢m¢nt 

_2 max 
(m¢niscus) 

M¢tal rim band 

326 max. 
min.o~ 
axis 

On¢ of th¢ four lugs may d¢viat¢ 2mm max. 
from th¢ plan¢ through th¢ thr¢¢ oth¢r lugs 
This d¢viation is incorporat¢d in th¢±2 5 
tol¢ranc¢. 

Al l dim¢nsions in mm 

APRIL 1969 

3max 

RIM DETAIL 

;/~ 
40min. 

Centre o~ 
scr¢¢n ~ 

87416 
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COLOUR TELEVISION 
TUBE 

3.O 

 24 

1 ~ 12:03~ 8.5~ ia. 

i 
30 25 

12 
f 03 

1 

1G rad. ~ 

A49- I I X 

3~Odia. hole for 
connection to 
rimband. 

Minimum space to be reserved for mounting lugs =37mm. 
Mounting lug 

r 

331 

413 

T¢mplat¢ for mounting bolts 

All dim¢nsions in mm 

APRIL 1969 
M``~lla/Jrd 

V 

50 rad. 

87746 

"the bolts to be used for 
mounting the tube must 
be ~cithin the circles of 

8.5mm diameter sho~cn 

iu the template dra~~~ing. 
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~B7830 

44+45 

tq3  

171.5 ± 0.3 dia 

158.75±0.3 dia 

150.33 dia 

56.54 dia 

3790 dia 
29.21 R 

13 7.16 

Reference line gauge 

Metal rimband 

Magnetic shield 

Deflection coil 
Radial convergence 

assembly 
Purity magnet 
Lateral convergence 

magnet 

Outline of tube with components 

APRIL 1969 

~~ 
(Ml`nlla~ra 

V 

* 19.36 
•65 

*1~2 

R¢f. I ine 

6789 

128.32 R 

* These dimensions 
define extent of 
29.21 R 

Permanent magnet 

External magnet 

Magnetic flux 

Magnetic shield 

Radial pole pieces 

Radial convergence system 

Al l dimensions in mm 
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COLOUR TELEVISION 
TUBE A49- I I X 

U °3+°4 

B 
kB 

g a1B 

12 
NP 

a2 

NP 

9G - a1R 

h 

kR ~ Horizontal 
c¢ntr¢ lin¢ 
of scr¢¢n 

R 

kG a1G 

As J. E.D. E.C. B12-244 Bas¢ 
but with short¢r spigot 

30°

Gr¢¢n gun 

Blu¢ gun 

30°

Vi¢w looking fro m bas¢ 

~ h 

APRIL 196J 

Horizontal 
c¢ntr¢ lin¢ 
of scr¢¢n 

R¢d gun 

°1B 

9 B 

\49-11X Page 11 



A49-11X 
 L~ 1  i 

14 0 
Whit¢ 

brightness 
cd~m2

(nits ) 

120 

100 

80 

so 

4p 

20 

0 

Scanned area 396x 309.5mm 

 Colour co-ordinatesx=0.281 
Y= 0.311 

;---

~_ 

0 200 400 600 800 
Total current(~A) 

1000 

BRIGHTNESS AT CENTRE OF SCREEN PIATTED AGAINST TOTAL CURRENT 
FOR WHITE OF COLOUR COORDINATES x=0.281, y=0.311 
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COLOUR TELEVISIONI 
TUBE 

=a3+ag10 

(mA) ZO 

5.0 

3.0 

1.0 
0.7 

o.s 

0.3 

0.1 
10 30 50 70 100 300 1000 

Video drive voltage from raster cut-off 

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE 
GRID MODULATION 

A49- I I X 

~ A49-'11X 
Grid modulation 

Va3+a4 -20 ~ 27.5kV 
~~~~~~~~1~~ 

~~Ili~~~~~~illllll 
~~~ ~I~I,u■■ 

~ ~~~i iii 
r% I~~i 

~~ ~i/■■■ 

Raster cut-off ~-200V 
Raster cut-off = -150V 
Raster cut-off = - 100V 
Raster cut-off = - 50V 

___..... ___..... ~~.■■■■. ~~~■■■■~ 

Ia3+a4 
10 

(mA) 

5. 

3. 

1~ 

7. 

5. 

3.~ 

O. 
10 30 50 70 100 300 1000 

Video drive voltage irom' raster cut-off 

~ A49 -11X ~~~~~~~---~~ 
~ Cathode modulation ~~~~~~~~~~~ 

~ Va3+a4'20 to 27.5kV ,,__..■,,,, 

~~~ ~~iiii~~~~iiiii 
SCl/fi/ I~~fata~~~~■fa~~fa I 
i~II/~I111 ■■■~~~~■■■■■ 

~ s~'I/I'/I■■1~~~~■■■■■ 
~_,~/,/~~~~ Raster cut-off=-200V ■ 

Raster cut-off --150V t 
Raster cut-otf--OOV 
Raster cut-off= -50V 

I 
i,,,~/~~~~~ 

' ~~ 
~I,~^I'~%II/ 

FINAL ANODE CURRENT PLOTTED AGAINST CATHODE-TO-GRID 
VOLTAGE. CATHODE MODULATION 

APRIL 1969 A49-11X Page 13 



200 

170 

150 

125 

100 

75 

50 

25 
0 

11 

t 

200 400 600 

CUT-OFF DESIGN CHART 

APRIL 1969 

~~ 
M~~alla/~rd 

\/ 

S00 Val (V) 

A49-11X Page 14 



TELEVISION TUBE A50-120W~R 

QUICK REFERENCE DATA 

50cm (20in) direct viewing television tube with metal backed screen 

and reinforced envelope. A separate safety screen is not required. 

Suitable for use in receivers with push-through presentation. This 
tube is fitted with a ring trap base. 

Deflection angle 110 deg 

Focusing Electrostatic 

Light transmission (approx.) 45 % 

Maximum overall length 319 mm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -TELEVISION PICTURE TUBES 

HEATER 

Suitable for series or parallel operation 

Vh

The limits of heater voltage and current are contained in 'General Operational 
Recommendations -Television Picture Tubes. 

300 

6.3 V 

mA 

Note -applies to series operation only 

The surge heater voltage must not exceed 9.5V r.m.s. when the supply is 
switched on. A current limiting device may be necessary in the circuit, to 

ensure that this voltage is not exceeded. 

OPERATING CONDITIONS 

Vat+a4 
20 20 kV 

Va3 (focus electrode control range) 0 to 400 0 to 400 V 

Val 400 500 V 

V for visual extinction of focused raster 
g 

-40 to -77 -50 to -93 V 

*Vk for visual extinction of focused raster 36 to 66 45 to 80 V 

*For cathode modulation, all voltages are measured with respect to the 

grid. 

APRIL 1969 
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SCREEN (metal backed) 

Fluorescent colour White 

Light transmission (approx.) 45 

Useful screen area See page 6 

FOCUSING (Electrostatic) 

The range of focus voltage shown in 'Operating Conditions' results in opti-
mum overall focus at a beam current of 250µA. In general, acceptable 
resolution will be obtained with a fixed focus voltage. 

DEFLECTION (Magnetic) 

Diagonal deflection angle 110 deg 
Horizontal deflection angle 98 deg 
Vertical deflection angle 81 deg 

The deflection coils should be designed to provide apull-back of 4.Omm on 
a nominal tube. 

CAPACITANCES 

cg
-all 

c
k-all 

cat+a4-M 

cat+a4-B 
EXTERNAL CONDUCTIVE COATING 

7.0 pF 

5.0 pF 

1100 to 1600 pF 

500 pF 

This tube has an external conductive coating, M, which must be connected 
to chassis, and the capacitance of this coating to the final anode is used to 
provide smoothing for the e.h.t. supply. The electrical connection to this 
coating must be made within the area specified on the tube outline drawing. 

RING TRAP 

For flashover protection to the receiver, parallel spark gaps are included 
for all the pins in the base of this tube, and the common connection is made 
to pin 5. These spark gaps are intended as part of a system for full flashover 
protection. A direct connection must always be made from pin 5 to the 
external conductive coating. Any electrode supplied directly from a high 
energy source (such as the H.T. line) should be provided with a series 
resistor. 

RASTER CENTRING 

See note under this heading in 'General Operational Recommendations-
Television Picture Tubes. 

Centring magnet field intensity 0 to 800 A/m 

Maximum distance of centre of 
centring field from reference line 57 mm 

Adjustment of the centring magnet should not be such that a general reduc-
tion in the brightness of the raster occurs. 

REFERENCE LINE GAUGE 

J. E.D. E.C. 126. For details see 'General Operational Recommendations-
Television Picture Tubes. 

APRIL 1969 

~l > 
(a~t~ral

A50-120W/R Page 2 



TELEVISION TUBE A50-120W/R 

MOUNTING POSITION 

Any. The tube socket should not be rigidly mounted but should have flex-
ible leads and be allowed to move freely. The bottom circumference of the 
base shell will fall within a circle of 40mm diameter which is centred on 
the perpendicular from the centre of the face. 

This tube is fitted with a pin protector in order to avoid damage to the 
glass base due to bending of the base pins whilst handling the tube. 

It is advisable to keep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

Vat+a4 
max. (at 

Ia2+a4
-0) (see note 1) 20 kV 

Vat+a4 
min. 13 kV 

+Va3 
max. 1.0 kV 

-Va3 max. 500 V 

Val max. 700 V 

Val min. 350 V 

-vg(pk) 
max. (see note 2) 400 V 

-Vg max. (see note 3) 150 V 

tla3 max. 25 µA 

tIal 
max. 5 µA 

Vh-k (see note 4) 

Cathode positive 

d.c. max. 250 V 
pk max. 300 V 

Cathode negative 

d.c. max. 135 V 
pk max. 180 V 

Rh-k max. l.t MS2 

Zk-e max. (f=50Hz) 100 kS2 

R max. 1.5 MS2 g-k 
Z max. (f=50Hz) 500 kS2 

g-k 

APRIL 1969 
Mullard 
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NOTES 

1. Adequate precautions should be taken to ensure that the receiver is pro-
tectedfrom damagewhich may be caused by a possible high voltage flash-
over within the cathode ray tube. 

2. Maximum pulse duration 22% of one cycle with a maximum of 1.5ms. 

3. The d.c, value of bias must not be such as to allow the grid to become 
positive with respect to the cathode, exceptduringtheperiod immediately 

after switching the receiver on or off when it may be allowed to rise to 

+2V. 

It is advisable to limit the positive excursion of the video signal to +5V (pk) 

max. This may be achieved automatically by the series connection of a 
1Ok12 resistor. 

4. Duringan equipment warm-up period not exceeding 15 seconds vh-k(pk) 
max. (cathode positive) is allowed to rise to 410V. Between 15 and4 
seconds after switching on, a decrease in vh-k(pk) max• (cathode positive) 
proportional with time from 410V to 250V is permissible. 

5. The metal band (B) should be connected directly to the chassis in an a. c. 
receiver operating from an isolating transformer, or via a suitable leak-
age path in an a.c./d.c. receiver, for example 2.OMS2. 

The mounting lugs will be in electrical contact with the metal band. 

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 20kV. 

WEIGHT 

Tube alone (approx.) 8.5 
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TELEVISION TUIBE ASO-120W/R 

434 max 
 425±2 
(bulb) 

Metal band B 

Extarnal conductive 
tooting M 

i 
A~ -_

f ~ ~ ~ 202.5 

  m8 

j► R¢t nn¢  rnax 1  

Entl of Uos¢ly 
COntr011¢d ton¢ 

44.5 j 
* j  18.1 

T fM~tarmin¢d by the plan¢ 
of tha upper ¢tlg¢ of the 
slap on the referent¢ line 
gouge J.E.QEG.126 when the 
gauge is resting on the mn¢ 

941R 

8 

312.5 
±6~5 

1Y' 

351 max. 

, 341.5±2 
(bulb) 

8; ~.~.~-.~ 
~!~~~/ 

R¢cass¢d cavity 
caxfactor C78 

+1.07 
Neck dia 28.6_Q•8

6 
min 
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All dimensions in mm 
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308 
min. 

10' 

Bulb dim¢nsions 
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~~ 
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V 

Us¢ful scr¢¢n 
ar¢a shown 
shad¢d. 

All dim¢nsions In mm 
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TELEVISION TUBE A50-120W~R 

89686 

Anode 
contact 

side 

351 
max 

434 max 

441 max 

09

~o 

60 
min 

* 140_~J 
~ max 

Maximum radii of the 
outside of tension band 
=nominal bulb radius +4 

fY Th¢ clip is located 
within these dimensions, 
Total thickness Of 
rimband, tension band 
and clip = 8 max. 

Centre of 
screen 

I 
30.2 
±2.0 17.5 

I ±2.0 

3' 6 R 

*zo ~Z 
~~ 

13 min 
~~
' 1 

ciip-~ j 
z . 1 

1 

45 
± 2.5 

29.5 
+1.0 

172.3 
± 3.2 
t0 

Ref. line 

1 

52 
max 

~~~ 1 1 

/ C¢m¢nt 

6 min 
(straight 
portion ) 

On¢ 01 the tour lugs may deviate 
2mm max from the plan¢ through the other thr¢~ lugs 

~~Distance from point Z to any metal ports 

All dimensions ~in mm 
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TELEVISION TUBE A50-120W~R 
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~B 8165 

23 Hole 3.0 dia. for 
¢arth connection to 

rimband. 
3 O 12 

±O.3 

~ 35 12
I
.5 - 

1 

Mounting lug 

~ Minimum space to be reserved for mounting lug -39 

•Odin. 

12 
± 0.3 

331 

The bolts to be used for mounting 
the tubes must be within the 
circles of 8.O mm diameter 
shown in the template drawing. 

All dimensions in mm 

Template for mounting bolts 
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TELEVISION TUBE ASO-120W~R 
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TELEVISION TUBE A50-120W JR 
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LIMITS OF CATHODE-TO-GRID CUT-OFF VOLTAGE PLOTTED 

AGAINST FIRST ANODE-TO-GRID VOLTAGE. 

CATHODE MODULATION 
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COLOUR TELEVISION 
TUBE 

TENTATIVE DATA 

A56- 120X 

QUICK REFERENCE DATA 

56cm (22in) rectangular shadow-mask colour television tube incor-
porating three guns and a metal-backed three-colour phosphor dot 
screen. 
Advanced red phosphor, europium activated. 
Increased white brightness. 
Unity current ratio for white point x = 0.281, y = 0.311 
Temperature compensated shadow-mask maintains purity during 
warm-up. Shadow-mask optimised for minimum moire effect on 
625 line system. 
Reinforced tube envelope-separate safety screen not required. 

Deflection angle 92 deg 

Focusing Electrostatic 

Light transmission (approx.) 53 % 

Maximum overall length 482 mm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -TELEVISION PICTURE TUBES 

HEATER 

I

Vh (see note 1) 

h 
The limits of heater voltage and current are contained in General Operational 
Recommendations -Television Picture Tube. 

6.3 

900 

V 

mA 

OPERATING CONDITIONS (each gun) 

Va3+a4 
25 kV 

Vat (focus electrode control range) 4.2 to 5.0 kV 

V (at V = -100V for visual extinction 
al 

of focused raster) 210 to 495 V 

Vg (at Val = 300V for visual extinction 
of focused raster) -65 to -135 V 

*Light output at screen centre 
(at I

a3+a4 - 
800µA) 120 cd/m2(nits) 

*To produce white of colour co-ordinates 
x = 0.281, y = 0.311 with a focused 

raster size of 447 x 337mm. 

~1 
 (Mallard  
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SCREEN 

Metal backed 

Phosphor types for separate fluorescent colours: 

Red Europium activated rare earth 

Green Sulphide 

Blue Sulphide 

Useful screen area See page 7 

Spacing between centres of adjacent 
phosphor dot triads (approx.) 0.68 

Light transmission (approx.) 53 4b 

FOCUSING 

Electrostatic 

mm 

DEFLECTION 

Magnetic 

Diagonal deflection angle 92 deg 

Horizontal deflection angle 79 deg 

Vertical deflection angle 61 deg 

CONVERGENCE 

Magnetic 

CAPACITANCES (approx.) 

cg
-all 

(each gun) 

c 
(kR+kG+kB) -all 

ckR -all 

ckG -all 

ckB -all 

cat-all 

ca3+a4-M 

ca3+a4-B 

EXTERNAL CONDUCTIVE COATING 

7.0 pF 

15 pF 

5.0 pF 

5.0 pF 

5.0 pF 

7.0 pF 

1700 to 2300 pF 

400 pF 

This tube has an external conductive coating, M, which must be connected 
to chassis, and the capacitance of this coating to the final anode is used to 
provide smoothing for the e.h.t. supply. The electrical connection to this 
coating must be made within the area specified on the tube outline drawing. 

REFERENCE LINE GAUGE 

See page 10 
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COLOUR TELEVISION 
TUBE 

MOUNTING POSITION 

A56- 120X 

Any. The tube socket should not be rigidly mounted but should have flexible 
leads and be allowed to move freely. The bottom circumference of the base 
shell will fall within a circle of 55mm diameter which is centred upon the 
perpendicular from the centre of the face. 

MAGNETIC SHIELDING 

Magnetic shielding must be provided to minimise the effects of extraneous 
magnetic fields, includingthe earth's magnetic field. This shielding, in the 
form of a metal shell extending 250mm over the cone of the tube measured 
from the centre of the screen, should be constructed of cold-rolled mild 
steel of 0.5mm minimum thickness . The magnetic shield should be connected 
to the outer conductive coating. See page 10 for physical dimensions. 

RATINGS (DESIGN CENTRE SYSTEIVI) 

Va3+a4 
max. (absolute rating) (see notes 2 and 3) 27.5 kV 

Va3+a4 
min. (absolute rating) (see note 4) 20 kV 

Ia3+a4 
(long term average max. for three guns: 
see note 5) 1.0 mA 

Vat max. (see note 3) 6.0 kV 

val(pk) 
max. 1.0 kV 

-V max. 400 V 
P 

Vb max. 0 V 
~i 

Vh-k max. (see note 6) 

Cathode positive 

d.c. max. 250 V 
pk max. 300 V 

Cathode negative 

d.c. max. 135 V 
pk max. 180 V 

R max. 750 kSt 
g-k 

  ~Mnllard  
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EQUIPMENT DESIGN VALUES (each gun if applicable) 

Valid for V
a3+a4 - 20 to 27.5kV 

Vat 16.8 to 20% of 
Va3+a4 

Val see page 14 

V see page 14 
g 

Variation in cut-off voltage between guns Minimum value is at least 
65% of the maximum value. 

~.~ 

Ia2

Ial

I at V = -150V 
g g 

To produce white of colour 
co-ordinates: 

Percentage of total anode current 
supplied by each gun (typical) 

x 
y 

0.310 
0.316 

-15 to +15 

-5 to +5 

-5 to +5 

0.265 0.281 
0.290 0.311 

µA 

µA 

µA 

Red gun 43.5 27.9 32.2 % 

Green gun 30.0 34.9 35.6 % ~"'~ 

Blue gun 26.5 37.2 32.2 % 

Ratio of cathode currents 

Red gun to green gun min. 1.05 0.60 0.65 

ay. 1.45 0.80 0.90 

max. 2.00 1.10 1.25 

Red gun to blue gun inin. 1.20 0.55 0.75 

ay. 1.65 0.75 1.00 

max. 2.25 1.05 1.35 

Maximum electron beam shift 
required from purity magnets 10.115 mm 

Maximum required raster shift 113 mm 

Maximum lateral convergence shift 
of blue beam with respect to the 
converged red and green beams f6 mm 

Maximum radial convergence shift, 
excluding effects of dynamic convergence 
(each beam) f9 mm 

WEIGHT 

Tube alone (approx.) 15 kg 

APRIL 1969 A56-120X Page 4 
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COLOUR TELEVISIO~J 
TUBE 

NOTES 

A56-120X 

1. For maximum cathode life, it is recommended that the heater supply be 
regulated at 6.3V. 

2. The tube does not emit X-radiation above the internationally accepted 
maximum dosage rate if it is operated from an e.h.t. source supplying 
an absolute maximum voltage of 27.5kV at zero beam current and with 
an internal impedance ?500ksZ. 

3. Adequate precautions should be taken to ensure that the receiver is 
protected from damage which may be causal by a possible high voltage 
flashover within the cathode ray tube. ffi view of the high voltage on a2, 
adequate precautions should be taken to ensure freedom from flashover 
on all connections to this electrode. 

4. Operation at lower voltages impairs brightness and resolution and may 
have a detrimental effect on colour purity. 

5. The limiting value "long term average maximum current" of 1.OmA will 
be met provided a device is incorporated in the circuit to limit the short 
term average current to 1.5mA. 

6 . In order to avoid excessive hum the a. c . component of Vh_k shoukl be as 
low as possible (~20Vr.m.s.) 

During an equipment warm-up period not exceeding 15 seconds "h-k k) 
max. (cathode positive) is allowed to rise to 410V. Between 15 and 45 
seconds after switchingonadecreasein vh_k(pk) max. (cathode positive) 
proportional with time from 410 to 250V is permissible. 

7. The metal band (B) should be connected directly to the chassis in an a. c. 
receiver operating from an isolating transformer, or via a suitable 
leakage path in an a.c./d.c. receiver. 

8. The dynamic convergence to be effected by currents of approximately 
parabolic waveshape synchronised with scanning. 

APRIL 1969 
~Mullard 
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OUTLINE DRAWING 
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+ g.5 
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Reference line 
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Radial convergence 
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II. 
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~81 

~_ 

76 

i 

II 
Yl 

386 max 
379.8±2(bulb) 

a3+a4 

~ w 

37max A=~~~~ 

8 min ,,~~ ~'~ 

External conductive 
coating (M ) 

1 

Reference line 

Determined by the plane 
of the upper edge of the 
step on the reference 
line gauge when the 
gauge is resting on the 
cone 
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COLOUR TELEVISION 
TUBE 

i 

R2 7 

Useful Screen area within 
dotted line. 

6.0 

510 max 

447min 

A56- 12OX 

i 

All dimensions in mm 

Bulb dimensions 

120 

14.8 R 

Radial pole pieces 

7.3 r Internal magnetic shield 

Location of radial convergence 

pole pieces viewed from 
Screen end of guns, 
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392 
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496 max 

Dimensions of rimband 

887731 
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COLOUR TELEVISION 
TUBE 

88543 

3.5 14 
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7.5~ 

Hole for earth 
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rimband 

Mounting lug 

Minimum space to be reserved for mounting lugs= 40mm 

Template for mounting bolts 

370 

t

All dimensions in mm 

APRIL 1969 

The bolts to be used 
for mounting the tub¢ must 
be within th¢ circles of 
9.5 mm diameter shown 
in the template drawing. 
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88468 
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Deflection coil 
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76 
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COLOUR TELEVISION 
TUBE 
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COLOUR TELEVISION 
TUBE 
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N '- < O 07 O0 B O O < OI ~ O V ~O < O M N A m '- O 

b 

d 

N 01 
N M 

N 

A ~ 

E 
d N 
C ~ C 

O 
d ~ CA 
U m i0 

E ~ 
o, 

` M 
OJ ~ 

c m 
O] 

0 O 
m 

O 

~ N 00 in b N m 0 0 {7 N ~m~y  0p N m ~ ~ M M 

r W A 0~ N M< V~ t00 ~ ~I  r W 00 OD ON i 00 i Of O O O 
 N N N 

W N .- m m N ~ r O m ~ N N ~ < A W g N 

~ OD Omi O M  N (? O ud'~ ~D b r NW GO m T O O O N 
Q ~O ~O 

rn m D7 O Q f0 O O b m ~ ~ in d r in 00 m ~ t0 O N 

~ 00 T 0  N M V N tD ~~ W OOi  O O  O  N N M M l7 O V 
N N N N N N N N N N 

O~ O M O V O 0 0 V m O m '- b tD ~ ~ ~O t0 r 0 0 0 

r Er D T O N m O~~ r W Oe i O ~~ N m O V~ N H i(1 
N N N N N N N N N N N 

N O b 0J N r W m e r D7 O Ql O r 0 0 LL'1 r O d N r 

~ Or 0 N r N t7 O u0') Irtl h Or D O~ O~ N~ O C N t0 tOL) ~ b 
 N N N N N N N N N N N 

O V O N ~ 00 N m N OD ~ N ~ r 0 ~ 0 O N b tp O O 

W r 0~ 0 r m O 
O~ 0~ 0  N nmJ 

r 
N  

O N r a 00
OD O N m V 0 ~O r  

N N N N N N N N 0y N N N 

N V N fD r N O m N T< ip b 0 0 m d< m T O O O 

n CO O r N tOOI < i(01 ~ 000 Oi O .- N m a d i00 f b r OG OD to 
  N N N N N N N N N N N N 

a N O CA ~ O t0 N O! r N ~(] in m P v tL) t0 V T 00 r N 

r m 8 ~ N M< N ~ OD OI O ~ N m<~ ~0(] tMp b W O0 W 
N N N N N N N N N N N N 

rn ~~omr r M r r O O m m ~ b A O O m ~ ~D O W 

n W O ~ N M Q X00 h 00 OMi O W N m V~ i[Oi t0D n OD OND W 
N N N N N N N N N N N N 

N~ O ~ t0 O N O O u) 00 m h W A tt) O A O W N r N 

OI r < <D O ^ m m m N O O V7 < fT m a elf r 00 O W N H b ~ O O N M< 
N 

N O V7 
N N N N N N N N N N N 

O~ O b ~- C1~ ~ r W t0 r N N O0 O 00 N A N r m O O 

r W O ~ N O N b r 00 A  O ~ N N C O u0'1 N iD tm0 ~~ 
N N N N N N N N N N N N 

am.-oo~ieer inrmammmoorNa~c~ 

~ W O~ N  O ~[N9 ~O r~~  O O 
r ~A 

Nf~] 
W~~ m O 

N N N N N N N N N N N N 

OI r O N N O m< 00 fC O (O m m W ~ O m ~(l Y9 N b ~ 

r W O ~ M O N~ ti  00 00 i m O~ ~ N m M V~~ V d 
N N N N N N N N N N N 

O N T r m 0 0 r m c ~ V0 b N m ~< LL'9 N V V m m 0 OI 

O p O+ r m 00 N m m N 0 D7 b n 0 V1 N O N m m 
J OJ r OD O ~ th O i[f b r m OD O~ ~- N N M M v< a< 

N N N N N N N N N N N 

IV 
- v 

u e 

E« 6 1~ N<~ OD O M  Q ID CO 
~< ld~J N 

m
~ O m m~~ b N 

~ N m O N ~O r m O~ O ~ N m 0 i(f tL) r 00 W
 O^  N N 

APRIL 1969 

[( ~f  

M``ullalJrd 

V 

Al
l 
d
i
m
e
n
s
i
o
n
s
 i
n 
m
m
 

A50-120X Page 13 



140 

Whit¢ 
brightrass 

cd/m2

(nits) 

720 

100 

BO 

60 

4 

20 

A56 - 720X: - --
T

Scanned area=447x337mm 
Colour co-ordinates x=0.281 

y= O. 311 

200 400 600 800 1000 
Total curr¢nt(~A) 

BRIGHTNESS AT CENTRE OF SCREEN PLOTTED AGAINST TOTAL CURRENT 

FOR WHTrE OF COLOUR COORDINATES x=0.281, y=0.311 

APRIL 1969 A56-120X Page 14 



COLOUR TELEVISIOPI 
TUBE 
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TELEVISION TI~BE A59-IIW 

QUICK REFERENCE DATA 

59cm (23 in) direct viewing television tube with metal backed screen 
and reinforced envelope. A separate safety screen is not required. 
This tube is electrically identical to the A59-15W. 

Deflection 110 deg 

Focusing Electrostatic 

Light transmission (approx.) 50 % 

Maximum overall length 36.7 cm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -CATHODE RAY TUBES, which precede this section 
of the handbook. 

HEATER 

Suitable for series or parallel operation 

Vh 6.3 V 

Ih 300 mA 

The limits of heater voltage and current are contained in'General Operational 
Recommendations -Cathode Ray Tubes' . 

Note - (applies to series operation only). The surge heater voltage must 
not exceed 9.5V r.m.s. when the supply is switched on. A current limiting 
device may be necessary in the circuit, to ensure that this voltage is not 
exceeded. 

OPERATING CONDITIONS 

Va2+a4 20 20 kVE—

Va3 (focus electrode control range) 0 to 400 0 to 400 V 

Val 400 500 V 

V for visual extinction of focused raster 
g 

-40 to -77 -50 to -93 V 

*Vk for visual extinction of focused raster 36 to 66 45 to 80 V 

*For cathode modulation, all voltages are measured with respect to the 
grid. 
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SCREEN 

Metal backed 

Fluorescent colour White 

Light transmission (approx,) 50 

Useful screen area see page D6 

FOCUSING 

Electrostatic 

%~- ~.J 

The range of focus voltages shown in 'OPERATING CONDITIONS' results 
in optimum overall focus at a beam current of 250µA. E—

DEFLECTION 

Double magnetic 

The deflection coils should be designed so that their internal contour is 
in accordance with J. E,D, E, C. gauge 126, and should provide a pull-
back of 4mm on a nominal tube. 

CAPACITANCES 

cg
-all 

6.0 pF 

ck-all 
4.0 pF 

ca2+a4-M 
1700 to 2500 pF 

ca2+a4-B 
350 pF 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating M, which must be earthed, 
andthecapacitanceofthistothe final anode is used to provide smoothing 
for the e.h,t. supply, The tube marking and warning labels are on the 
side of the cone opposite the final anode connector and this side should 
not be used for making contact to the external conductive coating. 

RASTER CENTRING 

See note under this heading in'General Operational Recommendations -
Cathode Ray Tubes'. 

Centring magnet field intensity 0 to 10 Gs 

Maximum distance of centre of 
centring field from reference line 57 mm 

Adjustment of the centring magnet should not be such that a general 
reduction in brightness of the raster occurs. 

REFERENCE LINE GAUGE 

J. E.D. E. C. 126. For details see 'General Operational Recommenda-
tions -Cathode Ray Tubes'. 
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TELEVISION TI~BE A59-IIW 

MOUNTING POSITION Any 

The tube socket should not be rigidly mounted but should have flexible leads 
andbeallowed to move freely. The bottom circumference of the base shell 
will fall within a circle of 40mm diameter which is centred upon the 
perpendicular from the centre of the face. 

Thistubeisfittedwitha pin protector in order to avoid damage to the glass 
base due to bending of the base pins whilst handling the tube, 

Itis advisabletokeep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

/"~ 

RATINGS (DESIGN CENTRE SYSTEM) 

Va2+a4 
max. (at 

Ia2+a4 = 
U) (see note 1) 20 kV E—

Va2+a4 
min. 13 kV 

+Va3 
max. 1.0 kV 

-Va3 max. 500 V 

~a3(pk) 
max. (see note 2) 2.5 kV 

Val max. 700 V 

Val min. 35U V 

-vg(pk) max. (see note 2) 400 V 

-V max. (see note 3) 150 V 
g 

tIa3 max. 25 µA 

}Ial 
max. 5 µA 

Vh-k (see note 4) 

Cathode positive 

d.c. max. 250 
J

pk max. 300 V 

Cathode negative 

d.c. max. 135 V 

pk max. 180 V 

Rh-k max, 1.0 MS2 

Zk-e max. (f = 50c/s) 100 kSt 

R max. 1.5 MS2 
g-k 

Z max. (f = 50c/s) 500 k5t 
g-k 

FEBRUARY 1966 
M``nllalJrd 

V 
Page D3 



1. Adequate precautions should be taken to ensure that the receiver is 

protected from damage which may be caused by a possible high voltage 
flashover within the cathode ray tube. 

2, Maximum pulse duration 22% of one cycle with a maximum of 1.5ms. 

3. The d.c. value of bias must not be such as to allow the grid to become 

positive with respect to the cathode, except during the period immediately 

after switching the receiver on or off when it may be allowed to rise to 

+2V . 

It isadvisabletolimitthepositiveexcursionofthe video signal to +5V(pk) 
max. This may be achieved automatically by the series connection of a 
lOkSt resistor. 

4. Duringan equipment warm-up period not exceeding 15 seconds v}1_k(pk) 
max. (cathode positive) is allowed to rise to 410V. Between 15 and 45 
seconds after switchingonadecreasein vh_k(pk) max. (cathode positive) 
proportional with time from 410V to 250V is permissible. 

5. The metal band (B) must be connected to the chassis via a 2MS2 resistor. 

Soldering tags are provided for this purpose. 

The mounting lugs will not necessarily be in electrical contact with the 
metal band. 

WARNING F . 

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 20kV . 

WEIGHT ~ 

Tube alone 13 kg 

28.7 lb 
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TELEVISION TUIBE 

Ext¢rnai 
conductive 
coat i ny 

~l
D¢tarminad by th¢ plan¢ 
of th¢ upper ¢dga of the 
rafar¢nca'lin¢ gaug¢ 
J.E:D.E.C. 126 when the 
gouge is resting on th¢ 
cone. 

Recessed cavity 
conn¢ctor CT8 

i Eccentricity with 
rospect to centre 
of screen 1•Smax 

FEBRUARY 1966 
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~~ ~~ 10° 
10° 

NP 
a3 

al 

9 

I 
B8H Base 
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TELEVISION TUBE A59- I I W 

(V 
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55.8 R 

1223R 

400R 1528R 

A 

578 max diagonal 

C¢mant 

t 566 min(Phosphor screen)—~-_

s 

4.2 d i e 

Ona of th¢ }our tugs 
700R 

may deviate 2mm max 
from th¢ plan¢ through the 
three oth¢r lugs. This 
d¢viation is incorporated in 
tha !2.5 tolerance. 

503 max major _ _ 
axis 

400max mini 

3 max 

67 9 — 

514 --

All dim¢nsions in mm 
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V 

axis 
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rim band 
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Metal rim band 

RIM DETAIL 

620R 

1012 R 

4 8 6 —+ 

A~B~C~ 
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TELEVISION TUBE A59-IIW 
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T¢mplat¢ for mounting bolts 

370.5 

All dim¢nsions in mm 

FEBRUARY 1966 

 l 
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V 

Mounting 

lug 

0 
The bolts to be used for 
mounting the tube must 
be within the circles of 
9.5mm diameter shown 
inthe template drawing. 
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i TELEVISION TIyBE 
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Cathod¢ modulation 
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TELEVISION TUBE 
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TELEVISION TUBE A59-15W 

~ ~ 
QUICI: REFERENCE DATA 

59cm (23in) direct viewing tele~~ision tube with metal backed screen. 
This tube is electrically identical to the A59-11W. 

Deflection 110 deg 

Focusing Electrostatic 

Light transmission (approx.) 50 % 

Maximum overall length 36.7 cm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -CATHODE RAY TUBES, which precede this section 
of the handbook. 

HEATER 

Suitable for series or parallel operation 

i

Vh

h 

6.3 V 

300 mA 

The limits of heater voltage and current are contained in'General Operational 
Recommendations -Cathode Ray Tubes'. 

Note - (applies to series operation only). The surge heater voltage must 
not exceed9.5Vr.m.s. when the supply is switched on. A current limiting 
device may be necessary in the circuit, to ensure that this voltage is not 
exceeded. 

OPERATING CONDITIONS 

Va2-ta4 
20 20 kV 

Va3 (focus electrode control range) 0 to 400 0 to 400 V 

Val 400 500 V 

V for visual extinction of focused raster 
g 

110 to -77 -50 to -93 V 

*Vk for visual extinction of focused raster 36 to 66 45 to 80 V 

*For cathode modulation, all voltages are measured with respect to the 
grid . 
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SCREEN 

Metal backed 

Fluorescent colour White 

Light transmission (approx.) 50% 

Useful screen area see page D6 

FOCUSING 

Electrostatic 

The range of focus voltages shown in 'OPERATING CONDITIONS' results 
in optimum overall focus at a beam current of 250µA. 

DEFLECTION 

Double magnetic 

The deflection coils should be designed so that their internal contour is 

in accordance with J. E.D. E. C. gauge 126, and should provide a pull-

back of 4mm on a nominal tube. 

CAPACITANCES 

cg-all 

° k-all 

ca2+a4-M 

EXTERNAL CONDUCTIVE COATING 

6.0 pF 

4.0 pF 

1700 to 2500 pF 

This tube has an external conductive coating M, which must be earthed, 
and the capacitance of this to the final anode is used to provide smoothing 
for the e. h, t. supply. The tube marking and warning labels are on the 
side of the cone opposite the final anode connector and this side should 
not be used for making contact to the external conductive coating. 

RASTER CENTRING 

See note under this heading in 'General Operational Recommendations -
Cathode Ray Tubes'. 

Centring magnet field intensity 0 to 10 Gs 

Maximum distance of centre of 

centring field from reference line 57 mm 

Adjustment of the centring magnet should not be such that a general 

reduction in brightness of the raster occurs. 

REFERENCE LIATE GAUGE 

J. E. D. E. C. 126. For details see 'General Operational Recommenda-

tions -Cathode Ray Tubes'. 

~1 
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TELEVISION TUBE A59-15W 

MOUNTING POSITION Any 

The tube socket should not be rigidly mounted but should have flexible 
leads and be allowed to move freely. The bottom circumference of the 
base shell will fall within a circle of 40mm diameter which is centred 
upon the perpendicular from the centre of the face. 

This tube is fitted with a pin protector in order to avoid damage to the 
glass base due to bending of the base pins whilst handling the tube. 

It isadvisabletokeepthispinprotectoronthebaseuntilit can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va2+a4 
max. (at 

Ia2+a4 = 0) (see note 1) 20 kV 

Va2+a4 
nun. 13 kV 

+Va3 
max. 1.0 kV 

-Va3 max. 500 V 

~a3(pk) 
max. (see note 2) 2.5 kV 

Val max. 700 V 

Val min. 350 V 

-vg(pk) 
max. (see note 2) 400 V 

-Vg max. (see note 3) 150 V 

tla3 max. 25 µA 

}Ial 
max. 5 µA 

Vk 
k 

(see note 4) 

Cathode positive 

d,c. max. 250 V 

pk max. 300 V 

Cathode negative 

d. c. max, 

pk max, 

135 

180 

V 

V 

Rh k 
max. 1.0 MSZ 

Zk~ max. (f = 50c/s) 100 k12 

R max. 
g-k 

1.5 MSZ 

Z max, (f = 50c/s) 
g-k 

500 kst 
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1. Adequate precautions should be taken to ensure that the receiver is 
protected from damage which may be caused by a possible high voltage 
flashover within the cathode ray tube. 

2. Maximum pulse duration 22% of one cyc1E with a maximum of 1.5ms. 

3. The d.c. value of bias must not be such as to allow the grid to become 
positive with respect to the cathode, except during the period immediately 
after switching the receiver on or off when it may be allowed to rise to 
+2V. 

It is advisableto limit the positive excursion of the video signal to +5V(pk) 
max. This may be achieved automatically by the series connection of a 
lOkSl resistor. 

4. Duringan equipment warm-up period not exceeding 15 seconds vh_k(pk) 
max. (cathode positive) is allowed to rise to 410V. Between 15 and 45 
seconds after switchingonadecreasein vh-k(pk) ~• (cathode positive) 
proportional with time from 410V to 250V is permissible. 

WAR,I~7ING 

X-ray shielding is advisable to give protection against possible danger of 
personal injury arisingfrom prolonged exposure at close range to this tube 
when operated above 20kV. 

WEIGHT 

Tube alone 
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TELEVISION TUBE 

IIR 

c~ 
+i 
to 

Ref. line _ 

Determin¢d by 
th¢ plane of the 
upper edge of the 
reference line 
gauge J.E.D.E.C.126 
when the gauge 
is resting on the 
cane. 

I 

520.5 ± 3.2 

A59-15W 

See detail •A•

M 
~ i 

~ / / 
i . /, t 

\ -'—=' 

- 7 -

28.6 +o 
a7 

 O~ 

cp 
ǅ~ 

fh 

Ext¢rnal 
conductiv¢ 
coating 

419±3 2 —~., 

Recessed 
cavity 
connector 
CT8 

~ Th¢ maximum 

fine gauge 

130 
min 

value is 

I 

a2+a4 

End of closely 
controll¢d zone 

determined by the reference 

All dim¢nsions in mm 
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B8H Base 

a3 

a1 

k h h 

All dimensions in mm ~.~' 

G~ 
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TELEVISION TUBE A59-15W 

3°

IIR 

1 

-~--- — r — 

Mould match line 

700R 

szo•s±3.2 

1012 R 

620R 

1 
\~ 600R 

~ 67.9 

48.6 

~+ 51.4 

External screen radii 

Detail 'A' 

0 
E 
0 
e 

Mould match line 

SPlica line 

c 
~E 

t~ 

r 

tUndisturDed araa between 
line and splice line 

All dimensions in mm 

le4aatl 

The bulge at the splice line seal 
may increase the indicated max-
imum values for envelope width, 
diagonal and height by not more 

than 3.2mm, but at any point 
around the seal, the bulge will not 
protrude morethan 1.6mm beyond 
the envelope surface at the mould 
match line. 
The mounting arrangement should 
be designed such that for satis-

I.6max factoryclampingitdoesnotdepend 
7• on the presence of a bulge at the 

splice line. 
The undisturbed area between 

moved matcn mould match line and splice line is 
15mm minimum. This should be 
the width of the tubesupportband. 
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90° 80° 

See fig I. 
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Diagonal 
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TELEVISION TUBE A59-15W 
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TELEVISION TUBE A59-15W 

A59-15W 84975 
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TELEVISION TUBE A59-15W 
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TELEVISION TUBE A59-23W 

TENT • TIVE DATA 

QUICK FERENCE DATA 

59cm (23in) direct viewing to evision tube with metal backed screen 

and reinforced envelope. A separate safety screen is not required. 

This tube is electrically identi al to the A59-11W . Suitable for use in 

receivers with push-through resentation. 

Deflection 110 deg 

Focusing Electrostatic 

Light transmission (approx.) 50 % 

Maximum overall length 36.7 cm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -CAT ODE RAY TUBES 

HEATER 

Suitable for series or paralle operation 

I

Vh

h 
The limits of heater voltage an ' current are contained in 'General Operational 
Recommendations -Cathode ' •y Tubes'. 

Note - (applies to series opera ion only) . The surge heater voltage must not 
exceed 9.5V r.m.s, when t e supply is switched on. A current limiting 
device may be necessary in the circuit, to ensure that this voltage is not 
exceeded. 

6.3 V 

300 mA 

OPERATING CONDITIONS 

Va2+a4 
20 20 kV 

Va3 (focus electrode contr•1 range) 0 to 400 Oto400 V 

Val 400 500 V 

V for visual extinction of focused raster 40 to -77 -50 to -93 V 
g 

*Vk for visual extinction of focused raster 36 to 66 45 to 80 V 

*For cathode modulation, all voltages are measured with respect to the 
grid. 

MAY 1967 
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SCREEN 

Metal backed 

Fluorescent colour White 

Light transmission (approx.) 50 

Useful screen area See page D6 

°~ 

FOCUSING 

Electrostatic 

The range of focus voltages shown in 'OPERATING CONDITIONS' results 

in optimum overall focus at a beam current of 250µA. 

DEFLECTION 

Magnetic 

Diagonal deflection angle 110 deg 

Horizontal deflection angle 99 deg 

Vertical deflection angle 82 deg 

The deflection coils should be designed to provide apull-back of 4.Omm on 
a nominal tube. 

CAPACITANCES 

cg-all 

ck-all 

ca2+a4-M 

ca2+a4-B 

EXTERNAL CONDUCTIVE COATING 

6.0 pF 

4.0 pF 

1700 to 2500 pF 

350 pF 

~./ 

`„~ 

This tube has an external conductive coating, M,, which must be connected 
to chassis, and the capacitance of this coating to the final anode is used to 
provide smoothing for the e.h.t. supply. The electrical connection to this 
coating must be made within the area specified on the tube outline drawing. ~,+~ 

RASTER CENTRING 

See note under this heading in 'General Operational Recommendations -
Cathode Ray Tubes'. 

Centring magnet field intensity 0 to 10 Gs 

Maximum distance of centre of 
centring field from reference line 57 mm 

Adjustment of the centring magnet should not be suchthat a general reduction 
in brightness of the raster occurs. 

REFERENCE LINE GAUGE 

J. E.D. E. C. 126. For details see'General Operational Recommendations -
Cathode Ray Tubes'. 
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TELEVISION TUBE AS9-23W 

MOUNTING POSITION 

Any, The tube socket should not be rigidly mounted but should have flexible 
leads and be allowed to move freely. The bottom circumference of the base 
shell will fall within a circle of 40mm diameter which is centred upon the 
perpendicular from the centre of the face. 

This tube is fitted with a pin protector in order to avoid damage to the glass 
base due to bending of the base pins whilst handling the tube. 

It is advisabletokeep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va2+a4 
max. (at Ia2+a4-0) (see note 1) 20 kV 

Va2+a4 
min. 13 kV 

~a3 
max 

~ 
1.0 kV 

-Va3 max. 500 V 

~a3(pk) 
max, (see note 2) 2.5 kV 

Val max. 700 V 

Val min. 350 V 

-v max. (see note 2) 400 V 
g (Pk) 

-Vg max. (see note 3) 150 V 

fla3 max, 25 µA 

}Ial 
max. 5 µA 

Vh 
k 

(see note 4) 

Cathode positive 

d.c. max. 250 V 

pk max. 300 V 

Cathode negative 

d.c. max. 135 V 

pk max. 180 V 

Rh-k max. 1,0 MS2 

Zk~ max. (f=50Hz) 100 kSt 

R max. 1.5 MS2 g-k 
Z max. (f=50Hz) 500 kSt 
g-k 

MAY 1967 
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NOTES 

1. Adequate precautions should be taken to ensure that the receiver is pro-
tectedfromdamagewhichmaybecausedbyapossible high voltage flash-
over within the cathode ray tube. 

2. Maximum pulse duration 22% of one cycle with a maximum of 1.5ms. 

3. The d.c. value of bias must not be such as to allow the grid to become 
positivewithrespecttothecathode, exceptduringtheperiod immediately 
after switching the receiver on or off when it may be allowed to rise to 
+2V. 

It is advisableto limit the positive excursion of the video signal to +5V (pk) 
max. This may be achieved automatically by the series connection of a 
lOkSl resistor. 

4. Duringan equipment warm-up period not exceeding 15 seconds vh-k(pk)) 
max. (cathode positive) is allowed to rise to 410V. Between 15 ancr45 
seconds after switching on, a decrease in vh-k(pk) max. (cathode positive) 
proportional with time from 410V to 250V is permissible. 

5. The metal band (B) should be connected directly to the chassis in an a, c. 
receiver operatingfrom an isolatingtransformer, or via a suitable leak-
age path in an a.c./d.c. receiver. 

The mounting lugs will be in electrical contact with the metal band. 

WARNING 

X-ray shielding is advisable to give protection against possible danger of 
personal injuryarisingfrom prolonged exposure at close range to this tube 
when operated above 20kV. 

WEIGHT 

Tube alone (approx.) 13 kg 
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TELEVISION TUBE A59-23W 
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TELEVISION TUBE A59-23W 

~~ 

B8H Bas¢ 

~i 
428 403 
max. max. 

t_ 

7imens ions of metal band. 

- ~ 190max. y ~ 
~Er110min.-

528~Smax 

551 max 

a3 

at 

k h h 

>k The clips are located 
within these dimensions, 
Total thic kness of rimband, 
tension bands and clip 

= 8.O max. 

Nominal radii of tension 
band =bulb radius~2•Smm 

centre of 
screen 

43.7 
:2.5 

~2.p 
23.7 

12~ 
a 

38.5 
:2.5 

1I 215 
~4~C..p~ 

—~ 

2~~ The location of 
max• /points X,Y,Z are 

~ shown on the 
Cement bulb dimensions 

~ drawing 

56 
max. 

/ I 
 Bulb mould match line 

~

I
' / 

One of the four ugs may deviate 2mm max. All dimensions in mm 
from the plane through the three other lugs. 
This deviation is incorporated in the :2.5 tolerance 
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TELEVISION TUBE AS9-23W 

A59-23W 
84975 
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Grid modulation 
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FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE. 
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TELEVISION TUBE A59-23W 
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TELEVISION TUBE A59-23W/R 

QUICK REFERENCE DATA 

59cm (23in) direct viewing television tube with metal backed screen 

and reinforced envelope. A separate safety screen is not required. 
This tube is fitted with a ring trap base but in all other respects is 
electrically identical to the A59-11W. Suitable for use in receivers 
with push-through presentation. 

Deflection angle 110 deg 

Focusing Electrostatic 

Light transmission (approx.) 45 

Maximum overall length 367 mm 

This data should be read in conjunction with 
GENERAL OPERATIONAL RECOMMENDATIONS -CATHODE RAY TUBES 

HEATER 

Suitable for series or parallel operation 

Vh

Ih

6.3 V 

300 mA 

The limits of heater voltage and current are contained in 'General Operational 
Recommendations -Cathode Ray Tubes'. 

Note - (applies to series operation only) .The surge heater voltage must not 
exceed 9.5V r.m.s. when the supply is switched on. A current limiting 
device may be necessary in the circuit, to ensure that this voltage is not 
exceeded. 

OPERATING CONDITIONS 

Vat+a4 
20 20 kV 

Va3 (focus electrode control range) 0 to 400 0 to 400 V 

Val 400 500 V 

V for visual extinction of focused raster 
g 

-40 to -77 -50 to -93 V 

*Vk for visual extinction of focused raster 36 to 66 45 to 80 V 

*For cathode modulation, all voltages are measured with respect to the 
grid . 

SCREEN (Metal backed) 

Fluorescent colour 

Light transmission (approx.) 

Useful screen area 

FEBRUARY 1969 
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FOCUSING (Electrostatic) 
The range of focus voltages shown in 'OPERATING CONDITIONS" results 
in optimum overall focus at a beam current of 250µA. In general, acceptable 
resolution will be obtained with a fixed focus voltage. 

DEFLECTION (Magnetic) 

Diagonal deflection angle 110 deg 

Horizontal deflection angle 99 deg 

Vertical deflection angle 82 deg 

The deflection coils should be designed to provide apull-back of 4.Omm on 
a nominal tube. 

CAPACITANCES 

cg
-all 

c
k-all 

cat+a4-M 

cat+a4-B 

EXTERNAL CONDUCTIVE COATING 

7.0 pF 

5.0 pF 

1700 to 2500 pF 

450 pF 

This tube has an external conductive coating, M, which must be connected 
to chassis, and the capacitance of this coating to the final anode is used to 

provide smoothing for the e.h.t. supply. The electrical connection to this 

coating must be made within the area specified on the tube outline drawing. 

RING TRAP 

For flashover protection to the receiver, parallel spark gaps are included 

for all the pins in the base of this tube, and the common connection is made 

to pin 5. These spark gaps are intended as part of a system for full flashover 

protection. A direct connection must always be made from pin 5 to the 

external conductive coating. Any electrode supplied directly from a high 

energy source (such as the H.T. line) should be provided with a series 

resistor . 

RASTER CENTRING 

See note under this heading in 'General Operational Recommendations -

Cathode Ray Tubes'. 

Centring magnet field intensity 0 to 800 A/m 

Maximum distance of centre of 
centring field from reference line 57 mm 

Adjustment of the centring magnet should not be such that a general reduc-
tion in brightness of the raster occurs. 

REFERENCE LINE GAUGE 

J. E. D. E. C. 126. For details see'GeneralOperationalRecommendations-

Cathode Ray Tubes'. 
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TELEVISION TUBE A59-23W/R 

MOUNTING POSITION 

Any. The tube socket should not be rigidly mounted but should have flexible 
leadsandbeallowed to move freely. The bottom circumference of the base 
shell will fall within a circle of 40mm diameter which is centred upon the 
perpendicular from the centre of the face. 

Thistubeisfittedwitha pin protector in order to avoid damage to the glass 
base due to bending of the base pins whilst handling the tube. 

It is advisable to keep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va2+a4 
max. (at 

Ia2+a4 
-o) (see note 1) 

Va2+a4 
min. 

+V „max. 
a., 

-Va3 max. 

Val 
max. 

Val min. 

-vg(Pk) 
max. (see note 2) 

-V max. (see note 3) 
g 

tla3 max. 

tIal max. 

Vh-k (see note 4) 

Cathode positive 

d.c. max. 
pk max. 

Cathode negative 

d.c. max. 
pk max.. 

Rh-k max. 

Zk-e max. (f=50Hz) 

R max. 
g-k 

Z max. (f=50Hz) 
g-k 

FEBRUARY 1969 

20 kV 

13 kV 

1.0 kV 

500 V 

700 V 

350 V 

400 V 

150 V 

25 µA 

5 µA 

250 V 
300 V 

135 V 
1S0 V 

1.0 MSl 

100 kSt 

1.5 MS2 

500 kS2 
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NOTES 

1. Adequate precautions should be taken to ensure that the receiver is pro-
tectedfromdamagewhichmaybecausedbya possible high voltage flash-
over within the cathode ray tube. 

2. Maximum pulse duration 22% of one cycle with a maximum of 1.5ms. 

3. The d.c. value of bias must not be such as to allow the grid to become 
positivewithrespecttothecathode, except during the period immediately 
after switching the receiver on or off when it may be allowed to rise to 
+2V. 

It is advisableto limitthe positive excursion of the video signal to +5V(pk) 
max. This may be achieved automatically by the series connection of a 
lOkSt resistor. 

4. During an equipment warm-up period not exceeding 15 seconds vh-k(pk)) 
max. (cathode positive) is allowed to rise to 410V. Between 15 ancr45 
seconds after switching on, a decrease in vh-k(pk) max• (cathode positive) 
proportional with time from 410V to 250V is permissible. 

5. The metal band (B) should be connected directly to the chassis in an a. c. 
receiver operatingfromanisolatingtransformer, orviaa suitable leak-
age path in an a.c./d.c. receiver, for example 2.OMS2. 

The mounting lugs will be in electrical contact with the metal band. 

WARNING 

X-ray shielding is advisable to give protection against possible danger of 
personal injuryarisingfrom prolonged exposure at close range to this tube 
when operated above 20kV. 

WEIGHT 

Tube alone (approx.) 13 

~~ 
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TELEVISION TI~BE A59-23W/R 
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620 R 
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X51.4.. ~a514~ 
External scre¢n radii 
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,—. 

205.3 
± 5.0 
to R¢f. 

line i 

TELEVISION TUBE 

B8H Bas¢ 

403 
max 

110 
min 
190max 

 551 max 

Dimensions of metal band 

A59-23W/R 

66
9 

~O t 03 ~ ~ 
o+

43.7 
*z•s 

3° 11 R 

23.7 ~—
±z•o 12.3 

12 ~. s I~ 
38.5 

mm / -1 
±p•g 

~ ~/~ 2•D /The location o1 
maX points X Y, Z are 

/ shown on the 
bulb dimensions 

Cement drawing. 

i ~ 

One of the four lugs may deviate 2mm max from the 
pion¢ through the three other lugs. This deviation is 
incorporated In the ±2.5 tolerant¢. 

2.5 
Clip'̂

\~~u~V 

54 
max ~9.5 

a3 

al 

k h h 

Th¢ clip is located 
within these dimensions 
Total thickness of rimband, 
tension band and clip 
X8.0 max 

Max radius of outside 
of tension band = bulb 
radius +4 mm 

Centre of 
screen 

I ~ 
Bulb mould match  line 

I 
1 

C'

~ ~Y Distance from point 2 to any metal parts 
All dimensions in mm 

I~~la~al
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TELEVISION TUBE A59-23W/R 
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3 O—~ 14 
+p 3 ' 

~ 35 20 14 
t0.3 

5-0ratl. 

Minimum spdc¢ to b¢ r¢s¢rv¢d for mounting lug = 44 

Mounting lug 

522.0 

370.5 

Template for mounting Dolts. 

All oim~roion3 in mm. 
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3.Odia bola for 
earth connution 
to rim ban d. 

50 ratl. 

TM belts to- [K uscD !01' 
mounting the tube must 
be within the circles o/ 
9~Smm tliamcter shown 
in tYu: ttmplatc Drawing. 

A59-23W/R Page 10 



TELEVISION TUIBE A59-23W/R 

A59-23 W/R 
84975 

I I ' l 1 I ! 

Grid modulotion 

I 1_ 

Vol+oq =13 to 20kV 

 0 
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h/ 

O 
V~ 

~'1 

V9 V) -60 -40 -20 O 

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE. 
GRID :MODULATION. 
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Cothod¢ modulotion 

84979 

I I I I 
Vol+a4=13 to 20kV 

L 
O 

~~ 

O 
~L 

O 20 40 60 Vk(V) 

FINAL ANODE CURRENT PLOTTED AGAINST CATHODE-TO-GRID 
VOLTAGE. CATHODE MODULATION. 

FEBRUARY 1969 

~1 
M``alla~rd 

V 
A59-23W/R Page 12 



TELEVISIOIN TUBE A59-23W/R 
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  A 59-23 W/R 

Cathod¢ modulation 

 ~u2•a4 =13 to20kV 

84977 

I I

~~ 

400 600 800 Va1_y (v) 

LIMITS OF CATHODE-TO-0RiD CUT-0FF VOLTAGE PLOTTED 
AGAINST FIRST A ODE-TO-GRID VOLTAGE. 

CATHOD MODULATION. 
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-100 
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84976 

Grid modulation 

I I I

Vat+aq = 13t020kV 

200 400 600 800 V,~lv) 

LIMITS OF GRID CUT-0FF VOLTAGE PLOTTED AGAINST FIRST 
ANODE VOLTAGE. GRID MODULATION. 
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TELEVISION TUBE A61- 120W~R 

TENTATIVE DATA 
~. 

/~ 

QUICK REFERENCE DATA 

61 cm (24in)direct viewing television tube with metal backed screen 
and reinforced envelope. A separate safety screen is not required. 
Suitable for use in receivers with push-through presentation. This 
tube is fitted with a ring trap base. 

Deflection angle 110 deg 

Focusing Electrostatic 

Light transmission (approx.) 42 % 

Maximum overall length 370 mm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -TELEVISION PICTURE TUBES 

HEATER 

Suitable for series or parallel operation 

Vh

Ih

The limits of heater voltage and current are contained in 'General Operational 
Recommendations -Television Picture Tubes. 

6.3 V 

300 mA 

Note -applies to series operation only 

The surge heater voltage must not exceed 9.5V r.m.s. when the supply is 
switched on. A current limiting device may be necessary in the circuit, to 
ensure that this voltage is not exceeded. 

OPERATING CONDITIONS 

Vat+a4 
20 20 I<V 

Va3 (focus electrode control range) 0 to 400 0 to 400 V 

Val 400 500 V 

V for visual extinction of focused raster 
g 

-40 to -77 -50 to -93 V 

*Vk for visual extinction of focused raster 36 to 66 45 to 80 V 

*For cathode modulation, all voltages are measured with respect to the 
grid . 

SCREEN (metal backed) 

Fluorescent colour 

Light transmission (approx. ) 

Useful screen area 

APRIL 1969 

42 

White 

See page 6 
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FOCUSING (Electrostatic) 

The range of focus voltage shown in 'Operating Conditions' results in opti-
mum overall focus at a beam current at 250µA. 

DEFLECTION (Magnetic) 

Diagonal deflection angle 110 deg 
Horizontal deflection angle 98 deg 
Vertical deflection angle 81 deg 

The deflection coils should be designed toprovide a pull-back of 4.Omm on 
a nominal tube. 

CAPACITANCES 

og-all 

ok-all 

oa2+a4-M 

oat+a4-B 

EXTERNAL CONDUCTIVE COATING 

7.0 

5.0 

1700 to 2500 

600 

pF 

pF 

pF 

pF 

This tube has an external conductive coating, M, and in accordance with 
the General Operating Recommendations this should be connected directly 
to pin 5 and not to chassis. The electrical connection to this coating must 
be made within the area specified on the tube outline drawing. The capaci-
tance of this coating to the final anode is used to provide smoothing for the 
e.h.t. supply. 

RING TRAP 

For flashover protection of the receiver, parallel spark gaps are included 
for all the electrodes in the base of this tube, and the common connection 
is made to pin 5. These spark gaps are intended as part of a system for 
full flashover protection. A direct connection must always be made from 
pin 5 to chassis, and the external conductive coating returned to chassis 
only via pin 5, using short leads. Any electrode supplied directly from a 
high energy source (such as the h.t. line) should be provided with a series 
resistor. 

RASTER CENTRING 

See note under this heading in 'General Operational Recommendations -
Television Picture Tubes'. 

Centring magnet field intensity 0 to 800 A/m 

Maximum distance of centre of 
centring field from reference line 57 mm 

Adjustment of the centring magnet should not be such that a general reduc-
tion in the brightness of the raster occurs. 

REFERENCE LINE GAUGE 

J. E.P. E.C. 126. For details see 'General Operational Recommendations-
Television Picture Tubes'. 

APRIL 1969 
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TELEVISION TUBE A61-120W~R 

MOUNTING POSITION 

Any. The tube socket should not be rigidly mounted but should have flex-
ible leads and be allowed to move freely. The bottom circumference of the 
base shell will fall within a circle of 40mm diameter which is centred on 
the perpendicular from the centre of the face. 

This tube is fitted with a pin protector in order to avoid damage to the 
glass base due to bending of the base pins whilst handling the tube. 

It is advisable to keep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

Vat+a4 
max. (at Ia2+a4

=0) (see note 1) 20 kV 

Vat+a4 
min. 13 kV 

+Va3 
max., 1.0 kV 

-Va3 max. 500 V 

Val max. 700 V 

Val min. 350 V 

-vg(pk) 
max. (see note 2) 400 V 

-Vg max. (see note 3) 150 V 

tla3 max. 25 µA 

}Ial 
max' 5 µA 

Vh-k (see note 4) 

Cathode positive 

d.c. max. 250 V 
pk max. 300 V 

Cathode negative 

d.c. max. 135 V 
pk max. 180 V 

Rh-k max. 1.0 MSl 

Zk-e max. (f=50Hz) 100 kS2 

Rg-k max. 1.5 M4 

Z max. (f=50Hz) 500 kSt 
g-k 

APRIL 1969 A61-120W/R Page 3 



NOTES 

1. Adequate precautions should be taken to ensure that the receiver is pro-
tectedfrom damagewhichmay becaused by a possible high voltage flash-
over within the cathode ray tube. 

2. Maximum pulse duration 22% of one cycle with a maximum of 1.Sms. 

3. The d.c, value of bias must not be such as to allow the grid to become 
poaitivewithrespecttothecathode, except during the period immediately 
after switching the receiver on or off when it may be allowed to rise to 
+2V. 

It is advisable to limit the positive excursion of the video signal to +SV (pk) 
max. This may be achieved automatically by the series connection of a 
lOkSt resistor. 

4. Duringan equipment warm-up period not exceeding 15 seconds vh-k k) 
max. (cathode positive) is allowed to rise to 410V. Between 15 an ( 4 ) 
seconds after switching on, adecreaseinvh-k(pk)~x• (cathode positive) 
proportional with time from 410V to 250V is permissible. 

5. The metal band (B) should be connected directly to the chassis in an a.c. 
receiver operating from an isolatingtransformer, or via a suitable leak-
age path in an a.c./d.c. receiver, for example 2.OMS2. 

The mounting lugs will be in electrical contact with the metal band. 

WARNING 

X-ray shielding is advisable to give protection against possible danger of 
personal injuryarisingfrom prolonged exposure at close range to this tube 
when operated above 20kV. 

WEIGHT 

Tube alone (approx. ) 

APRIL 1969 
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TELEVISION TUBE A61-120W~R 

519.5 max 
512.5 ± 2 
(bulb) 

M¢tal band B 

Ext¢rnal contluctly¢ 
Cooling M 

1000 R 'I (spherical) 

a 
~1 - ~~l 

 y/\ /oi~~~ ///i~~%%%'
53 
- L  18.1 

I 
D¢t¢rmin¢tl by th¢ Plon¢~—
of th¢ upp¢r ¢tlg¢ o/ th¢ 
st¢p on th¢ r¢f¢ranc¢ Iin¢ 
gaug¢ J.ED.EC.126 wh¢n th¢ 
gauga Is r¢sting on th¢ mn¢ 

416.5 max 

409.5 ±2 

( bulb ) 

I 

252.1 
± 5.2 

100 362 
~ 1 

In ± e 
R¢i. Iln¢  40max 

Entl of CIoS¢ly 
COntrall¢tl ZOn¢ 

~, _ _ Gi 

~~~~-

R¢c¢ss¢d cavity 
conn¢ctor CTB ~ 130 

min 

.1 0~ 
Neck dia 28 6 _ O 8 

iv 

1Vlullatd 

o2+a4 

All dirnansions in mm 
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37S 
min 

Bulb dim¢nsions 

B8H Base 
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Us¢tul scr¢an 
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All dim¢nsions in mm 
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at 
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TELEVISION TUBE A61-120W~R 

419 
max 

523 max. 

612 max 

Dim¢nsions of 
metal band 

cantor of 
scraon 

11 min 

2a9.5 _lam 54 L t  4
± 3.2 to c, .~~., ~~ 

R¢f. Una 
max ? 
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~Be~es~ 

392 

23 

3-O 12 
±p.3 

'~35 125 -

Mounting lug 

~ Minimum space to be reserved for mounting lug -39 

Hole 3.O dia. for 
Borth connection to 

rimband. 

•pdia. 

t2 
± 0.3 

496  ~ 89732 

The bolts to be used for mounting. 
the tubes must be within the 
circles of 8O mm diameter 
Shown in the template drawing. 

All dimensions in mm 

Template for mounting bolls 

APRIL 1969 

4 holes 
~ 8~0 dia. 
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TELEVISION TUBE A61-120W~R 
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TELEVISION TUBE A61-120W~R 

A61-120W/R 

f l l l l l t

Grid modulotion 

I I I I I I IL_ 
02*~  .13 to20kV 

i 

88322 

~i

v9 (v) 

~ ~-

- 60 

t 

-40 

 ~' 

   n/ ~° 

r 

O~V  

-20 O 

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE. 
GRID DIODULATION. 

APRIL 1969 
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Iop+o4 
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I,2•a, 
(mA) 

2.5 

2.O 

I.5 

~•o 

0.5 

0 

88321 + + A61-h iOWi R 
i =!llliiilll   Cathode modulation 

: . 1 1 1 111 I I I 

yap+aqs 13 to 2OkV  

~• i i ~ i 1 

20 60 

FINAL ANODE CURRENT PLOTTED AGAINST CATHODE-TO-GRID 
VOLTAGE. CATHODE MODULATION. 

APRIL 19G9 
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A61-120W/R Page 12 



TELEVISION TUBE A61-12OW/R 

V
k-9 

(cu[-ofU 
(V) 

120 

,oa 

80 

A61-120 W/R 
84977 

Cathoda modulation 

60 

~o2,oq •13 to20kV 

200 600 800 vai_y (V) 

LIMITS OF CATHODE-TO-GRID CUT-OFF VOLTAGE PLOTTED 

AGAINST FIRST ANODE-TO-GRID VOLTAGE. 

CATHODE MODULATION. 

Mullard 
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Vy 
(cut-oft) 

(V) 

- 120 

-100 

-80 

-60 

40 

- 20 

A61 120 W/R 

I I I f l j

84978 

Grid modulation 

I I I I I I I I I

Va2;a4 = 13to20kV 

200 400 600 800 V„lV) 

LIMITS OF GRID CUT-OFF VOLTAGE PLOTTED AGAINST 
FIRST ANODE VOLTAGE. GRID MODULATION 
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COLOUR TELEVISION 
TUBE 

A63- I I X 

QUICK REFERENCE DATA 

63cm (25in) rectangular shadow-mask colour television tube incor-
porating three guns and ametal-backed three-colour phosphor dot 
screen. 
Advanced red phosphor, europium activated. 
Increased white brightness. 
Unity current ratio for white point x = 0.281, y = 0.311 
Temperature compensated shadow-mask maintains purity during 
warm-up. Shadow-mask optimised for minimum moire effect on 
625 line system. 
Reinforced tube envelope-separate safety screen not required. 

Deflection angle 90 deg 

Focusing Electrostatic 

Light transmission (approx.) 52 

Maximum overall length 531 mm 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS -TELEVISION PICTURE TUBES 

HEATER 

Vh (see note 1) 

h 

6.3 

900 

V 

mA 

The limits of heater voltage and current are contained in General Operational 
Recommendations -Television Picture Tubes. 

OPERATING CONDITIONS (each gun) 

Va3+a4 
25 kV 

Vat (focus electrode control range) 4.2 to 5.0 kV 

Val (at V = -100V for visualextinetion 
g 

of focused raster) 210 to 495 V 

Vg (at Val = 300V for visual extinction 

of focused raster) -65 to -135 V 

*Light output at screen centre 

(at Ia3+a4 = 800µA) 

*To produce white of colour co-ordinates 

x = 0, 281, y = 0.311 with a focused 

raster size of 50.4 x 39.6cm. 

APRIL 1969 

F 
F 
F 

90 ed/m2(nits) E -
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SCREEN 

Metal backed 

Phosphor types For separate fluorescent colours: 

Red Europium activated rare earth 

Green Sulphide 

Blue Sulphide 

Useful screen area (approx.) 1905 cm2

Spacing between centres of adjacent 
phosphor dot triads (approx,) 0,81 mmE 

Light transmission (approx.) 52 

FOCUSING 

Electrostatic 

DEFLECTION 

Magnetic 

Diagonal deflection angle 90 deg 

Horizontal deflection angle 79 deg 

Vertical deflection angle 62 deg 

CONVERGENCE 

Magnetic 

CAPACITANCES (approx,) 

cg
-all 

(each gun) 

c 
(kR+kG +kB) -all 

ckR-all 

ckG-all 

ckB-all 

cat -all 

ca3 +a4 - M 

ca3 +a4 - B 

EXTERNAL CONDUCTIVE COATING 

7.0 pF 

15 pF 

5.0 pF 

5.0 pF 

5.0 pF 

7.0 pF 

2000 to 2500 pF 

500 pF 

This tube has an external conductive coating, M, which must be connected 
to chassis, and the capacitance of this coating to the final anode is used to 
provide smoothing for the e.h.t. supply. The electrical connection to this 
coatingmustbe made within the area specified on the tube outline drawing. 

APRIL 1969 A63-11X Page 2 



COLOUR TELEVISIOIN 
TUBE 

REFERENCE LINE GAUGE 

See page 10. 

MOUNTING POSITION 

A63- I i X 

Any. Thetubesocketshouldnotberigidlymountedbutshouldhaveflexible 
leadsandbeallowed to move freely. The bottom circumference of the base 
shell will fall within a circle of 55mm diameter which is centred upon the 
perpendicular from the centre of the face. 

MAGNETIC SHIELDING 

Magnetic shielding must be provided to minimise the effects of extraneous 
magnetic fields, including the earth's magnetic field. This shielding, in the 
form of a metal shell extending 28cm over the cone of the tube measured 
from the centre of the screen, should be constructed of cold-rolled mild 
steel of0.5mmminimumthic~ess. The magnetic shieldshouldbe connected 
to the outer conductive coatin .See page 10 for physical dimensions. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va3+a4 
max. (absolute rating) (see notes 2 and 3) 27.5 kV 

Va3+a4 
min. (absolute rating) (see note 4) 20 kV 

Ia3+a4 
(long term average max, for three 

guns: see note 5) 

Vat max. (see note 3) 

val(pk) 
max. 

-V max. 
g 

V max. 
g 

Vh-k max. (see note 6) 

Cathode positive 

d.c. max. 

pk max. 

Cathode negative 

d.c. max. 

pk max. 

R max. 
g-k 

APRIL 1969 
Ml`nlla/lyd 

V 

1.0 mA 

6.0 kV 

1.0 kV 

400 V 

0 V 

250 V 

300 V 

135 V 

180 V 

750 k52 
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1 

EQUIPMENT DESIGN VALUES (each gun if applicable) 

Valid for 
Va3+a4 ' 20 to 27.5kV 

V~ 16.8 to 20% of 
Va3+a4 

Val See page 16. 

V See page 16. 
g 

Variation in cut-off voltage between guns Minimum value is at least 

65% of the maximum value. 

lag

lal 
I at V = -150V 
g g 

To produce white of colour x 

co-ordinates: y 

Percentage of total anode current 
supplied by each gun (typical) 

Red gun 

Green gun 

Blue gun 

Ratio of cathode currents 

Red gun to green gun min. 

ay. 

max. 

Red gun to blue gun min. 

ay. 

max, 

Maximum electron beam shift 
required from purity magnets 

Maximum required raster shift 

Maximum lateral convergence shift 
of blue beam with respect to the 
converged red and green beams 

Maximum radial convergence shift, 
excluding effects of dynamic convergence 
(each beam) 

WEIGHT 

Tube alone (approx. ) 

APR1L 1969 

V 

0.310 
0.316 

-15 to +15 

-5 to +5 

-5 to +5 

0.265 0.281 
0.290 0.311 

µA 

µA 

µA 

F 

E 

43.5 27.9 32.2 % 

30.0 34.9 35.6 % `/ 

26.5 37.2 32.2 % 

F 

1.05 0.60 0.65 

1.45 0.80 0.90 

2.00 1.10 1.25 

1.20 0.55 0.75 

1.65 0.75 1.00 

2.25 1.05 1.35 

10.13 mm 

t15 mm 

t6.5 mm 

t9.5 mm 

18.8 kg 

:~03-11N Page 4 
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COLOUR TELEVISION. 
TUBE 

NOTES 

A63- I I X 

1. For maximum cathode life, it is recommended that the heater supply be 
regulated at 6,3V. 

2. The tube does not emit X--radiation above the internationally accepted 
maximum dosage rate if it is operated from an e.h,t. source supplying 
an absolute maximum voltsige of 27.5kV at zero beam current and with 
an internal impedance ?500kffi. 

3. Adequate precautions should be taken to ensure that the receiver is 
protected from damage which may be caused by a possible high voltage 
flashover within the cathode ray tube. In view of the high voltage on a2, 
adequate precautions should be taken to ensure freedom from flashover 
on all connections to this electrode. 

4. Operation at lower voltages impairs brightness and resolution and may 
have a detrimental effect on colour purity. 

5. The limitingvalue "long ter average maximum current" of 1.OmA will 
be met provideda device is i corporated in the circuit to limit the short 
term average current to 1. xYA. 

6. In order to avoid excessive h the a . c. component of Vh_k should be as 
low as possible (<20V r.m. ). 

Duringan equipment warm-up period not exceeding 15 seconds vh_k(pk) 
max. (cathode positive) is llowed to rise to 410V. Between 15 and 45 

seconds after switchingona ecreasein vh_k(pk) max. (cathode positive) 
proportional with time from 410 to 250V is permissible. 

7 Themetalband (B) should be connected directly to the chassis in an a.c. 
receiver operating from isolating transformer, or via a suitable 
leakage path in an a.c./d.c t receiver. 

8. The dynamic convergence ~o be effected by currents of approximately 
parabolic waveshape synehrbnised with scanning. 

APRIL 1969 
Mullard 
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Permissible 
contact area 

Determined b~ plane 
of the upper edge of the 
step on the referent¢ 
line gauge when the 
gauge is resting on 
the con¢ 

Diagonal opening 
of metal rimband 

= 602 min. 
Eccentricity with 
respect to centre 
of screen=1.5max. 

556 max 

520; 5 m in 
113 
t3 

50 
max 

~ ~ 356 
~`- 120 t 5 

min 

521 
t9.5 Ref line 

~•-- ~  273 max 

450.5 max 

 ~409,min 

~_~_~ 
~►~ 876R~~~~ 

6~~ 

~~~~~,~ \ ►~0 ~ 
~'~ a3•a4 

\/ 

1 
165 
t8 

f

Recessed cavity 
connector CT8 

,o, 
t5 

Neck dia 365'-16 

All dimensions in mm 

APRIL 1969 

~1 
(M,lillard I 

V 

87413 
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COLOUR TELEVISION 
TUBE 

Us¢ful scr¢en ar¢a 

Radial pol¢ 
pi¢c¢s 

lnt¢rnal magn¢tic shi¢Id 

Location of radial conv¢rgence 
pol¢ pi¢c¢s vi¢w¢d from 
scr¢¢n ¢nd of guns 

All dim¢nsions in mm 

APRIL 1969 
Mallard 

A63- I I X 

86838 
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86847 

50.1 
t2.O 

I 

1 

27.4_ 
t2.O 

13.1 t2.0 

38.5 
t2.5 

2290R 38R 
310R 

Dimensions of metal band 

633max --. 
607.2max diagonal  ~.► 

528.25max mayor

r 

aXls 
Y 

145.3 

Opening of 

r rim band 
C¢m¢nt 

_2 max 
(meniscus ) 

Metal rim band 

419 max 
minory 
axes 

On¢ of the four lugs may deviate 2mm max. 
from the plan¢ through the three other lugs. 
This d¢viat ion is incorporated in the ±2 • 5 
tolerance. 

Al l dimensions in mm 

APRIL 1969 

3max 

RIM DETAIL 

Centre o~ 
screen 

87412 
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COLOUR TELEVISION 
TUBE 

ðƷ 

10R 

9.0 i~ ► 14+0 3 

37 3 O 

1 

A63- I I X 

86834 

~ ~- ~ 
.' ~~ 
~ 9'5 
~r .~ 
~\ dia 7 ---,

411 

Mounting lug 

517 

1 

14±0 3 

T¢mplat¢ for mounting bolts 

All dim¢nsions in mm 

APRIL 1969 

1 

The bolts to be used for 
mounting the tube must 
be within the circles of 
9.5mm diameter shown 
in the template drawing. 
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171.5"±0.3 

f dJ 158.75±0.3 

150.33 

~~~06~ 

56 54 

4445 
89 
t 0.3 

1 

37, 90 
47.47 

X13.6 
2565 ~9~36 

Ref. I ine 

6789 ~' 

29.21 R 

137.16 

Reference line gauge 

Metal rimband 

Magnetic shield 

Deflection coil 

Radial convergence 
assembly 

Purity magnet 

lateral convergence 
magnet 

10 max 

10~ 
i max 
~~ 280 

`~ Ref Iln¢ 

Jutlin¢ of tub¢ with components 

APRIL 1969 

~~ 

I ~``~lJ~ I 
V 

128.32 R 

• These dimensions 
define extent of 
29.21 R 

Permanent magnet 

External magnet 

Magnetic flux 

Magnetic shield 

Radial pole pieces 

Radial convergence system 

Al l dimensions in mm 
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A63- I I X COLOUR TELEVISION 
TUBE 

9B 
kB ~ 

NP 

a2 

NP 

gC' a1R 

o'j

° 3 +°4 

a1 B 
h 

3 0' 

kR ~ Horizontal 
c¢ntr¢ lin¢ 
of scr¢¢n 

gR 

kG o1G 
As J. E. D. E.C. B12-244 Bas¢ 
but with short¢r spigot 

30°

Gr¢¢n gun 

Blu¢ gun 

Vi¢w looking fro m bas¢ 

h h 

APRIL 1969 

Horizontal 
c¢ntr¢ lin¢ 
of scr¢¢n 

R¢d gun 

°18 

9g 
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B BB31 

Nominol distance 
of plane from 

point Z. 

67.1 
75'5 

95.5 
85.5 

105.5 
115.5 

125 5 
135.5 

145. 5 
155.5 

165.5 
175.5 

185.5 
195.5 

2055 
2155 

225 5 
235.5 
255.5 

245.5 

265 5 

0° 70°

riZ~~~~~~~~~ 

r ~r—__~ 

rZa~~I~~I—

rz~~~~~—
L~t®7~__—I~_I/ 

~=~~~ 

~7~ ~_  
►. 

LO 7~% 
r~ ~ /.% 

~O'~ 

45 
40
37°30 

diagonal 
32° 30 
30 

25 

20°

t0 

Reference Line 

All dimensions in mm 

MAXIMUM CONE CONTOURS 

APR.II. 1969 
~Mullard 

310.5 
max 
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COLOUR TELEVISIO~J 
TUBE 
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A63 -11X 
Whit¢ 

brightness 

cd~m2

(nits) 

120 

100 

4 i
Scanned area=504x396mm 

  Colour co-ordinates x = 0.281  
y ~ 0.311 — 

i 

80 

60 

40 

20 

200 
C 

400 600 B00 1000 
Total current (~A 

BRIGHTNESS AT CENTRE OF SCREEN AS A FUNCTION OF TOTAL CURRENT 
FOR WHITE OF COLOUR COORDINATES x=0.281, y=0.311 
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COLOUR TELEVISION 
TUBE 

I a3+ag10

(mA) 7.0 

5.0 

3.0 

1.0 
0.7 

0.5 

0.3 

O.1 
10 30 50 70 100 300 1000 

Video drive voltage from raster cut-off 

A63- I I X 

Grid modulation iii■~~iiiiii 

■■■IIIC~1►//■■111111 
~■Ili~~~~~■IINIII 

~/~~//;,;Raster cut-off ~-2oov ~ 
..,,~~~:;Rast¢r cut-ofi = -150V' 

,~.~~;::~Raster cut-off = - tOOV 1 
~~,~~,Raster cut-off = - 50V 

/llllll~■1111111 

Va3+a4 -20 to 27.5kV 

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE. 
GRID MODULATION 

Ia3+a4 10 

(mA) ZO 

5.0 

3.0 

1.0 

7.0 

5.0 

3A 

0.1 
O 30 50 70 00 300 1000 

Video drive voltage from raster cut-off 

A63-11 X  
- Cathode modulation 

Va3+aq'20 to 27.5kV .I _ 

- / 

`~ 

- ,,Raster cut-off=-200V 
Raster cut-otf --150V 

cut-off -- OOV - 
cut-off = - 50V 

- 
~~-Raster ~~ 

_ ~1,
~Raster 

FINAL ANODE CURRENT PLOTTED AGAINST CATHODE-TO-GRID 
VOLTAGE. CATHODE MODULATION 

APRIL 1969 
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200 

175 

150 

125 
0 

~ 100 
d 

0 ~ 75 

>°i 

~ 50 

25 

A63 -11X 
Va3+a4=20 to 27.5kV 

11 

J  

O 200 400 600 

CUT-OFF DESIGN CHART 

APRIL 1969 
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~ M`~~llafJrd 

V 

800 Va~(V) 
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TELEVISION TUBE A65-I IW 

MOUNTING POSITION 

The tube socket should not be rigidly mounted but should have flexible leads 
and be allowed to move freely. Thebottom circumference of the base shell 
will fall within a circle of 40mm diameter which is centred upon the perpen-
dicular from the centre of the face. 
This tube isfittedwitha pin protector in order to avoid damage to the glass 
base due to bending of the base pins whilst handling the tube. 
Itisadvisabletokeep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in any equipment. 

RATINGS (DESIGN CENTRE SYSTEM) 

Va2+a4 
max. (at 

Ia2+a4 = 
0) (see note 1) 20 kV 

Va2+a4 
min. 13 kV 

+Va3 
max. 1.0 kV 

-Va3 max. 500 V 

~a3(pk) 
max. (see note 2) 2.5 kV 

Val max. 700 V 

Val min. 350 V 

-vg(pk) max. (see note 2) 400 V 

-Vg max. (see note 3) 150 V 

tla3 max. 25 µA 

tI max. 
al 

5 µA 

Vh-k (see note 4) 

Cathode positive 

d.c. max. 250 V 

pk max. 300 V 

Cathode negative 

d.c. max. 135 V 

pk max. 180 V 

Rh-k max. 1.0 MSt 

Zk-e max. (f = 50c/s) 100 kSt 

R max. 
g -k 

1.5 MS2 

Z max. (f = 50c/s) 
g -k 

500 kSl 

FEBRUARY 1966 

~~ 
M``nllaJJrd 

V 
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1. Adequate precautions should be taken to ensure that the receiver is 
protected from damage which may be caused by a possible high voltage 
flashover within the cathode ray tube. 

2. Maximum pulse duration 22~ of one cycle with a maximum of 1.5ma, 

3. The d. c. value of bias must not be such as to allow the grid to become 
positive with respect to the cathode, except during the period immediately 
after switching the receiver on or off when it may be allowed to rise to 
+2V. 
It is advisable to limit the positive excursion of the video signal to 
+5V(pk) max. This maybe achieved automatically by theaerieaconnection 
of a lOkSt resistor. 

4. During an equipment warm~p period not exceeding 15 seconds vh-k(pk) 
max. (cathode positive) is allowed to rise to 410V. Between 15 and 45 
seconds after switching on a decrease in vh_k(pk) mast. (cathode pdaitive) 
proportional with time from 410V to 250V is permissible. 

5. The metal band (B) must be connected to the chassis via a 2MSt resistor, 
The mounting lugs have electrical contact with the metal band. 

WARNING 

X-ray shielding is advisable to give protection against possible danger of 
personal injury ariaingfrom prolonged exposure at close range to this tube 
when operated above 20kV . 

WEIGHT 

Tube alone 

FEBRUARY 1966 

~1 
~ 
M~~~lla~1

rd 

V 

18 kg 
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TELEVISION TUBE A65- I I W 

External 
conductive 
coating 

l`7 
ǅi 

~~ 

581.5 max 

~545min 
Metal band (B) 

~~ ~~ 
~~~~~~ 
~~)ǅ~ ~~~ 

~1 
D¢t¢rminad by th¢ plan¢ of the 
upper adg¢ of the r¢faranca 
lino gaug¢ JEpEC 126, wh¢n the 
gauge is r¢sting on th¢ cone 

Rac¢ssad cavity 
conn¢ctor CT8 

~'Ecc¢nthicity with 
r¢sp¢ct to c¢ntr¢ 
of scr¢¢n 1.5 max 

~ 89max 1 
to 
+i 
M 

af. lin¢ 

l 

N¢ck d is 2 8.6' o•a 

473.5max 

~431min 

End of clos¢ly controlled 
zon¢ 

All dimansio~s in mm. 

a~ 
M 

M 

~BSS63~ 
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TELEVISION TUBE A65-11 W 

tv 
+~ 

m 

N 
r+ +i 
+i m 
~ ~ 

~ N 

2.5 

N 

N 

384R 

C 18@7517 q 

6 2.2 R 

12231 
~ Ai

630 max diagonal 

676.5min(Phosphor scra¢n) 

Ona of tna four lugs 
may daviat¢ 2mm max 
from tha plena through the 
thr¢¢ oth¢r lugs. This 
d¢viation is Incorporated in 
th¢ =2 tol¢ranca. 

548.5max 
axis 

B5570~ 

Op¢ning of rim band 

C¢mant ~ 
3max 

major 

2max(maniscus) 

~M¢tal rim band 

RIM DETAIL 

437.5 max _~ 
minor axis 

82 4 - - 

All dimensions in mm 
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16 
15 
u 
13 

12 
71 
b 
9 
8 
7 
8 
S 
4 
3 
2 

Nominal distance 
of plane from 

point Z. 

623 
723 

823 
92.3 

1023 
1123 

122.3 
1323 

1423 
1523 

162-3 
1723 

1883 
1923 

202.3 
2123 

FEBRUARY 1966 

R¢tar¢nca Tina 

All dim¢nsions in mm 

MAXIMUM CONE CONTOURS 

~1 
~ a~l~uulazJa 

V 

2325 
max 
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TELEVISION TUBE A65-1 I W 
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~— 14tO.3 85569 

►~ p 9 5 
~ ~ dia 

1OR 

0 

v 

r 

M 
'? 

Mounting lug 

Tamplata for mounting bolts 

All dimansions in mm. 

FEBRUARY 1966 

t~l 
(Mallard 

V 

m 
The bolts to be used for 
mounting the tube must 
be within the circles of 
9.5mm diameter shown 
in the template drawing. 
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TELEVISION TUBE A65- I i W 

A65-11 W 84975 

I I I 1 
Grid modulation 

1 1 I I I I 

Vn2+nq cl3 to20kV 

V9 (v) -60 -40 -20 

 0 
h 
n/ 
0 

 O/ 

O 

FINAL ANODE CURRENT PIATTED AGAINST GRID VOLTAGE, 
GRID MODULATION. 

ia2+n4 
(mA) 

2.5 

20 

I.5 

10 

05 

O 
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Ia2+o4 
(m A) 

25 

20 

IS 

10 

05 

O 

A65-11 W 
B4979 

i t 
Cathoda modulotion 

I I I 
Vol+o4=13 to 20 kV 

r 

O 20 4p 60 Vk(V) 

FINAL ANODE CURRENT PLOTTED AGAINST CATHODE-TO -GRID 
VOLTAGE. CATHODE MODULATION. 
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TELEVISION TUBE A6S- I I W 

Vk-9 
(cut-off ) 
(V) 

120 

100 

so 

A65-11W 84977 

Cathoda modulation 

Va2.a4.13 to20kV 

~  ̂ .. 

" „ " „ 1,1„"1""„'~', ~a ~'1„", 
I~~.~ Illlilllilililllli li~ ~ llilllll 

.................... ff~1. 
~~~ry
i g~gU~~6

pp 
~tgpFfigg ~~gS 1qq
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~g~~55~5S~iW.e Pc 9~P

gP~....... 

................. a' .,~ :~~....... ................. ~QQ ! 1!1l~11liilll 
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,.~ -~: n 

3.:i %y:'. i' 
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T:.Y. 

Lii 
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:~':i cif ::'2':.~.u. 
;r.. ~.'.~; :::~:: 

~.,.:~: 
y:::': ,: ~: 

■■■■■..~ "~oc ■..■.■■■■■■.■.■.. 

~~ 

20 
200 400 600 800 Va1_9 N 

LINIITS OF CATHODE-TO-GRSD CUT-0FF VOLTAGE PLOTTED 
AGAINST FIRST ANODE-TO-GRID VOLTAGE. CATHODE 1VIODULATION. 
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(cut-off) 

(V) 

- 120 

-100 

-80 

-60 

40 

- 20 

A55-11 W 
84976 

I I

Grid modulation 

I 1 1 11 

Vat+aq = 13 to20kV 

.~ 

200 400 600 SOO V,~(V) 

LIMITS OF GRID CUT-0FF VOLTAGE PLOTTED AGAINST 
FIRST ANODE VOLTAGE. GRID MODULATION. 
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TELEVISION TUBE 
Direct viewing television tube with 21in. diagonal 
metal-backed rectangular grey glass screen. This 
tube is electrostatically focused and has a 110° 
deflection angle. An ion trap magnet is not required. 

AW53-89 

PRELIMINARY DATA 

This data should be read in conjunction with GENERAL OPERATIONAL 
RECOMMENDATIONS—CATHODE RAY TUBES, which precede this 
section of the handbook. 

HEATER 

Suitable for series or parallel operation. 

Vh

I h

6.3 V 

300 mA 

The limits of heater voltage and current are contained in 'General oper-
ational recommendations—cathode ray tubes' 

Note—(applies to series operation only). The surge heater voltage must 
not exceed 9.SV,..,n,s, when the supply is switched on. When used in a 
series heater chain a current limiting device may be necessary in the circuit 
to ensure that this voltage is not exceeded. 

EXTERNAL CONDUCTIVE COATING 

This tube has an external conductive coating, M, which must be earthed, 
and the capacitance of this to the final anode is used to provide smoothing 
for the e.h.t. supply. The tube marking and warning labels are on the side 
of the cone opposite the final anode connector and this side should not be 
used for making contact to the external conductive coating. 

CAPACITANCES 

cg ..all 

~k-all 

~a3-M 

SCREEN 

7.0 pF 

5.0 pF 

1850 pF 

Metal backed 

Fluorescent colour white 

Light transmission (approx.) 75 

Useful screen area see drawing on page D4 
~o 

FOCUSING 

Electrostatic 

The range of focus voltage shown in the curves results in optimum centre 
focus at a beam current of 100µA. 
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AW53-89 TELEVISION TUBE 

DEFLECTION 

Double magnetic 
For timebase designs the following spreads in the useful screen area should 
be considered 

Min. Max. 
Picture height 382.5 388 mm 
Picture width 484 490 mm 
Picture diagonal 514.5 520 mm 

The spread in the cone length can be obtained from the outline drawing. 
The deflection coils should be designed so that their internal contour is in 
accordance with JETEC gauge 126. 

REFERENCE LINE GAUGE 

JETEC 126. For details see •General operational recommendations—
cathode ray tubes'. 

RASTER CENTRING 

See notes under this heading in 'General operational recommendations—
cathode ray tubes'. 

Centring magnet field intensity 0 to 15 G 
Maximum distance of centre of centring field 

from reference line 57 mm 

Adjustment of the centring magnet should not be such that a general 
reduction in brightness or shading of the raster occurs. 

MOUNTING POSITION Any 

The tube socket should not be rigidly mounted but should have flexible 
leads and be allowed to move freely. The bottom circumference of the base 
shell will fall within a circle having a diameter of 40mm which is 
centred upon the perpendicular from the centre of the face. 
This tube is fitted with a pin protector in order to avoid damage to the 
glass base due to bending of the base pins whilst handling the tube. 
It is advisable to keep this pin protector on the base until it can be replaced 
by the socket after installation of the tube in an equipment. 

OPERATING CONDITIONS 
*Grid *Cathode 

modulation modulation 
Va3 16 16 kV 
Vat (focus electrode control nnge) 0 to 400 40 to 440 V 
Val 500 540 V 
Vg for visual extinction of 
focused raster —35 to —75 — V 

Vk for visual extinction of 
focused raster — 35 to 69 V 

~/ 

*For grid modulation, all voltages are measured with respect to the cathode; `~ 
for cathode modulation, all voltages are measured with respect to the grid. 

AUGUST 1960 (1) Pa`a D2 



~\ 

~\ 

TELEVISION TUBE AW53-89 

LIMITING VALUES (design centre ratings) 

Vaa max. 16 kV 

Vaa min. 13 kV 

+Vaz max. 750 V 

-Va2 max. 500 V 

Val max. 700 V 

Val min. 500 V 
-vgip~; i max. 400 V 
-Vg max. 150 V 
± la2 max. 15 µA 
± lal max. 5.0 µA 

tVh-k 

Cathode positive 
d.c. max. 200 V 
pk max. 300 V 

Cathode negative 

d. c. max. 125 V 
pk max. 250 V 

Rh- k max. 1.0 MS2 
Zk- e max. (f= 50e s) 100 kS2 
R~_k max. 1.5 MS2 
Zg- k max. (f=50c/s) 500 kS2 

*The d.c. value of bias must not be such as to allow the grid to become 
positive with respect to the. cathode, except during the period immediately 
after switching the receiver on or off when it may be allowed to rise to 
+1V. The maximum positive excursion of the video signal must not 
exceed +2V and at this voltage the grid current may be expected to be 
approximately 2mA. 

**Maximum pulse duration 22% of a cycle with a maximum of 1.5ms. 

tln order to avoid excessive hum the a.c. component of Vh_k should be as 
low as possible (<20Vr.m.e,.)• 
During swarming-up period not exceeding 45s, vh_k ~pki max. (cathode 
positive) is allowed to rise to 410V. 

WEIGHT 

Tube alone 

Aucusr ~seo ~>> 

f 10 kg 
l 22 Ib 
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AW53-89 TELEVISION TUBE 

IIR~ 

See detail 'A~ 

514 5x32 

680R ~ 724R ~~ 

o2aa4 

Reference line 

Allowable 
contact area 27 8min 

~ ~ ~ 

p m 

L ~ 

N 

0 o~E ~ m 
18 1 - ~E~ ~ ~ 

N 

~~

Determined by the plane of the 
upper edge of the reference line 
gauge JETEC 126 when the 
gouge is resting on the cone 

End of closely 
controlled zone 

416332 

70_5 R 

140110 

*The maximum value is determined by the reference line gauge. 

AUGUST 1960 (1) 
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TELEVISION TUBE AW53-89 

514.5f3.2 

Mould match line 

5992 

Splice line 
I 

O.~ 
N 

~ I.6 max 

~ 4°401

+Undisturbed area between 
mould match line and 
splice line. 

Detai I 'A' 

The bulge at the splice line seal may increase the indicated maximum 
value for envelope width, diagonal and height by not more than 3.2mm, 
but at any point around the seal the bulge will not protrude more than 
1.6mm beyond the envelope surface at the mould match line. 
The undisturbed area between mould match line and splice line is 20mm 
minimum. This should be the width of the tube support band. 
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TELEVISI®N TUBE AW53-89 

7334 
A W 5 3-89 

  Grid modulation  

i 
  Va3 = 13 to lskV  

IN11 IIN11111 111111111111111 ............... ................ 
N■■■■■■■■■■■■■ ■■■■■■■■■■■■■~I■ 

N~~~~~~~~~~~~~   ■~~~~~~~~~~~I~~ 

~~~N~~~~~N~~~ ~~~~~~~~~~~I ~~I 
■■■■■■■■■■■■■■■ ■■■■■■■■■■■I■■I/ 
■■■■■■■■■■■■■■■ ■■■■■■■■■■II■■■% 

■■■■■■■■■■■■■N 1 va I = s oov' , 

. ~''  ~ soov 

li' li' 
_..Å■i~l ~~I 

V9(V) - s0 -40 -20 

2 O 

I•s 

(•o 

os 

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE. 
GRID MODULATION 

RUGUST 1960 (4) Pave Cf 



AW53-89 TELEVISION TUBE 

I o3 
(m A) 

2.0 

15 

I.O 

05 

O 

AW 53- 89 
7335 

Cathode modulation 

Va3= t3to16kV 

540V 
Val =640V 

O 20 40 60 Vk(V) 

FINAL ANODE CURRENT PLOTTED AGAINST CATHODE-TO-GRtD VOLTAGE. 
CATHODE MODULATION 
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TELEVISION TUBE AW53-89 

V9(cuFoff) 
(v) 

-100 

-80 

60 

- 40 

20 

O 

500 550 

AW 53-89 

I l l
Grid modulation 

Upper limit 

Lower limit 

600 650 Vol (V) 

LIMITS OF GRID CUT-OFF VOLTAGE FOR FIRST ANODE VOLTP,GES OF 
SOON to 700V. GRID MODULATION 
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AW53-89 TELEVISION TUBE 

Vk 

(cut-off) 
(V) 

100 

80 

60 

40 

20 

O 

7391 AW53-89 

f
  Cathode modulation 

Va3= 13 to 16kV 

Upper limit 

/~~
„'~ 

Lower limit 

500 550 600 650 Val (V) 

LIMITS OF CATHODE-TO-GRID VOLTAGE FOR FIRST ANODE VOLTAGES 
OF 540V to 700V. CATHODE MODULATION 
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TELEVISI®N TUBE AW53-89 

Vo 2 
(v) 

500 

400 

300 

200 

100 

O 

AW53-89 
7337 

I
Va3= I6kV 
I o3 = IOONA 

it 

Lower limit 

500 550 600 6 50 VaI(V) 

RANGE OF FOCUS VOLTAGE PLOTTED AGAINST FIRST ANODE VOLTAGE 
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AW53-89 TELEVISION TUBE 

Vo 2 
(V) 

400 

300 

200 

100 

O 

AW53-89 
7399 

Vo =500V 
I og =IOONA 

`u: 

~.~ kM.. '"F'. 

Upper limi 

Lower limit 

Y.. 

aT:>:'` 

_lT:.:c: 

;yi, . 

13 14 IS 16 Va 3(kV) 

RANGE OF FOCUS VOLTAGE PLOTTED AGAINST FINAL ANODE VOLTAGE 
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TELEVISION TUBE AW53-89 

VQ2 
(V) 

500 

400 

300 

200 

100 

0 

AW 53- 89 7336 

wiiii°e'.~ ~~~111!!1111 
~~~~~ 

Upper limit 

li~i~lltl~~l~ ll~; l ~ \~■■~ 
iii]9~~~~Rl3~1>~>~ ; ; _ 
1l~~ilEI~I~I~~;~ l~ fiz z 
~~~~l~1i~~~rl~~~ 

111111111111111 :: 

100 200 300 400 I a ~(NA) 

RANGE OF FOCUS VOLTAGE PLOTTED AGAINST FINAL ANODE CURRENT 
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ELECTROMETER PENTODE 

Pentode suitable for use in high resistance 
circuits for applications such as pH meters, 
photocell units and valve voltmeters. 

ME1400 

HEATER 

V❑

Ih

4.5±5% V 
160 mA 

MOUNTING POSITION Any 

CAPACITANCES 

ce gi 
din 

c°°~ 

<20 mpF 
5.5 pF 
8.5 pF 

CHARACTERISTICS 

Pentode connected 

Measured at Vh = 4.5V, Va = VR2 = 45V and la = 80µA 

Min. Av. Max. 

In 150 160 170 mA 
V&1 -1.6 -2.0 -2.4 V 
gm 160 240 320 µASV 

IRa — 20 — µA 
Ig1 — -5.0x10-12 -10 11 A 
ra — ~ 5.0 — Mi2 

*VR ~ (crossover) — -0.8 -1.3 V 

Triode connected ($2 connected to a, g3 connected to k) 
.-.. Measured at Vh = 4.5V, Va = 45V and Ia = 100µA 

Min. Av. Max. 

Ih 150 160 170 mA 
VQ~ -1.6 -2.0 -2.4 V 
gm 200 300 400 µASV 

Ial — -5.0 x 10 12 -10-11 A 
ra — 65 — kS2 
~~ — 20 —

*V~~ (crossover) — -0.8 -1.3 V 

*'Crossover' is the point at which the polarity of the grid current is 
reversed. 

LIMITING VALUES 

V~ max. 90 V 
^ VRZ max. 90 V 

I k max. 1.0 mA 

Vh_k max. 10 V 
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ME 1400 ELECTROMETER PENTODE 

167091

kh h 

92 

91 

92 93 

M k 

Octal base 

All dimensions in mm 
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ELECTROMETER PENTODE ME1400 
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n 0 
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0 N 

0 
<) 

ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH 
CONTROL-GRID VOLTAGE AS PARAMETER. Vg2 = 45V 
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ME 1400 ELECTROMETER PENTODE 

ra

(MCl) 

4 

3 

2 

O 

ME1400 3578 

1
Va .45V 
V92 = 45V 

 ra

91n 
(^MIV~ 

20 

IS 

IA 

OS 

O 

Vgl (V) —3 _2 O 

ANODE IMPEDANCE AND MUTUAL CONDUCTANCE PLOTTED AGAINST 
CONTROL-GRID VOLTAGE. Va = Vg2 = 45V 
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ELECTROMETER PENTODE M E 1400 

ME1400 3569 

Triode connected 

 q0 
I 

~o 

Vgl (V) —6 _q _2 O 

6 

a 

z 

0 

ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH 
ANODE VOLTAGE AS PARAMETER. TRIODE CONNECTED 
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ME 1400 ELECTROMETER PENTODE 

ME1400 3572 

T ioda connactad 

Va ~45V 

Io

91 

I 

{

Io 

(PA) 

600 

400 

200 

O 
O 

20 

I91 
(IO~`A) 

Vyl(V) -3 -2 O 

ANODE AND CONTROL-GRID CURRENTS PLOTTED AGAINST 
CONTROL-GRID VOLTAGE. TRIODE CONNECTED. Va = 45V 
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ELECTR®METER PENTc~DE ME1400 

80 

60 

40 

20 

O 

ME1400 ,570 

Triode connected 

Vo =45V 

m 

9m 
(mA/V) 

3.O 

IS 

I.O 

OS 

O 

Vgl V) -3 _2 O 

ANODE IMPEDANCE AND MUTUAL CONDUCTANCE PLOTTED AGAINST 
CONTROL-GRID VOLTAGE. TRIODE CONNECTED. V;, = 45V 

APRIL 1960 (1) Paea cs 





SUBMINIATURE ELECTROMETER 
TRIODE 
Subminiature electrometer triode with a grid current 
of 10- iaA. 

ME1401 

FILAMENT 

Suitable for d.c. operation only. 

Ve 1.25 V 
le 13 mA 

MOUNTING POSITION Any 

CAPACITANCES 

c~_~ 
c~_t
~a-f 

2.0 pF 
0.6 pF 
0.8 pF 

CHARACTERISTICS (All voltages are with respect to the negative end of the 
filament) 

Measured at Ve = 1.25V, 
Min. 

Va = 9V, I~ 100uA 
Av. Max. 

Vk -2.0 -2.5 -3.75 V 
gm 70 80 90 pA/V 
la 1.7 2.0 2.7 

*Ig — -8.5 x 10-14 -12.5 x 10- ia A 
j-Vg (crossover) — -1.3 -1.6 V 
tla (crossover) 160 — — µA 

*The quoted grid current characteristics will only be obtained if the tube 
is operated in complete darkness. 

t`Crossover' is the point at which the polarity of the grid current is reversed. 

LIMITING VALUES 

Vh max. 25 V 
la max. 250 µA 
Vs limits 1.1 to 1.5 V 

OPERATING NOTES 

1. In order to avoid excessive drift the filament voltage must be applied before 
the anode voltage. 

2. To avoid contamination of the glass, the valve should not be removed from 
its protective envelope until it is fitted into the equipment. 

3. Direct soldered connections to the leads of this valve must be at least 
13mm from the seal, and any bending of the valve leads must be at (east 
1.Smm from the seal. 

ISSUE 3 
Mullard 
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ME1401 SUBMINIATURE ELECTROMETER 
TRIODE 

Subminiature electrometer triode with a grid current 
Of 10-13A. 
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SUBMINIATURE ELECTIROMETER 
TRIODE 

Subminiature electrometer triode with a grid current 
of 10 13A. 
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ME1401 SUBMINIATURE ELECTROMETER 
TRIODE 

Subminiature electrometer triode with a grid current 
of 10 "A. 
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SUBMINIATURE ELECTROMETER 
TETRODE 

Subminiature electrometer tetrode with a grid current 
of 3 x 10— '°A. 

ME 1402 

FILAMENT 

Suitable for d.c. operation only. 

VP
I~ 

1.25 V 
13 mA 

MOUNTING POSITION Any 

CAPACITANCES 

ca __g 2.5 pF 
ct„ 0.3 pF 
c,,,,i 0.8 pF 

CHARACTERISTICS (All voltages are with respect to the negative end of the 
filament) 

Measured at V  ̀ —= 1.25V, V;, = 4.SV, ly = 20µA, Igl = 2.50µA 
$2 is the control-grid, gl being used as an accelerator grid. 

Max. 
4.0 V 

—4.5 V 
24 µASV 
1.4 

-6.0 x 10-18 A 
— V 

`The quoted grid current characteristics will only be obtained if the tube 
is operated in complete darkness. 

t'Crossover' is the point at which the polarity of the grid current (Igz) is 
reversed. 

Min. Av. 
VKl 2.0 3.0 
Vgz —2.0 —3.2 

gmiR2_a~ 10 17 
u-sz_a~ 0.7 1.2 

*IRz — -2.5 x 10 '' 
tVRz (crossover) — -1.75 

LIMITING VALUES 

V~ max. 10 V 
I k max. 300 µAF-

. V~ limits 1.1 to 1.5 V 

OPERATING NOTES 

1. In order to avoid excessive drift of characteristics the filament voltage 
must be applied before the anode voltage. 

2. To avoid contamination of the glass, the valve should not be removed from 
its protective envelope until it is fitted into the equipment. 

3. Direct soldered connections to the leads of the valve must be at least 
13mm from the seal and any bending of the leads must be at least 1.5mm 
from the seal. 

AUGUST 1966 
~IMullard 
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ME1402 SUBMINIATURE ELECTROMETER 
TETRODE 

Subminiature electrometer tetrode with a grid current 
of 3 x 10-16A. 
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SUBMINIATURE ELECTP;O METER ME 1402 TETRODE 

Subminiature electrometer tetrode with a grid current 
of 3 x 10-1aA. 
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ME1402 SUBMINIATURE ELECTROMETER 
TETRODE 

Subminiature electrometer tetrode with a grid current 
of 3 x 10-15A. 
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SUBMINIATURE ELECTROMETER 
M E 1402 TETRODE 

Subminiature electrometer tetrode with a grid current 
of 3x10-75A. 
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SUBMINIATURE ELECTROMETER 
PENTODE 

Subminiature electrometer pentode with a grid current 
of 3 x 10-15A. 

ME 1403 

FILAMENT 

Suitable for d.c. operation only 

Vf 1.25 V 
le 8.2 mA 

MOUNTING POSITION Any 

CAPACITANCES 

~a_gl 

din 

tout 

0.2 pF 
3.0 pF 
4.0 pF 

CHARACTERISTICS (All voltages are with respect to the negative end of 
the filament) 

Measured at Vf = 1.25V, Va = 10V, la = 5.0µA, Vgl —2.SV 
Min. Av. Max. 

Vgz 5.0 6.5 7.5 V 
gm 8.0 10.5 15 µA/V 
ra — 10.5 — MS2 
µig>_a i 80 110 -

*Igl - -3.0 x 10- 's -8.0 x 10- 'b A 
Igo 1.5 2.2 3.0 µA 

tVgl(crossover) — -1.15 — V 

*The quoted grid current characteristics will only be obtained if the tube 
is operated in complete darkness. 

/ 1  t`Crossover' is the point at which the polarity of the grid current is 
reversed (measured at Vf = 1.25V, V~ = 10V, Vg2 =the value which 
gives la = 5µA when VKl = —2.5V) 

n 

LIMITING VALUES 

Va max. 45 V 
Vg2 max. 45 V 
I k max. 180 µA 
Vf limits 1.1 to 1.5 V 

OPERATING NOTES 

1. In order to avoid excessive drift of characteristics the fi lament voltage 
must be applied before the anode voltage. 

2. To avoid contamination of the glass, the valve should not be removed from 
its protective envelope until it is fitted into the equipment. 

3. Direct soldered connections to the leads of the valve must be at least 
13mm from the seal and any bending of the valve leads must be at 
least 1.5mm from the seal. 

OCTOBER 1958 (1) 

ll 
~M

``
ul la

J
r
J
d 

V 
Page D1 



M E 1403 SUBMINIATURE ELECTROMETER 
PENTODE 
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SUBMINIATURE ELECTROMETER M E 1403 PENTODE 

ME1403 4165 
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ME 1403 SUBMINIATURE ELECTROMETER 
PENTODE 

M E 1403 5524 

Vf =1.25V 
Va =1 OV 
Vg2=1 O V 
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SUBMINIATURE ELECTROMETER ME 1403 PENTODE 
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IHE 1403 SUBMINIATURE ELECTROMETER 
PENTODE 
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SUBMINIATUFE ELECTROMETEP2 M E 1403 PENTODE 

 e 

ANODE AND SCREEN-GRID CURRENTS PLOTTED AGAINST ANODE 
VOLTAGE WITH CONTROL-GRID VOLTAGE AS PARAMETER. Vg~ = 6.5V 
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ME 1403 SUBMINIATURE ELECTROMETER 
PENTODE 
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SUBMINIATURE ELECTROMETER 
TRIODE 
Subminiature electrometer triode for linear and 
logarithmic use with a controlled logarithmic relationship between positive grid current 
and anode current, and a grid current of 2 x 10-13A. 

ME1404 

FILAMENT 

Suitable for d.c, op9ration only 
Vr
I c

1.25 V 
14 mA 

CAPACITANCES 

cT _~ 2.0 pF 
can 0.5 pF 
c,,,,c 0.8 pF 

CHARACTERISTICS (for linear operation with all voltages measured with 
,.~ respect to the negative end of the: filament) 

Measured at V~ - 1.25V, Va = 9.OV, I~ _- 100µA 
Minimum Typical Maximum 

V~ -2.0 -2.7 -3.75 V 
gm 60 80 90 µASV 

~, 1.6 2.0 2.7 
IR — -1.6x10- " -10x10- '~ A 
tVg (crossover) — -1.4 -1.7 V 
tla (crossover) 145 — — µA 

t`Crossover', measured at Va -= 9.OV, is the point at which the polarity of 
the grid current is reversed. 

LIMITING VALUES 

Va max. 
la, max. 
Vl limits 

25 V 

250 µA 
1.1 to 1.5 V 

Notes for operation with logarithmic characteristic 

This valve has a controlled linear relationship between the anode current 
and the logarithm of the positive grid current. This relationship holds good 
over a range of at least three decades of positive grid current i.e. from 
3 x 10- 'ZA to 3 x 10- aA. Conditlions can be established such that this change 
in grid current always produces a fall in anode current of 50µA. 

With a positive grid current oi` 3x10-9A, the anode voltage should be set 
to some value (nominal 4.4V) such that when the grid current is reduced 
to 3 x 10- 'LA the anode current falls by 50µA. It will be found that the 
anode voltage lies in the approx. range 3 to 6V, whilst the initial anode 
current is in the range 65 to 100µA. 

  N[ullard  
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ME 1404 SUBMINIATURE ELECTROMETER 
TRIODE 

OPERATING NOTES 
1. In order to avoid excessive drift of characteristics the filament voltage 

must be applied before the anode voltage. 
2. To avoid contamination of the glass the valve should not be removed 

from its protective envelope until it is fitted into the equipment. Great 
care should be taken not to handle the valve within 13mm of the base. 

3. Direct soldered connections to the leads of the valve must be at least 
13mm from the seal and any bending of the leads must be 1.5mm from 
the seal. 

4. To prevent photoemission from the grid, the valve should be operated 
in darkness or at a low ambient light level. 

9.3-10.6 
—~- mm 

R¢d spot by anode lead 
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SUBMINIATURE ELECTROMETER ME 1404 TRIODE 

M E 1404 5934 
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ME 1404 SUBMINIATURE ELECTROMETER 
TRIODE 
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SUBMINIATURE 
ELECTROMETER PENT"ODE 

M E 1406 

Low cost subminiature electrometer pentode with a grid current of 3 x 10-14AF-

FILAMENT 

Suitable for d.c. operation only 

Vf 1.25 

If 8.2 

MOUNTING POSITION Any 

CAPACITANCES 

c
a-gl 

0.2 

cin 3.0 

t out 
4.0 

V 

mA 

pF 

pF 

pF 

CHARACTERISTICS (measured at Vf =1.25V, Va =10V, Ia =5.0µA, V 1=-2.5V) 
g 

All voltages are measured with respect to the negative end of the filament 

Min. Av. Max. 
V 

2 g 
gm

5.0 

8.0 

6.5 

10.5 

7.5 V 

15 µA/V 

r 
a 

- 10.5 - MS2 

µg1
80 110 -

-a 
*I 1

g 
- -3 x 10

-14 _5 x 10
-14 

AE—

Ig2 1.5 2.2 3.0 µA 

**Vgl(crossover) 
-1.0 - VE—

*The quoted grid current characteristics will only be obtained if the tube 
is operated in complete darimess. 

**'Crossover' is the point at which the polarity of the grid current is re-
versed (measured at Vf=1.25V, Va =10V, V 

2
=the value which gives 

Ia =5µA when V 1=-2.5V). g 
g 

RATINGS (ABSOLUTE MAXIMUM SYSTEM) 

V max. 45 V 
a 

V 
2 

max. 45 V 
g 

Ik max. 180 µA 

Vf max. 1.5 V 

Vf min. 1.1 V 

MAY 1969 
]4lullard  
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OPERATING NOTES 

1. In order to avoid excessive drift of characteristics the filament voltage 
must be applied before the anode voltage. 

2. To avoid contamination of the glass, the valve should not be removed from 
its protective envelope until it is fitted into the equipment. 

3 Direct soldered connections to the leads of the valve must be at least 13mm 
from the seals and any bending of the leads must be at least 1.5mm from 
the seals. 

Outline drawing 
ME1406 
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SUBMINIATURE 
ELECTROMETER PENTODE 

M E 1406 
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ANODE, SCREEN-GRID AND CONTROL-GRID CURRENTS PLOTTED 
AGAINST CONTROL-GRID VOLTAGE. Va =45V, Vg2 =6.5V 

M E 1406 
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SUBMINIATURE 
ELECTROMETER PENTODE 
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VIBRATING 
CAPACITOR 

XL7900 

QUICK REFERENCE DATA 

Vibrating membrane capacitor in an evacuated envelope for use as a 
d.c./a.c. converter, for example in dosimeters, pH meters and 
electrometer equipment, where a very high input resistance is of 
paramount importance. Equipment capable of measuring currents as 
low as 500 electrons per second (8 x 10'17A) has been constructed, 
using this device. 

Contact potential -50 to +50 

Short term drift of contact potential 

Minimum insulation resistance 

Maximum overall length 

Maximum diameter 

PRINCIPLE OF OPERATION (D.C. measurement) 

The direct voltage to be measured is connected 
to capacitor Cm (measuring capacitor) . The 
earthed membrane vibrates at its own resonance 
frequency (about 6kHz), due to a high frequency 
electric field between the electrodes of capacitor 
Cdr (driving capacitor). Thus the direct voltage 
on Cm is modulated at the resonance frequency 
of the membrane . Capacitor Cl blocks the direct 
voltage from the a. c. amplifier. The output 
alternating voltage is proportional to the input 
direct voltage. 

MAY 1969 
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CHARACTERISTICS 

Contact potential over measuring capacitor -50 to +50 mV 
Short term drift (within one day) 100 µV 
Long term drift (within one month) 1.0 mV 
Temperature coefficient 20 µV/degC 

Conversion efficiency 

At any given driving voltage the ratio 
R.M.S. output voltage 

will show 
D. C . input voltage 

a maximum spread oft 60%. 

Driving voltage 

A value of high frequency driving voltage can always be found at which 
all capacitors have a conversion efficiency between 10 and 40% (see 
note 1). 

Minimum insulation resistance between any 
two capacitor terminals (see note 2) 1015 ~ 

Resonance frequency of the membrane 5.3 to 6.3 kHz 
Drift 1.5 % 
Temperature coefficient t 1.0 Hz/degC 

Capacitances of measuring and driving capacitors 35 pF 
Temperature drift 1.0 pF 

RATINGS (ABSOLUTE MAXIMUM SYSTEM) 

Maximum direct voltage on measuring capacitor 
Maximum conversion efficiency 

25 
40 

V 
c~ io 

(Above 40% it is possible that the two capacitor plates will touch each other 
and will be damaged.) 

SHOCK AND VIBRATION RESISTANCE 

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

Shock 

The tube is subjected five times in each of four positions to an accelera-
tion of 500g supplied by an NRL shock machine with the hammer lifted 
over an angle of 30° . 

Vibration 

The tube is subjected to a vibrationof 15 to 1500Hz with an acceleration 
of 2.5g. 

MOUNTING POSITION Any 

NOTES 

1. For instance, in apparatus constructed from the circuit shown in Fig. 2, it 
was found that all capacitors have a conversion efficiency beriveen 10 and 
40% with a voltage across Ll  of 1V r.m.s. 

~1 
Mullard 
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VIBRATING 
CAPACITOR 

XL7900 

NOTES (contd.) 

2. Under standard atmospheric conditions as defined in I.E.C. publication 
68-1, i.e. any combination of temperature, humidity and pressure within 
the following limits: 

Temperature +15 to +35 ° C 
Relative humidity 45 to 75 % 
Pressure 860 to 1060 mbar 

3. The capacitive drive opens the possibility to use as driving signal for the 
membrane a highfrequency signal, amplitude modulated with the resonance 
frequency of the vibrating membrane. 

Since in this case there is a great difference between the frequency of the 
driving signal and the modulation frequency of the voltage to be measured, 
the stray influences of the driving signal can easily be kept away from the 
measuringamplifier.Inaddition, ahighfrequencydrivesimplifiesthedesign 
and construction of the driving oscillator. 

~m

B9D base 

OUTLINE DRAWING 

CT2 top cop 
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EXAMPLE OF A DRIVING OSCILLATOR 

Operating principle 

89751 

N1: N2: N3 
=9:10:10 

Fig. l 

The driving capacitor Cdr is incorporated in an impedance bridge that 

determines the feedback to the amplifier transistor. Capacitor Cl has been 
given a slightly larger value than that of capacitor Cdr in its quiescent 
state. Due to this,the fed-back alternatingvoltage Vl has the correct phase 
and amplitude to cause the circuit to oscillate at a frequency that is mainly 
determined by the network L2C1Cdr• 

The electric attractive force between the capacitor plates of Cdr makes the 
membrane move towards the fixed plate of Cdr , as a result of which its 
capacitance increases, the transistor receives less feedback, and the 
oscillator voltage decreases. 

The phases and amplitudes of the electrical and mechanical forces on the 
membrane, and of the feedback factor, are such that the membrane begins 
to vibrate at its resonance frequency and the h.f. voltage is amplitude 
modulated with this frequency. 

Since it is very difficult to construct this circuit in such a way that stable 
operation is ensured, it is advisable to add components for automatic 
control of C1, as in the following circuit. 

MAY 1969 

 l 
~ Muuara I 
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VIBRATING 
CAPACITOR 

Practical circuit 

N1 N2 

C1 = 12pF mica 
C2 = 1.5nF 
C3 = lOpF mica 
C4 = 2.2nF 
C5 = 0.1µF 

Ct = 25pF max. 

XL7900 

89750 

24V 
 o—

Fig.2 

Rl = 68k12 L2 = 1.3mH 
R2 = 3.3kS2 L3 = 1.3mH R.F. choke 
R3 = 4.7kSt N2/Nl = 20 
R4 = 1kS2 Tr = BCY70 
R5 = 1MS2 D = BA102 (variable 

capacitance diode) 

The issue of the information contained in this publication does not imply 
any authority or licence (or the utilisation of any patented feature. 

MAY 1969 
~blullard~
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