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INTRODUCTION

his handbook has been prepared to meet the require-

ments of a large number of technicians in the countries

served by Mullard Overseas Limited. It contains data
for some 60 valves, tubes and semiconductors which are
used in domestic radio and television receivers, audio ampli-
fiers, tape recorders and record players.

In order to make the best use of the space available, only
current types have been included. The data for each type
includes characteristics, typical operating conditions and
limiting values, as well as mechanical data such as pin
connections and dimensions. The data is in fact as com-
prehensive as possible and is presented in a concise manner.
For ease of reference, types are arranged in alphabetical-
numerical order.

The book is intended as a selection guide to the Design
Engineer when deciding on which types to use in new
equipment. It will also be invaluable to the Service Engineer
when repairing and maintaining receivers. It has only been
possible to include a limited number of curves in this
book, and for more detailed information, designers are
recommended to use the Mullard Technical Handbook.

A description of the handbook and the servicing facilities
for keeping it up to date are given on p. 219.
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THE MULLARD PRODUCTION
AND RESEARCH ORGANIZATION
IN THE UK.

SIMONSTONE

CATHODE RAY TUBE FACTORY

CROSSENS

MAGNETIC MATERIALS FACTORY

HAYDOCK

FEEDER FACTORY

SOUTHPORT

FEEDER FACTORY

LYTHAM ST. ANNES

FEEDER FACTORY

FLEETWOOD

TWO FEEDER FACTORIES

RAWTENSTALL

FEEDER FACTORY

BLACKBURN

MAIN RECEIVING VALVE FACTORY

HAZEL GROVE

SEMICONDUCTOR FACTORY

WEMBLEY

SEMICONDUCTOR RESEARCH

MULLARD HOUSE

HEAD OFFICE
TORRINGTON PLACE LONDON W.C.1.

HOVE

FEEDER FACTORY

MITCHAM

MAIN SOUTHERN FACTORY

WHYTELEAFE

SPECIAL QUALITY VALVES FACTORY

SALFORDS

MAIN RESEARCH LABORATORIES

SOUTHAMPTON

SEMICONDUCTOR FACTORY




Receiving valves (Radio and T.V.)

Receiving valves (Special quality, sub-
min., etc.)

High power valves (for transmitting and
industrial purposes)

Gas filled valves (Rectification, control,

counting, voltage stabilization and refer-
ence)

Vacuum and gas filled photocells

Magnetrons

Klystrons

Travelling wave tubes

Backward wave tubes

Television picture tubes

Radar cathode ray tubes

Oscilloscope cathode ray tubes

Image converters and intensifiers

Semiconductor diodes

Semiconductor rectifiers

Thyristors

Transistors

Semiconductor photosensitive devices

Integrated circuits

Thin film circuits

Specialized high vacuum equipment

Capacitors

Ferrites

SIMONSTONE.
TheMullardSimon-
stone Factory was
designed and built
specifically for the
production of ca-
thode ray tubes for
television.

SOUTHAMPTON. This fa:ctory
was one of the first in England to be
specially built for the mass production
of semiconductor devices.

SALFORDS. The Mullard Research
Laboratories at Salfords carry out
continuous investigations in the fields
of electronics, vacuum physics, and
solid state physics.

BLACKBURN. Occupying a 45 acre
site, the Mullard factory at Blackburn
produces the major portion of the
company’s receiving valves.

MULLARD HOUSE. In this ultra
modern building are housed the Mul-
lard head office staff; showroom and
demonstrating rooms; and a private
cinema and audio theatre.

e
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VALVE TYPE RECEIVING
NOMENCLATURE VALVES

The type nomenclature for Mullard receiving and amplifying valves and small thyratrons
generally consists of two or more letters followed by two or three figures. These symbols
provide information concerning the principal uses of the valves, the heater or filament
rating and the type of base, according to the following code. In some special valves for
‘professional’ applications, the figures follow the first letter and precede the second and
subsequent letters.

The first letter indicates the filament or heater voltage or current:

A—4.0V filament E—6.3V heater K—2.0V filament
C—200mA heater G—5.0V heater P—300mA heater
D—0.5V to 1.5V filament H—150mA heater U—100mA heater

The second and subsequent letters indicate the general class of valve:

A—Single diode H—Hexode or heptode *P—Secondary emission valve
B—Double diode K—Heptode or octode Q—Nonode
C—Triode L—Output pentode T—NMiscellaneous
D—Output triode M—Electron beam X—Full-wave gas-filled rectifier
E—Tetrode indicator Y—Half-wave rectifier
F—Voltage amplifying N—Thyratron Z—Full-wave rectifier

pentode

*Used as a third letter only.

Note: Two or three of the above letters may be combined, e.g., BC—double diode triode.

The first figure indicates the type of base:

2—B8G (Loctal) base 5—Meiscellaneous bases 8—B9A (Noval) base
3—Octal base 6 & 7—Subminiature bases 9—B7G base
4—BB8A base

Note: In types with three figures, if the first figure is 1 then the second figure indicates
the type of base, e.g., E180F — B9A base.

The second and third figures are serial numbers indicating a particular design or
development.

Examples:
ECL86 E C L 8 6
6.3V triode output B9A serial

heater pentode base number

PABC80 P A B c 8 0
300mA single double triode B9A serial
heater diode diode base number

()
B [Mullard]
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CATHODE RAY TUBE TYPE
TUBES NOMENCLATURE

The type nomenclature for Mullard cathode ray tubes consists of two or three letters
followed by two sets of figures. These symbols provide information concerning the
method of focusing.and deflecting the electron beam, the type of luminescent screen
and the diameter or diagonal of the screen.

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 the properties of the luminescent screen:

— Short persistence. Bluish fluorescence.

— Very short persistence. Blue-violet fluorescence.

— Very long persistence. Orange fluorescence.

— Medium persistence. Green fluorescence.

— Medium persistence. Blue-green fluorescence.

— Long persistence. Orange fluorescence.

— Double layer screen. Medium persistence. Blue-green fluorescence.

— Double layer screen. Bluish fluorescence of short persistence
followed by greenish-yellow phosphorescence of long persistence.

— Medium persistence. White fluorescence.

VIrTromOow

2

The third letter:
M — Indicates multiple trace.

The first group of figures, immediately following the letters, indicates the diameter
or diagonal of the luminescent screen in cm:

7 represents a 7cm (3 in.) screen 43 represents a 43cm (17 in.) screen
13 represents a 13cm (5 in.) screen 53 represents a 53cm (21 in.) screen

The second group of figures is a serial number indicating a particular design or
development.

Example:

AWS59-91 Cathode ray tube of 59cm screen diagonal having a medium persistence
white fluorescence, and employing magnetic deflection and electrostatic
focusing.




TYPE

SEMICONDUCTOR

NOMENCLATURE DEVICES

Two type nomenclature systems are currently in existence for Mullard semiconductor
devices. All future devices will have type numbers in the ‘new system earlier devices
will retain numbers in the ‘old system’.

NEW SYSTEM

The type nomenclature consists of two letters followed by a serial number which may
consist of three figures or of one letter and two figures depending on the main application

of the device.

The first letter indicates the semiconductor material used in the device:

A
B

Germanium.

Silicon.

The second letter indicates the general construction or application of the device:

A

© v - mm g 0

wm

Diode (other than those having a special letter specified elsewhere
in this list).

Transistor for audio applications (not power types).
Power transistor for audio applications.

Tunnel diode.

Transistor for r.f. applications (not power types).
Power transistor for r.f. applications.

Photodiode or phototransistor.

Controlling and switching device having a specified breakdown
characteristic (not power types).

Transistor for switching applications (not power types).

Controlling and switching power device having a specified break-
down characteristic.

Power transistor for switching applications.
Power diode or rectifier.

Reference diode or zener diode.

10
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SEMICONDUCTOR TYPE
DEVICES NOMENCLATURE

The remainder of the type number is a serial number indicating a particular design
or development and is in one of the following two groups:

(a) Devices intended primarily for use in ‘entertainment’ applications (radio and
television receivers, audio amplifiers, tape recorders, etc.).
The serial number consists of three figures.

(b) Device intended mainly for applications other than in (a), e.g. industrial,
professional and transmitting equipments.
The serial number consists of one letter followed by two figures.

Examples:
AF114  Germanium r.f. transistor primarily for entertainment applications.
BCZ11 Silicon audio transistor primarily for industrial applications.

OLD SYSTEM
The type nomenclature consists of two or three letters followed by a group of one, two
or three figures.

The first letter is always ‘O’, indicating a semiconductor device.

The second (and third) letter(s) indicate the general class of device:

A — Diode or rectifier.
AP — Photodiode.

AZ — Zener diode.

C — Transistor.

CP — Phototransistor.

RP — Photoconductive cell.

The group of figures is a serial number indicating a particular design or development.

Examples:

OA90 Semiconductor diode.
OAZ200 Zener diode.

ocCs1 Transistor.

N L
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SYMBOLS AND
ABBREVIATIONS

These symbols are based on British Standard Specification No. 1409 : 1950,

‘Letter Symbols for Electronic Valves’, and No. 3363 : 1961,
‘Letter Symbols for Light-Current Semiconductor Devices’.

1. SYMBOLS FOR ELECTRODES

Anode . .
Base ..
Cathode
Collector
Emitter
Grid
Heater
Filament

NOTE 1.

NOTE 2.

NOTE 3.

a Beam plates .. - bp
B Fluorescent screen or target - t
k External metallisation £ . M
€ Internal metallisation .. .‘ m
E Deflector electrodes . .. xory
g Internal shield S . - s
h Resonator .. - s .. Res
f

In valves having more than one grid, the grids are distinguished by numbers—
g1, g2, etc., g being the grid nearest the cathode.

In multiple valves, electrodes of the different sections may be distinguished
by adding one of the following letters:

Diode .. » - Hexode ; a1 w5 )
Triode .. e o t Heptode i 5 i D
Tetrode .. w 9 Octode ) .. -
Pentode p Rectifier . r

Thus, the grid of the triode section of a triode-hexode is denoted by gt -

Two or more similar electrodes which cannot be distinguished by any of the
above means may be denoted by adding one or more primes to indicate of
which electrode system the electrode forms a part.

Thus, the anode of the first diode in a double diode valve is denoted a’.

2. SYMBOLS FOR ELECTRIC MAGNITUDES

Voltages Current
Direct voltage .. . Direct Current gt 1l
Alternating voltage (r. m.s. ) .. Vrms. Alternating current (r. m.s. ) .. lrms.
Alternating voltage (mean) .. V,y Alternating current (mean) .. lav
Alternating voltage (peak) .. vpi Alternating current (peak) .. ipk
Peak inverse voltage .. R 1 1 No signal current L otk ilG

Frequency

Collector leakage current

(Common base) - .. leno
Emitter leakage current

(Common base) 3% .. leso

Miscellaneous

Anode efficiency 1
Frequency at which |hh| =1.. Sensitivity S
Amplification factor .. i Brightness B
Current gam (common emntter) hte Temperature T
Current gain (large signal) .. hggL . S Oj-amn
Mutual conductance .. .. Em Thermal resistance e "\ Oj-case
Conversion conductance < Be Time t
Distortion D

(I
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SYMBOLS AND
ABBREVIATIONS

Inside Outside

valve valve
Resistance .. o o i o .. .. o r R
Reactance X X
Impedance Z Z
Admittance i 3 “ 55 T o - y Y
Mutual inductance .. .. 33 e 5s i 53 m M
Capacitance c Cc
Power P P
3. AUXILIARY SYMBOLS
Battery or other source of supply b
No signal z o8 o
Input in
Output out
Total tot
Average (AV)
Centre tap ct
Junction j
Ambient amb

4. COMPLEX SYMBOLS

Symbols in Sections 1 and 3 above may be used as subscripts to symbols in Section 2,

to denote such magnitudes as anode current, grid volts, etc., e.g.:

Anode voltage ; .. Va Anode current (r.m.s.)
Collector emitter voltage .. Ve No signal anode current
Control-grid voltage .. Vau Control-grid current
Anode supply voltage .. Vam Total distortion. .
Filament voltage .. . Vi 3rd Harmonic distortion
Heater voltage - ..V Equivalent noise resistance
Anode dissipation .. .. Pa Limiting resistor
Output power % .. Pout Cathode bias resistor ..
Total dissipation 3 .. Piot Peak value of the total em
Drive power . .. Parive current
Anode current (d c) .. la

Internal
Anode resistance s i 53 ra
Insulation resistance (heater to cathode) o 5 h o rhok
Resistance between control-grid and cathode iz X rgi-k

Capacitance (cold):

Anode to all other electrodes

Anode to control-grid

Control-grid to cathode at worklng temperature ;

Control-grid to all other electrodes except anode
(input capacitance)

Anode to all other electrodes’ except control- grld
(output capacitance) .. .. ..

Inner amplification factor

Iu(xxm .8.)

I:l(n)
g1
Dot
Dy
Req
lim
Kk

ltter
lem

External

Ra
Rul k

Ca-—all

Ca—gl

Cgl-k(w)

Cin

Cout

Hgl-g2

15



SYMBOLS AND
ABBREVIATIONS

5. Y PARAMETERS

Input admittance
Output Input conductance
short-circuited Input capacitance

Phase angle of input admittance

Output admittance
Input Output conductance
short-circuited 1 Output capacitance
[ Phase angle of output admittance

Transfer admittance
Output Transfer conductance
short-circuit Transfer capacitance

Phase angle of transfer admittance

Feedback admittance
Feedback conductance
Feedback capacitance
[ Phase angle of feedback admittance

Input
short-circuited

Common
base

yin (y11)
giv (g11)
Cib (Cn)
bin

Yoo (Y22)
gon (g22)
Cobs (C22)
f‘)oh

[ym| ([yz1])
8ih

Cib

O (d21)

[yen| (y12)
grb

Crh

Orb (P12)

Common
emitter

Yie (¥'11)
gie (8'11)
Cie (c'11)

b
Qie

[yte| (|y 21])
8te

Cie

’:‘T(' (':’,21)

[yre (y'12)
8re

Cro
dre (¢12)

16 S



VALVE, TUBE AND SEMICONDUCTOR DEVICE

EQUIVALENTS
Type Mullard American Type Mullard American
number equivalent  equivalent number equivalent  equivalent
A28-13W — — DF97 DF97 1ANS
A47-18W A47-18W — DH77 EBC90 6AT6
A59-11W A59-11W — DH109 UABCS80 —
AA119 AA119 — DH719 EABCS80 6AKS8
AA129 AA129 — DK92 DK92 1ACé6
AC125 AC125 — DK96 DK96 1AB6
AC126 AC126 — DL9%4 DL94 3v4
AC127 AC127 — DL96 DL9%6 3C4
AC128 AC128 — DM70 DM70 1M3
AC176 AC176 — DPé61 EF95 6AKS
AD149 AD149 — DY86 DY86 152
AF102 AF102 — DY87 DY87 1S2A
AF114 AF114 — EABCB80 EABC80 6AKS8
AF115 AF115 — EB91 EB91 6ALS
AF116 AF116 — EBC81 EBC81 6BD7A
AF117 AF117 — EBC90 EBC90 6AT6
AF124 AF124 — EBC91 EBC91 6AV6
AF125 AF125 — EBF83 EBF83 6DR8
AF126 AF126 — EBF89 EBF89 6DC8
AF127 AF127 — EC95 EC95 6ER5
AF178 AF178 — EC97 EC97 6FY5
AF179 AF179 — ECC81 ECCB81 12AT7
AF180 AF180 — ECC82 ECC82 12AU7
AF181 AF181 — ECC83 ECC83 12AX7
AF186 AF186 — ECC84 ECC84 6CW7
AW43-80 AW43-80 17BTP4 ECC85 ECC85 6AQ8
AW43-88 AW43-88 — ECC88 ECC88 6DJ8
AW47-90 AWA47-90 — ECC89 ECC89 6FC7
AWA47-91 AWA47-91 — ECC189 ECC189 6ES8
AWS53-80 AWS53-80 21CLP4 ECF80 ECF80 6BL8
AWS53-88 AWS53-88 — ECF82 ECF82 6U8
AW59-90 AWS59-90 — ECF86 ECF86 6HG8
AW59-91 AW59-91 — ECH81 ECH81 6AJ8
B109 UCC85 — ECH83 ECH83 6DS8
B152 ECC81 12AT7 ECH84 ECH84 61X8
B309 ECC81 12AT7 ECL82 ECL82 6BM8
B319 PCC84 7AN7 ECL84 ECL84 6DX8
B329 ECC82 12AU7 ECL85 ECL85 6GV8
B339 ECC83 12AX7 ECL86 ECL86 6GW8
B719 ECC85 6AQ8 EF80 EF80 6BX6
BC107 BF107 — EF85 EF85 6BX7
BF109 BF109 — EF86 EF86 6267
BF115 BF115 — EF89 EF89 6DA6
BY100 BY100 — EF93 EF93 6BA6
BY114 BY114 - EF94 EF94 6AU6
C17AA AW43-88 — EF95 EF95 6AKS5
C21AA AW53-88 — EF97 EF97 6ES6
D77 EB91 6ALS5 EF98 EF98 6ET6
D152 EB91 6ALS EF183 EF183 6EH7
DAF91 DAF91 1S5 EF184 EF184 6EJ7
DAF96 DAF96 1AH5 EH90 EH90 6CS6
DF91 DF91 1T4 EK90 EK90 6BE6
DF92 DF92 1L4 EL34 EL34 6CA7
DF96 DF9% 1Al4 EL36 EL36 6CM5
()
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VALVE, TUBE AND SEMICONDUCTOR DEVICE

Type
number
EL81
EL84
EL86
EL90
EL95
EM81
EM84
EY81
EY82
EY86
EY87
EY88
EZ81
EZ90
GZ32
GZ34
HBC90
HBC91
HF93
HK90
HL92
HY90
LCR3
LCR4
LFG3
LFH3
LFK3
LFK4
LZ319
LZ329
N19
N25
N119
N152
N379
N709
N727
OA70
OA79
OA81
OA90
OA95
OA210
0C22
OC26
OC44
OC45
OC70
OoC71
OC72
OC75
OcCs1
OC81D
OC82DM

Mullard

equivalent

EL81
EL84
EL86
EL90
EL95
EM81
EM84
EY81
EY82
EY86
EY87
EY88
EZ81
EZ90
GZ32
GZ34
HBC90
HBC91
HF93
HK90
HL92
HY90
LCR3
LCR4
LFG3
LFH3
LFK3
LFK4
PCF80
PCF80
DL94
DL96
uLs4
PL81
PL84
EL84
EL90
OA70
OA79
OA81
OA90
OA95
OA210
0C22
0C26
0OC44
OC45
OC70
oC71
0C72
OC75
ocCs1
ocC81D
OC82DM

18

EQUIVALENTS
American Type Mullard American
equivalent number equivalent  equivalent
6CJ6 OC169 OC169 —
6BQ5 OC170 OC170 —
6CW5 OoC17 OC171 —
6AQ5 PABC80 PABC80 9AKS
6DL5 PC97 PC97 —
6DA5S PC900 PC900 —
6FG6 PCC84 PCC84 7AN7
6R3 PCC85 PCC85 9AQ8
6N3 PCC88 PCC88 7DJ8
652 PCC89 PCC89 7FC7
6S2A PCC189 PCC189 —
6AL3 PCF80 PCF80 9A8
6CA4 PCF86 PCF86 7HG8
6X4 PCF801 PCF801 —
5AQ4 PCF802 PCF802 9JW8
5AR4 PCH200 PCH200 -
12AT6 PCL82 PCL82 16A8
12AVé6 PCL84 PCL84 15DQ8
12BA6 PCL85 PCL85 18GV8
12BE6 PCL86 PCL86 14GW8
50C5 PFL200 PFL200 —
35W4 PL36 PL36 25E5
— PL81 PL81 21A6
— PL84 PL84 15CW5
— PL500 PL500 27GB5
- PY32 PY32 —
— PY33 PY33 —
— PY81 PY81 1773
9A8 PY82 PY82 19Y3
9A8 PY88 PY88 30AE3
3v4 RFG3 RFG3 —
3C4 U153 PY81 1773
45B5 U154 PY82 19Y3
21A6 U192 PY82 19Y3
15CW5 U291 PY32 —
6BQS5 U319 PY82 19Y3
6AQ5 U381 uyss 38A3
1N87 U709 EZ81 6CA4
1TN541 UABCB80 UABC80 —
— UBCB81 UBCB81 —
— UBF80 UBF80 17C8
1N618 UBF89 UBF89 19FL8
— UCC85 UCC85 —
— UCF80 UCF80 —
2N1315 UCHS81 UCH81 19D8
— UCL82 ucCL82 50BM8
— UCL86 UCL86 —
2N279 UF80 UF80 —
2N280 UF85 UF85 —
2N281 UF86 UF86 —
— UF89 UF89 -
— uUL84 UL84 45B5
— UM81 UMs1 —
— uu12 EZ81 6CA4
()
[Mullard|
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VALVE, TUBE AND SEMICONDUCTOR DEVICE

EQUIVALENTS
Type Mullard American Type Mullard American
number equivalent  equivalent number equivalent  equivalent
uYs5s uY8s 38A3 6AJ8 ECH81 6AJ8
uYs9 uY89 — 6AK5 EF95 6AKS5
W17 DF91 1T4 6AKS8 EABC80 6AKS8
W25 DF%6 1AJ4 6AL3 EY88 6AL3
W719 EF85 6BY7 6AL5 EB91 6AL5
W727 EF93 6BA6 6AQ5 EL90 6AQ5
X18 DK92 1ACé 6AQ8 ECC85 6AQ8
X20 DK92 1ACé6 6AT6 EBC90 6AT6
X25 DK9%6 1AB6 6AU6 EF94 6AU6
X77 EK90 6BE6 6AV6 EBC91 6AV6
X719 ECH81 6AJ8 6BA6 EF93 6BA6
X727 EK90 6BE6 6BD7A EBC81 6BD7A
Y25 DM70 1M3 6BE6 EK90 6BE6
Z152 EF80 6BX6 6BL8 ECF80 6BL8
Z719 EF80 6BX6 6BM8 ECL82 6BM8
Z729 EF86 6267 6BQ5 EL84 6BQ5
ZD17 DAF91 1S5 6BX6 EF80 6BX6
ZD25 DAF96 1AHS5 6BY7 EF85 6BY7
1AB6 DK9% 1AB6 6C12 ECH81 6AJ8
1ACé DK92 1ACé 6C16 ECF80 6BL8
1AHS5 DAF96 1AH5 6CA4 EZ81 6CA4
1AJ4 DF%6 1AJ4 6CA7 EL34 6CA7
1ANS DP97 1ANS5 6CJ6 EL81 6Cl6
1C2 DK92 1ACé 6CM5 EL36 6CM5
1€3 DK9% 1AB6 6CS6 EH%0 6CS6
1F1 DF% 1AJ4 6CW5 EL86 6CWS5
1F2 DF92 1L4 6CW7 ECC84 6CW7
1F3 DF91 1T4 6D2 EB91 6ALS
1FD1 DAF96 1AHS5 6DAS EM81 6DAS
1FD9 DAF91 185 6DA6 EF89 6DA6
1L4 DF92 1L4 6DC8 EBF89 6DC8
1M1 DM70 1M3 6DJ8 ECC88 6DJ8
1M3 DM70 1M3 6DL5 EL95 6DL5
1N87 OA70 1N87 6DR8 EBF83 6DR8
1N541 OA79 1N541 6DS8 ECH83 6DS8
1N542 2-OA79 1N542 6DX8 ECL84 6DX8
1N618 OA95 1N618 6EH7 EF183 6EH7
1P1 DL9% 3C4 6EJ7 EF184 6EJ7
1P11 DL94 3V4 6ER5 EC95 6ERS
182 DY86 182 6ES6 EF97 6ES6
1S2A DY87 1S2A 6ES8 ECC189 6ES8
185 DAF91 1S5 6ET6 EF98 6ET6
1T4 DF91 1T4 6F19 EF85 6BY7
2N279 0OC70 2N279 6F22 EF86 6267
2N280 OC71 2N280 6FC7 ECC89 6FC7
2N281 0oC72 2N281 6FD12 EBF89 6DC8
2N282 2-0C72 2N282 6FG6 EM84 6FG6
2N1315 0C26 2N1315 6FY5 EC97 6FYS
2-OA79 2-OA79 1N542 6GV8 ECL85 6GV8
2-0C72 2-0C72 2N282 6GW8 ECL86 6GW8
3C4 DL96 3C4 6HG8 ECF86 6HGS8
3v4 DL9%4 3Vv4 6JX8 ECH84 6JX8
5AQ4 GZ32 5AQ4 6L12 ECC85 6AQ8
SAR4 GZ34 5AR4 6L13 ECC83 12AX7
(I
[Mullard]
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VALVE, TUBE AND SEMICONDUCTOR DEVICE

EQUIVALENTS

Type Mullard American Type Mullard American
number equivalent  equivalent number equivalent  equivalent
6L16 ECC84 6CW7 12BE6 HK90 12BE6
6LD12 EABC80 6AKS8 14GW8 PCL86 14GW8
6N3 EY82 6N3 15CW5 PL84 15CW5
6P15 EL84 6BQ5 15DQ8 PCL84 15DQ8
6R3 EY81 6R3 16A8 PCL82 16A8
652 EY86 6S2 17BTP4 AW43-80 17BTP4
6S2A EY87 6S2A 17C8 UBF80 17C8
678 EABC80 6AKS8 1723 PY81 1723
6U8 ECF82 6U8 18GV8 PCL85 18GV8
6X4 EZ90 6X4 19D8 UCH81 19D8
7AN7 PCC84 7AN7 19FL8 UBF89 19FL8
7DJ8 PCC88 7DJ8 19SU PY82 19Y3
7FC7 PCC89 7FC7 19Y3 PY82 19Y3
7HGS8 PCF86 7HGS 21A6 PL81 21A6
8A8 PCF80 9A8 21CLP4 AWS53-80 21CLP4
8D8 EF86 6267 25E5 PL36 25E5
9A8 PCF80 9A8 27GB5 PL500 27GB5
9AKS8 PABC80 9AKS8 30AE3 PY88 30AG3
9AQ8 PCC85 9AQ8 30C1 PCF80 9A8
9JW8 PCF802 9JwW8 30L1 PCC84 7AN7
10C14 UCHS81 19D8 30P18 PL84 15CW5
10FD12 UBF89 19FL8 35W4 HY90 35W4
10LD12 UABC80 — 38A3 uYss 38A3
10L14 UcCcss — 45B5 UL84 45B5
10P18 uLs4 45B5 50BM8 UCL82 50BM8
10PL12 ucCL82 50BM8 50C5 HL92 50C5
12AT6 HBC9%0 12ATé 54KU GZ32 5AQ4
12AT7 ECCB81 12AT7 64SPT EF80 6BX6
12AU7 ECC82 12AU7 171DDP UBF80 17C8
12AV6 HBC91 12AV6 6267 EF86 6267
12AX7 ECC83 12AX7

12BA6 HF93 12BA6

|
(I
[Mullard]
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TELEVISION TUBE A28' I 3w

28cm (11in.) rectangular direct viewing television tube
with metal backed screen and reinforced envelope.
A separate safety screen is not required. Especially for use in portable receivers.

HEATER
Vo .. ¥ ois s 74 r b % % - 11 \
h .. 5 68 mA

The heater supply circuit should prowde a nommal voltage of 11 Volts either d.c.
or a.c.

In case of a.c. mains, Vy, should not exceed 11 Volts +179; this takes into account
10% mains fluctuations and 79, components variations.

In case the heater is fed from any stabilised supply (or from the line output trans-
former) Vy should not exceed 11 Volts +109%.

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.

CAPACITANCES
Ca—all vs o a = o .. .. .. o 6.0 pF
Cic-all 25 s . iy o s o .. - 3.0 pF
Ca2+ad—M e & ¥ i ‘% i% _ _— - 550 to 850 pF
Ca2+ad-B - . o0 g i o 5 i - w125 pF
SCREEN
Metal backed
Fluorescent colour . . . .. . s .. white
Light transmission (approx.) .. e .. .. .. . 59 %
FOCUSING

Electrostatic

The range of focus voltages shown in “OPERATING CONDITIONS” results in
optimum overall focus at a beam current of 100p.A.

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 Dé.

RASTER CENTRING
Centring magnet field intensity I .. . 0to6.28 Gs
Maximum distance of centre of centring field from reference Ime 5.5 cm

Adjustment of the centring magnet should not be such that a general reduction in
brightness of the raster occurs.

()
Mullazd 5




A28- I 3w (Cont.) TELEVISION TUBE

MOUNTING POSITION .. s e .. Any

The tube socket should not be rigidly mounted but should have flexible leads and be
allowed to move freely.

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.

Note—The metal band (B) must be connected to the chassis via a 2M(Q resistor.

TYPICAL OPERATING CONDITIONS

Va2 +ad B o 1 11 kV
Va3 (focus electrode control range) .. .. 0 to 350 0 to 350 \%
Var .. .. . 250 200 to 350 \%
Vg for visual extinction of focused raster .. -35to-69 -35to-69 \
Vi for visual extinction of focused raster s 32 to 58  approx 45 \

DESIGN CENTRE RATINGS (unless otherwise stated)

*Va21aa max. (at zero beam current) .. .. - 12 kV
Va2+aa min. (when measured at 200p.A beam current) - i 7.5 kV
+ Vaz max. .. i i e i o o - 500 \%
~Va3 max. . s .. .. o - - .. 50 \%
Va1 max. (le )(—o) . . .. o o o o 350 \
Va1 min. .. » .. .. .. i o - .. 200 Y
t-Vg(pk) max. .. . - - - s s .. 350 \
~Vg max. .. - on - i w e " .. 100 \"
+ la3 max. - - - - 53 i o - % 25 uA
+la; max. .. . =¥ .. o om .. 5.0 A
**Vh-x (desngn maxlmum values)
d.c. max.. .. .. .. .. T - .. 3 80 \
pk max. .. i .. .. = x 53 o ..o 130 \
Ry max. .. .. . 3 .. .. 1.0 MQ
Zy e max. (f = SOc/s) - A s 1 e .. 100 kQ
Rg-x max. o 55 s 55 o 53 1,5 MQ
Zg g max. (f = 50c/s) . e .. 500 k€

*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.

tMaximum pulse duration 229, of a cycle with a maximum of 1.5ms.

1The 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.

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 10kQ resistor.

**In order to avoid excessive hum the a.c. component of V), i should be as low as
possible (< 20V r.m.s.).

WEIGHT
Tube alone - i 5% 5 . - - . 2.2 kg
4.85 Ib
Deflection angle .. % - B =2 .. s .. 90 deg
Light transmission . .. o - - o 7 59 %,
Overall length .. .. .. 55 - " o o 24.5 cm
()
e [Mullard|



TELEVISION TUBE A28-13W

7 pins dia 1:02* 0-05
h

kL h
RN

[/, 3 A\ " $

9 o ( ?"f‘hg T L
\ -', Lv:-.' £ o o

T al a2+a4+a 45 (8 X)R‘ /|

a3

10°*max

Pin dimensions asin B7G base

a2+a4 a3
g al
kh h { S—
7-15 max
‘\ 1-5 rad. max
6:0dia max—»
I
4-75 mln
102 ¢t 0-05dia
|| Not to be brought
O38m|n - to a shar oint
0'89maxt PP
(Note I)

H—O 64 max flat
Pin contour

Note I: This dimension may vary
within the limits shown around the
periphery of any individual pin

All dimensions in mm
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A28-13W con)

TELEVISION TUBE

Metal
%239t —— band B
Z S
Allowable i i
contact area fe———"—" ] —e{
l £
™ N g
& £ © ™

+

fe—>—50

e
Determined by the
plane of the upper edge
of the reference line
gauge JEDEC 126,

when the gauge is
resting on the cone.

I-—l29

fe——————245t5———— >

End of closely
controlled zone

Recessed cavity
connector CT8

% Eccentricity with
respect to centre
of screen IO max

All dimensions in mm
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TELEVISION TUBE A28-13W

( A28 -13W I L1 B393g ta2+a4
EESEEESE ! L (mA)
‘UT O I Grid modulation I
REER I I | !
L | Vgoeqq *75 tol2kv || HiHHHHH
| . ] ‘
[ [
1]
4
Vg V) -40 ~30 -~ 20 o _TTC;-N"— 47‘0

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE.
GRID MODULATION

(R
Ml x




A28-13W con) TELEVISION TUBE

T T17 i -
[A28-13wW T B3938
O T T T
7T 1- Cathode modulation T T [ 1111
O O H I
| V02.Q4 =7-5tol2kV T
P P A H
. |
0 R RN
I T
1 1l _— _._,_71_;,.‘,

N e e e e e
06 ‘ ‘ - |
- N EEREEEEEEE

Sl s

o 1o 20 30 40 Vi (V)

FINAL ANODE CURRENT PLOTTED AGAINST CATHODE-TO-GRID
VOLTAGE. CATHODE MODULATION
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TELEVISION TUBE | Ad7-11W

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 AW47-91.

HEATER
Suitable for series or parallel operation
Vi s o 53 - g e “s e e o 6.3 \

In s 300 mA
Note—(applies to series operatlon only) The surge heater voltage must not exceed
9.5V:.m.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-anl 6.0 pF
Ck-all .- : - 4.0 pF
Cagtad-M 1000 to 1500 pF
Ca2+ad-B 250 pF
SCREEN
Metal backed
Fluorescent colour .. , .. G2, = 53 - .. white
Light transmission (approx. ) .. = .. - ™ e 56 %
Useful screen area .. g s e . .. see page 29
FOCUSING

Electrostatic
The range of focus voltages shown in ‘OPERATING CONDITIONS' results in optimum
overall focus at a beam current of 100p.A.

DEFLECTION
Double magnetic
The deflection coils should be designed so that their internal contour is in accordance
with JEDEC gauge 126, and should provide a pull-back of 4mm on a nominal tube.

RASTER CENTRING -
Centring magnet field intensity .. s 0to10 G
Maximum distance of centre of centring fi f'eld 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 JEDEC 126

[Mullard| >



A47 I lw (< ) TELEVISION TUBE
- ont.

OPERATING CONDITIONS

Va2 a1 : : i - 18 18 kV
Vas (focus electrode control range) ‘s .. 0to400 0 to 400 \%
Var .. : s 400 500 \%
V, for visual extinction of focused raster, .. —40 to -77 -50 to -93 \
*#V) for visual extinction of focused raster .. 36to6é 45to 79 \

*For cathode modulation, all voltages are measured with respect to the grid.

DESIGN CENTRE RATINGS

*Vag+aa Max. (at lagiaa = 0) . - - ! .. .. 18 kV
Vag+aa Min. .. - o - 4 o o5 - e 13 kV
+ Va3 max. v - oa - - i s o e 1.0 kV
—Va3 max. . 3 s ar - - 5% o . 500 \%
** 4 Vag(pk) Max. . .. .. .. . - .. .. 2.5 kV
Va1 max. . o .. .. - s - .. .. 550 \
Va1 min. .. .. .. .. i P - o .. 350 \
*¥_vg(pk) MaX. . - - s - s oG .. 400 \
Vg max. 5% - 5% s o i £ 5 s« 180 \%
=+ la3 max. - o - - .. X .. 1 . 25 A
+ 131 max. .. .. - .. .. .. .. .. .. 5 uA

thfk

Cathode positive
d.c. max. .. - - s 6 e s % .. 250 \
pk max. .. o are 5 o e 5 .. 300 \
Cathode negative

d.c. max. .. .. .. .. e 57 .. . 135 \
pk max. .. .. .. - . .. - .. 180 \%
Rhfl\' max. ae e Bew 4% o 5 e 0% a5 10 MQ
Zy max. (f = 50c/s) - y3 i o3 - ais .. 100 kQ
Rg-k max. - i % - - o o 1.5 MQ
Z,  max. (f = SOc/s) o 500 kQ

*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.

**Maximum pulse duration 229 of a cycle with a maximum of 1.5ms.

1The 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 perlod immediately after switching the
receiver on or off when it may be allowed to rise to +2V. To ensure long life of the
tube it is advisable to limit the positive excursion of the video signal to + 5V ;i) max.
This may be achieved automatically by the series connection of a 10k(2 resistor.

tIn order to avoid excessive hum the a.c. component of V,  should be as low as possible
and must not exceed 20V, ..
During a warming-up period not exceeding 15 secs, v, k(pk) max. (cathode positive) is
allowed to rise to 410V.
Note - The metal band (B) must be connected to the chassis via a 2M() resistor,
soldering tags are provided for this purpose.
The mounting lugs will not necessarily be in electrical contact with the metal band.

(@
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TELEVISION TUBE A47' I I w

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 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.

- 425'5max — I 348 max -
- -399min note. |—» | =~ 318:5min note. = &
- 312 — (P coating) «—236 — > o
R’f 41 | [} ©
€
Lo P E o v
¥ v M+ i
so° S ¢
7 L. ) Ia
'\ %) / pla e
—— AT ! o
i I N R o) |
o £ |
e | s S ] ==-130dia min
Per{ms:uble | T 5 1 - - 70dia min
contact area Recessed cavity (P. coating)
connector CT8 s
| \\ 10% ©a2~u4
- > |20dia min - 8 i o
(P coating) NP
N a3 AT
End of closely al 6 0 g
controlled zone
- 425 5max - AN YA
- 393 - h [ h
B8H base
3I5R
i
|
X
o
E
©
<
©
v
| v
v
£ N
+—H7532 0&\“9 a2+a4
WO o —a3
PP ol
\4 hgqf g—
& it
»~
kh h
B9

All dimensions in mm
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A59-11W TELEVISION TUBE

59c¢m (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 AWS59-91.

HEATER

Suitable for series or parallel operation.
Vi s B s s o s o - " i 6.3 \

b o s o s - 3 . i i .. 300 mA

Note—(applies to series operation only). The surge heater voltage must not exceed
9.5Vi.m.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 capaci-
tance 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 % °r o% ws - o 5o o= T 6.0 pF
Ck-all - . me - . = s = o i w6 4.0 pF
Ca2iad-—M o iR = o .. .. - .. 1700 to 2500 pF
Ca2tad-B e e o " .. = e o .. 350 pF
SCREEN
Metal backed
Fluorescent colour : ‘i T o o - .. White
Light transmission (approx. ) .. 5 s " e .. 53 %
Useful screen area .. o .. .. ex . .. see page 32
FOCUSING

Electrostatic

The range of focus voltages shown in ‘OPERATING CONDITIONS’ results in optimum
overall focus at a beam current of 100p.A.

DEFLECTION
Double magnetic

The deflection coils should be designed so that their internal contour is in accordance
with JEDEC gauge 126.

REFERENCE LINE GAUGE .. .. . .. JEDEC 126
RASTER CENTRING
Centring magnetic field intensity : it ..0to 10 G
Maximum distance of centre of centring ﬂeld from reference line .. 57 mm

Adjustment of the centring magnet should not be such that a general reduction in
brightness of the raster occurs.

A0 N>



TELEVISION TUBE A59-1 1W

OPERATING CONDITIONS

Vu24—u].. . e . . e o .6 o 18
Va3 (focus electrode control range) .. .. 0 to 400
Va1 . 2 s bl .. .. .. 400
V, for visual extinction of focused raster. . .. -40to-77
*Vy for visual extinction of focused raster - 36 to 66

18

0 to 400
500

-50 to -93
45t0 79

*For cathode modulation, all voltages are measured with respect to the grid.

DESIGN CENTRE RATINGS
*Vagiaq Max.

Vagiaa min.
+ Vaz max.
—Vaz max.
¥+ Vag(pr) max.
Va1 max.
Va1 min.
**_Vg(pk) Max.
T-Vg max.
+ la3 max.
+ la; max.
ivh k
Cathode positive
d.c. max...
pk max.
Cathode negative
d.c. max.. .
pk max.
Rp-x max. .. ..
Zy . max. (f = 50c/s)
Rg-k max.

Zy i max. (f = 50c/s)

18

13
1.0

500

2,5
550
350
400
150
25
5

250
300

135
180
1.0
100
1.5
500

kV

< <K<

kV

kV
kV

kV

A <fc <

wA
uA

\
\

Vv

\
MQ
k€2
MQ
k€2

*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.

**Maximum pulse duration 229, of a cycle with a maximum of 1.5ms.

1The 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.

The maximum positive excursion of the video signal must not exceed +5V with a

series grid resistance of 10k().

tIn order to avoid excessive hum the a.c. component of Vy, i should be as low as possible.
During a warming up period not exceeding 15 secs, vi k(pk) max. (cathode positive) is

allowed to rise to 410V.

Note—The metal band (B) must be connected to the chassis via a 2MQ resistor,

soldering tags are provided for this purpose.

The mounting lugs will not necessarily be in electrical contact with the metal band.
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A59-1 W cons) TELEVISION TUBE

MOUNTING POSITION .. o .. 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 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.

Metcl band B

4 ox
¥ o8g
Allowable ~_ N l{ J‘
contact area AN # 0
= — o
TR -5 % )
~
o .
Q¢ @
W A . } o
= o% '
1 e Ref. ling JE
of } ‘
= |
~ |
~ |
Determined by the plane End of closely |
of the upper edge of the controlled zone i
reference line gauge —
JEDECI26. When the 120 min
gauge is resting on the e r
cone (P coating)
— 410 - -
——————— 427 max —— —
|
— ——— 402 min ——— =
| 7
= — 265 ——— o

Recessed cavity = a2 +a4

connector CT8

+1.07
Neck dia 286 _ g

% Eccentricity with L
respect to centre |
of screen I-5max

70min
Ay
(P coating)

ke 130min —= All dimensions in mm
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GERMANIUM DIODE

Germanium point-contact diode in minia-  (8208] Kk
ture all-glass construction for use in tele-
vision sound detector and radio detector
circuits.
a k
Q
DIMENSIONS
Max. body length .. 7.6 mm
Max. diameter - 27 mm
Mean lead length .. 27 mm
ABSOLUTE MAXIMUM RATINGS
At Tnmb 25 60 oc
Maximum reverse voltage
Peak 45 45 \
Average (averaged over 50ms perlod or d c. component) 30 30 \%
Maximum forward current
Peak . 100 100 mA
Average (averaged over any SOms perlod or d c. com-
ponent) . e . 35 15 mA
Surge (occasional overload max. duratlon 1s) 200 200 mA
Temperature ratings
Tstg max. 75 ac
Tstg min. -55 §
Tamp Max. 60 @
Tamp min. ; o3 g o =55 %C
Maximum junction temperature rise above ambient in
free air - .. . 0.45 °C/mW
Capacitance max.
(Vr = 2V, f = 470kc/s) 1.0 pF
(I
[Mullard | T



AAI L9 (o) GERMANIUM DIODE

CHARACTERISTICS
At Tumh = e " 5% 25
Av. Max. Av.
Forward voltage at forward current of
100p.A .. . T s 230 300 160
10mA - - o s 1.5 2,2 1.4
*30mA .- 55 T o 2.8 4.0 2.6
Inverse current at inverse voltage of
-0.1V - s s o 0.35 1.0 4.5
-1.5v .. 3% - > - 0.8 2.8 6.0
-10v .. .. - .. - 4.5 18 16
-30v .. .. .. . - 35 150 60
—45vV .. o € i - 90 350 170
*Measured by pulse method to avoid excessive dissipation.
DYNAMIC CHARACTERISTICS OF AA119 (see Fig. 1).
+
| ]
I >
| <>
Input C SR
|
 Figl
B1605 g
Frequency .. 55 W% s - 0.47 10.7
Vin(pk) . . .o o v, s ot 1.0 30
R - - - v - L 1.0 0.033
c o s i 5s a5 wi 50 330
*n (typical) at 25°C ., .. = s 85 85
Rq (typical) at 25°C .. 370 15

*n = (d.c. output voltage/peak input voltage) x 100.

(I

60 (e
Max.
250 mV
241
3.8
12 vA
25 A
60 pA
300 A
500 uA
38.15 Mc/s
3.0 \
0.082 MQ
33 pF
85 %
30 kQ

3 [Mullard|
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GERMANIUM DIODE

(vh)*1 Py
* L+ = mv-_.ow
. M7,
Vi
T
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1
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(AW) 4\ — == 0oz- 009- (Aw) ¥A
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= > & 2z
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TYPICAL CHARACTERISTICS AT AMBIENT TEMPERATURES OF

25 AND 60°C.
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AA129

Germanium junction diode intended for use
as a bias voltage stabiliser in portable radio
receivers using class ‘B’ output stages.

DIMENSIONS

Max. body length .. .. 15

Max. diameter

Min. lead length T - 37

CHARACTERISTICS (Tamn = 25°C)
Vr (Ir = 5mA) .. 175t0230

Temperature Coefficient

(lr = 5mA approx.) - -2.3 mV/°C

ABSOLUTE MAXIMUM RATINGS

’FM max.

Tstg max.

Tstg min.

Tamn max (contlnuous operatlon)
Oj—amn (free air)

JUNCTION DIODE

50:02mm

W\\

¥

S mem max

|

| 3 (o f‘? m:m;{

Diametar of o
Jaods 4‘mm‘

i
1

20 mA
+75 °0©
-55 °C
75 °C
0.4 °C/mW

Figs. 1, 2 and 3 show typlcal circuit conf'guratlons in whlch the diode may be used.
Using the circuit shown on fig. 1, the bias voltage of the output transistors should be

set allowing for a.g.c. operation.
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JUNCTION DIODE
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JUNCTION DIODE

AAI29 ...
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JUNCTION TRANSISTOR

Germanium p-n-p alloy junction transistor, [6579)
in metal envelope, for use in pre-amplifier

ACI25

2
and driver stages. e— c
o]
DIMENSIONS . oPo
Max. body length .. 94 mm ¢ ’
Max. diameter 5% 6.1 mm
b

Min. lead length .. 38 mm

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must also be taken into account.

Collector voltage
Veg max. (lg = OmA)
Ve max. (Rpg > 1k(2)

Collector current
l(‘M max.
*'('(AV) max.

Base Current
IMM max.
*I(av) max.

Reverse emitter-base voltage
Vegpym max.
*VEH(AV) max.

Total dissipation
T_| max. — Tamh-)
0
*Averaged over any 20ms period.

Piot max. (

Temperature ratings
Tstg max.
Tstg Min. o
Tj max. (continuous operatlon)
T; max. (intermittent operation total duration 200 hours max. )
Oj-amp max. (in free air)

0j-amp max. (with cooling fin mounted on a heat snnk of at Ieast
12.5cm?) - s

-32 \%
-32 \
100 mA
100 mA
5.0 mA
5.0 mA
-10 \%
-10 \"
500 mW
75 2%
-55 kL &
75 2C
90 °C
03 “C/mW
0.09 °C/mW
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Ac I 25 (CnE) JUNCTION TRANSISTOR

Typ. Max.
CHARACTERISTICS at Ty, = 25°C
Collector leakage current lcno
(Ves = =10V, Ig = OmA, T; = 25°C) - - 55 10 A
(Ve = =10V, Ig = OmA, T; = 75°C) 5 - 300 550 uA
Emitter leakage current lzno
(Ve = =5V, Ic = OmA, T; = 75°C) o3 s — <550 A
D.C. current amplification factor hpg
(Vcn = —SV, lE = 2mA) e W3 3.7 5 100 —
(VCB =0, IE = SOmA) . .o . .. 95 —
Base voltage Vie
(|L = 2mA VL]; = —SV) B0 s . - 105 — mV
(Ige = 100mA, Vep = 0V) .. - .. .. - 400 mV
Frequency at which |he| = 1 f1
(VC“ ==2V, g = 10mA) .o oo pe 1.7 —_— MC,/S
Cut-off frequency fute
(Ves = =2V, lg = 10mA) .. .. - .. 17 — kefs
Base resistance |Zen)
(Ves = =5V, lg = 1mA, f = 0.45Mc/s) .. .. 90 — Q
Collector capacitance Ce
(Ves = =5V, Ig = OmA, f = 0.45Mc/s) .. .. 40 <50 pF
Noise figure
(Ves = =5V, Ig = 0.5mA, f = 1kc/s |nput source
resistance = 500() : 4.0 <10 dB
Small signal characteristics at T, = 25°C
(V(‘u = —-SV, |]«; = 2mA, f = 1kC,"S)
Current amplification factor - «o hte 125 170
Input impedance = ats " .. hie 1.7 2.5 k{2
Voltage feedback ratio DT - .. hre 6.5x10* 85x10*
Output admittance . . .. .. .. hee 80 <110 AV

OPERATING NOTES

1. Transistors may be soldered directly into the circuit but the heat conducted to the
junction should be kept to a minimum by the use of a thermal shunt.

2. Transistors may be dip soldered at a solder temperature of 240°C for a maximum of
10 seconds up to a point Smm from the seal, or when vertically mounted for
5 seconds up to a point 2mm from the seal.

3. Care should be taken not to bend the leads nearer than 1.5mm to the seal.




JUNCTION TRANSISTOR

Germanium p-n-p alloy junction transistor, [8229]
in metal envelope, for use in pre-amplifier

ACI26

and driver stages. e c
5
DIMENSIONS e
Max. body length .. 94 mm
Max. diameter i 61 mm
b

Min. lead length & 38 mm

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must also be taken into account.

Collector voltage
Ve max. (Il = OmA)
Vee max. (Rge > 1kQ)

Collector current
|CM max.
H(?(AV) max.

Base current
|m\| max.
*'H(AV) max.

Reverse emitter-base voltage
VesM mMax.
*VEB(AV) max.

Total dissipation
Tj max. — Ta,,,l,)
]
*Averaged over any 20ms period.

Piot max. (

Temperature ratings
Tstg max.
Tstg min.
Tj max. (continuous operatlon)
T; max. (intermittent operation total duratlon 200 hours max)
;- max. (in free air)

()J amb Max. (with cooling fi f'n mounted ona heat smk of at Ieast
12.5cm?) il3 o i

-32 \%
-32 \%
100 mA
100 mA
5.0 mA
5.0 mA
-10 \%
-10 \%
500 mW
75 C
=55 €
75 i€
90 °C
0.3 °C/mW
0.09 °C/mW
M



ACI26 con)

CHARACTERISTICS at Tamp = 25°C

Collector leakage current leso
(VCB = —10V, IE = OmA, Tj = 250(:)
(Ves = =10V, Ig = OmA, T; = 75°C)

Emitter leakage current leBo
(VEB = —SV, |c = OmA, T] = 75°C)

D.C. current amplification factor hpg
(VCB = —SV, |1<} = 2mA)
(VCB = OV, IE = 50mA)
(Ves = 0OV, Ig = 100mA)

Base voltage Vir
('E 5 2mA, Vcn = 5V)
(IE = 100mA, V(jn = OV)

Frequency at which |hg| = 1 fi
(Ve = -2V, Ig = 10mA)

Cut-off frequency fute
(Ve = =2V, Iy = 10mA)

Base resistance |Zen]
(Ve = =5V, Ig = 1mA, f = 0.45Mc/s)

Collector capacitance Ce
(Ves = -5V, Iz = OmA, f = 0.45Mc/s)

Noise figure
(Ves = =5V, Ig = 0.5mA, f = 1kc/s, input source
resistance = 500(2) o A .. >

Small signal characteristics at Ty,p = 25°C
(V(tn = —SV. lE = 2mA. f= 1kC/S)

Current amplification factor e .. hee
Input impedance .. w3 i .. hie
Output admittance .. i o .. hee

OPERATING NOTES

Typ.

5.5
300

220
135
105

105

2.3

17

90

40

4.0

180
2.4
100

Max.

10
550

550

400

50

10

300
3.8
170

JUNCTION TRANSISTOR

wA
A

A

mV
mV

ke/s

Q

pF

dB

kQ
wA/V

1. Transistors may be soldered directly into the circuit but the heat conducted to the
junction should be kept to a minimum by the use of a thermal shunt.

2. Transistors may be dip soldered at a solder temperature of 240°C for a maximum of

10 seconds up to a point 2mm from the seal.

3. Care should be taken not to bend the leads nearer than 1.5mm to the seal.

¢ =D

Mullard
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JUNCTION TRANSISTOR

High-gain, germanium n-p-n alloy junction
transistor intended for use in medium power
n-p-n, p-n-p complementary push-pull out-
put stages.

DIMENSIONS
Max. body length .. 94 mm
Max. diameter 6.48 mm
Min. lead length s 38 mm

ABSOLUTE MAXIMUM RATINGS

ACI127

[6229]

P c
o
o Po
e ¢
b

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages component
tolerances and ambient temperature must also be taken into account.

Collector voltage
Vep max. (lg = OmA)
V(;E max. (RBE > 709)

Collector current
lem max.
*|C1AV) max.

Base current
IHM max.
*IB(AV) max.

Reverse emitter-base voltage
VEHM max.
*VEB(Av) max.

Total dissipation
Ty max. — Tamp)
) 'Ov*)

*Averaged over any 20ms period.

Piot max. :(

Temperature ratings
Ty max.
O -amy (in free air)

+32 \"
+32 \"
500 mA
500 mA
25 mA
25 mA
+10 \%
+10 \
280 mW
90 °c
0.37 °C/mW

[Mullard| 5



ACI127 S JUNCTION TRANSISTOR

CHARACTERISTICS at Ty, = 25°C

Min. Typ. Max.
Collector leakage current lcno
(Ven = +10V, g = OmA, Tymp = 25°C) o= 6.5 15 A
(Ves = +10V, Ig = OmA, Tamp = 75°C) o= 350 650 pA
Emitter leakage current leBO
(Ve = +5V, Tj = 75°C) o .. L= — 550 A
Collector knee voltage VCE(knee)
(lc = 300mA, see Fig. 1) .. 7 .. .. — — 500 mV
I
C I B
(mA) o
330F - ——
300} -- |
| |
| |
|
|
' |
LoV
VCE (knee) +Veg(V) B2255
Fig. 1
Iy adjusted such that Ic = 330mA and Veg = +1V.
Base voltage ViE
(Ve = +5V, lg = 2mA) .. .. .. .. — 120 — mv
(Ves = OV, Ig = 300mA) .. 5 i .. = — 800 mV
Frequency at which |hy| = 1 fi 1.5 2.5 — Mc/s
Current amplification factor hygr
(Ves = OV, Ig = 20mA) .. .. .. o 120 —
(Ves = OV, Ig = 50mA) .. - - Soo— 115 —
(Ve = 0V, Ig = 200mA) .. i i gy = 90 -
(Ves = OV, lg = 300mA) .. 3 i ov - 75 —
Cut-off frequency fute
(Ves = +2V, lg = 10mA) .. .. .. .. 10 20 == ke/s
Noise figure
(Rs = 5002, Ve = +5V, Iy = 0.5mA, f = 1kc/s) — 4.0 10 dB
Intrinsic base impedance [Zrn|
(Ves = +5Y, lg = 1mA, f = 0.45Mc/s) .. ..o— 70 — Q
Collector depletion capacitance Cto
(Ve = 5V, lg = OmA, f = 0.45Mc/s) .. L= 70 — pF

OPERATING NOTES
. Transistors may be soldered directly into the circuit but the heat conducted to the
junction should be kept to a minimum by the use of a thermal shunt.
2. Transistors may be dip soldered at a solder temperature of 240°C for a maximum
of 10 seconds up to a point 5mm from the seal, or when vertically mounted for
5 seconds up to a point 2mm from the seal.
3. Care should be taken not to bend the leads nearer than 1.5mm to the seal.

()
= [Mullard]
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JUNCTION TRANSISTOR

ACI28
2-ACI128

High gain, germanium p-n-p alloy junction
transistor, for use in class ‘A’ and class ‘B’
output stages. EaE9)

DIMENSIONS ¢ <
Max. body length .. 94 mm o
Max. diameter .. 61 mm obgo
Min. lead length s 38 mm ¢ <
b

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component

tolerances and ambient temperature must also be taken into account.

Collector voltage

Ve max. (lg = OmA) =32
Vee max. (Rg<4000Q) -32 \
Collector current
lom max. 1.0 A
*'C(AV) max. 10 A
Base current
Ipm max. 40 mA
*lu(,\\'; max. 40 mA
Emitter current
lgm max. 520 mA
*lE(,\\‘) max. 520 mA
Reverse emitter-base voltage
VeBm .. -10 \%
*VEB(A\') -10 v
Total dissipation
Piot max. (I‘fi“i’f;)f Ti"‘-") 700 mwW
*Averaged over any 20ms period.
Temperature ratings
T; max. 90 ‘€
T; max. (|nterm|ttent operatlon total duratlon 200 hours max) 100 “c
Tstg max. 75 °C
Tstg min. =55 °C
05—case 0.04 °C/mW
Oi—amp (in free alr) 0.29 °C/mW
Bj—amn (With cooling fin, in free alr) 0.14 °C/mW

[Mullard] rr



ACI128 JUNCTION TRANSISTOR
Z-AC I 28 (Cont.)

CHARACTERISTICS at Typp = 25°C

Min. Typ. Max.
Collector leakage current leno
(Ve = =10V, Iz = OmA, Ty = 25°C) o .= — 10 uA
(Ve = =10V, Ig = OmA, T; = 85°C) .. .. - — 750 pA
Emitter leakage current IEBO
(Ves = -5V, Ic = OmA, T; = 75°C) 55 s == — 500 pA
Collector knee voltage VCE(knee)
(le = 1A; see Fig. 1) a5 e — — 600 mV
I.c I B

(A)
I-1
I-0

IV
VCE (knee) = Vee (V) B2256
Fig. 1
I is adjusted such that Ic = 1.1A and Ve = -1V.
Base voltage VBE
(le = 3mA, Vgp = 0V) .. .. .. . — 130 —_ mV
(lg = 50mA, Ve = 0V) .. - .. .- — -300 mV
(lg = 300mA, V¢ = 0V) .. - o L.o— - -450 mV
(lg = 500mA, Veg = 0V) .. - .. . — —_ -550 mV
Frequency at which |hee| = 1 f1
(Ve = =2V, Iy = 10mA) .. e s .. 1.0 1.5 — Mc/s
Cut-off frequency fute
(Vcn = =2V, lg = 10mA) 55 10 15 b kC/S
Base resistance e
(Ves = =5V, Ig = 1mA) .. ey .. . = 25 — Q
Collector capacitance Cie
(Ve = =5Y, Ig = 0) .. - . .. 100 — pF
(N
[Mullard]
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JUNCTION TRANSISTOR

LARGE SIGNAL CHARACTERISTICS

lc - leso

Current amplification factor hyp, = ———
Is+leso
Min.
(lg = 50mA, V¢ = 0V) .. .. .. 55
(lg = 300mA, V¢ = 0V) .. & s .. 60
(lg = 1A, Ve = 0V) e . 45

Ratio of hye at Vg = =10V, I¢ = 500mA, Ry, = 16Q2
bie at Ic = 500mA
hse max.

CHARACTERISTICS OF MATCHED PAIR 2-AC128

Ratio of hpg of the two transistors at
|C = SOmA, VCB = 0V
lc = 300mA, Veg = 0V ..

OPERATING NOTES

ACI28
2-ACI28

Typ. Max.
90 175
90 175
80 165
0.5 0.6
14 1.25 :1
1.1 1.25 21

1. Transistors may be soldered directly into the circuit but the heat conducted to the
junction should be kept to a minimum by the use of a thermal shunt.

2. Transistors may be dip soldered at a solder temperature of 240°C for a maximum
of 10 seconds up to a point 5mm from the seal, or when vertically mounted for

5 seconds up to a point 2mm from the seal.

3. Care should be taken not to bend the leads nearer than 1.5mm to the seal.

47



AD I 40 AUDIO POWER TRANSISTOR

2-AD 140

Germanium junction, power transistor of B2rg

the p-n-p alloy type. Intended for use as an

amplifier in the output stages of receivers e—
and amplifiers operating from either battery X

or a.c. mains.

DIMENSIONS
Max. seated height .. 70  mm
Max. lead length .. 13 mm
Max. width .. . 26.2 mm
Max. overall Iength 395 mm

TO-3 Construction

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must be taken into account.

Collector voltage
Ve max. (lg = 0) .. - o -
Veg max. (lc = 0.5A, +Vgg = 2V) s
Veg max. (|C = 3.0A, +Vgg = 2V)
Collector current
lom max.
*|C(AV} max.

Emitter current
|I‘M max.
'I‘(AV) max.

Reverse emltter-base voltage

VhllM max.

*VEB(av) max.

Base current

|];'\[ max.

IB(AV) max. 6

*Averaged over any 20ms perlod

Total dissipation

At T(-a.se = < 31.5°C
At Tease = 37.5°C

(PM P _ Tj max. —T( N)
(’j case
Temperature ratings
Tstg Max.
Tstg min. .
T; max. (contmuous operatlon)
1T; max.

(|nterm|ttent operatlon total duration 200 hours)
@j case ..

-55
-40

ww
oo

ww
v

-10
-10

500
500

B
See page 51

+75
-55
90
100

<15

> > <<<

> >

mA
mA

°C
°C
°C

C/

tLikelihood of full performance of a circuit at this temperature is also dependent on

the type of application.

For full information on calculating junction temperature see operating notes.

(I

pr [Mullard]
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AUDIO POWER TRANSISTOR AD I 40

2-AD 140

CHARACTERISTICS at Tase = 25°C
Typical production spread

Min. Typ. Max.
Common base
Collector leakage current |Cn0
(Ves = =500mV, lg = OmA) — — 100 A
(Ve = =14V, Iy = OmA, Tj = 100°C) - — 10 mA
Common emitter
Base input voltage Vie
(Ve = =14V, lc = 30mA) 3% o -100 — — mV
(VCB = OV, |C = 1A) .o .o s — —_— -750 mV
(Ve = 0V, lc = 3A) .. - .. — — 1.2 v
Collector knee voltage o I Veg (knee) — -400 -800 mVY
(See Fig. 1)
Ic
(A) i
30—
|
|
|
l
|
I
|
t _ “Vee (V)
VCE (knee) Figl
IB adjusted such that IC = 3-3A with Vce = -1V
9607
LARGE SIGNAL CHARACTERISTICS
Current amplification factor hygy, = lc - loso
In+leno
(Ve = -1V, lc = 1A) i o s 30 - 100
hpg at lc = 1.0A, Ve = OV 0.5 i ol
hrg at lc = 100mA, Vcn = -14V ’
fhfe .o 3.0 4.5 — kc/s
CHARACTERISTICS OF MATCHED PAIR (measured at Tease = 25°C)
Ratio of the current amplification factor of
2-AD140 at |c = 3A o s s 1.25 :1
(D



AD I 40 AUDIO POWER TRANSISTOR

2-AD140 <.,

OPERATING NOTES
1. Dissipation and heatsink considerations.
The maximum total dissipation (Pt max. = (Vee % Ic)+ (Ve X IB) is given by the
relationship:
Tj max. - Tamp
Om+ Oi+ Oh
Where 0+ 0;+ 0y is equal to the junction temperature rise per watt above ambient.
The various components of the rise of junction temperature above ambient are
illustrated below:

Piot max. =

Junction temperature

'm = 1.5"C/W

y_Mounting base temperature
y Younthg base P

o1 =0.2°c/w'

| .
v _Chassis (heat sink) temperature

_y_Ambient _temperature
(CED]
*With mica insulation.
tMounted directly on to a chassis with thin film of silicone grease between contacting
surfaces.
On depends on the cooling conditions under which the transistor is used i.e. dimen-
sions, position and surface conditions of heat sink etc., a good air-cooled heat sink
will have an approximate value of 6y = 2.2°C/W. (7"x7”x1/16” blackened
aluminium).
On can be determined for a given collector dissipation and ambient temperature
by measuring the mounting base temperature.
Oh = Tcase > Tamb —0;°C/W
Ptot
The following example illustrates the temperatures which occur at various points
on the transistor at P, = 8W, T; = 90°C, 0, = 2.2°C/W.
Transistor with mica insulation
Junction temperature = 90°C
Mounting base temperature = 90-(8 x 1.5) = 78°C
Chassis (heat sink) temperature = 78-(8x 0.5) = 74°C
Ambient temperature = 74-(8x 2.2) = 56.4°C
The suitability of any design can be checked by measuring with a thermocouple
the mounting base temperature of the transistor operating at the selected collector
dissipation and maximum ambient temperature. The point defined by the mounting
base temperature and the total dissipation must lie below the line of the curve
on page 45 which results in T; < 90°C. If the point lies above the line the design
is inadmissible and the dissipation must be reduced or the heat sink improved. The
selected total dissipation should be the maximum attained by any transistor in the
design being checked.
2. Transistors may be dip soldered at a solder temperature of 240°C for a maximum
of 10 seconds up to a point 2mm from the seal.
3. Care must be taken to ensure good thermal contact between the transistor and
heat sink. Burrs or thickening at the edges of the four holes must be removed and
the transistor bolted down on a plane surface.

(@)
- Mullard]
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AUDIO POWER TRANSISTOR AD I 40

2-AD140

. [H A O I I LIET 8637
e |HT nat ADI40
(A | [T I T
[ I
| |
+ =t +
RN i l
I
I I i) B ] I
3 G 4 T
; 7 I
] ]
|
[
2 - 1
Permissible area of
operation under all + 1
conditions of base
e For operation |~ TT1]
| i ‘ /i in this region a0 i i
the circuit
must be I
capable of
providing {114
reverse
current bias.
o IR
r -0 ~20 -30 -40 -50 Vee (V)

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM COLLECTOR-
EMITTER VOLTAGE

Pial n ADI140 9581
W)

40

20

25 35 45 85 65 75 85 Tease (°C)

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST CASE TEMPERATURE

()
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AF I 02 R.F. JUNCTION TRANSISTOR

R.F. junction transistor of the p-n-p alloy- =
diffused type intended as an r.f. amplifier B22d]

Interlead shield

or mixer oscillator in television receivers at e 7= a3 metdl case
frequencies up to 260Mc/s. % S
eby ¢
DIMENSIONS \°° )
Max. body length .. 9.5 mm M
Max. diameter o 91 mm A
Min. lead length - 37 mm

Construction TO-7
ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these ratings.
In arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must also be taken into account.

Collector voltage

Vesm max. ., .. - .. .. - - .. -25 \%

Vep max. S .. .. .. .. " .. s =25 \%
Collector current

lem max . - - - - .. .. b 10 mA

lc(avy max. .. s - - = o - o3 10 mA

Emitter current
lgm max. .. - - ny - - - o 10 mA
|E(AV) max. .. o e o o o ai . 10 mA

Reverse emitter current

lem max. .. . i - - - " s 1.0 mA
lg(av) max. .. .. e I . .. .. .. 1.0 mA
Total dissipation 50 mW
Piot max. = T; max. = Tamn
0j-amn - o - - See page 55
Temperature ratings
Tste .. : e e .- as ..-55to0 +75 °C
T; max. (Contlnuous operatlon) - s - 75 °C
1T; max. (Intermittent operation total duration=200 hours max. ) 90 °C
OJ —amb . . s 3 o 0.6 "C/mW

tLikelihood of fuII performance of a circuit at this temperature is also dependent on
the type of application.

2 S



R.F. JUNCTION TRANSISTOR

CHARACTERISTICS at Ty, = 25°C

AF102

Typical production spreads

Min. Typ. Max.
Collector leakage current
(Ves = =12V, Iz = 0OmA) lcBo — — 10 uA
Emitter leakage current
(Vs = -300mV, lc = 0mA) lsso — — 50 pA
Base current
(Ves = =12V, lc = 1mA) I — — 50 pA
Base input voltage
(Ve = =12V, Ic = 1mA) Vee =220 — -360 mV
Frequency at which |hee| = 1
(Ves = =12V, Ig = 1mA) fi — 180 — Mc/s
Current amplification factor
(Vee = =12V, lIc = 1mA, f = 1kc/s)  hye 20 — =
Intrinsic base impedance
(Vcn ==12V, lg = 1mA, f = ZMC;’S) |Zn.l — 10 —_ Q
Noise figure
(VCE = —12V, |(' = 1mA, Rs = 3012,
f = 200Mc/s) - 6 7.5 dB
y-parameters
Common base
iin iout
eo 4 L 4 —0C
Vin X ¥¢b
Vi y“’ Yob 7
N (g + jwcip ) VoutX Yp, (Qop +jWCqps) | YOUL
bo < —o0 b
Fig. 1
Ven -9.0 9.0 Vv
Measured at: Ig 1.5 1.5 mA
f 50 200 Mc/s
Input conductance
(with output short circuited to a.c.) g, 50 30 mmho
Input capacitance
(with output short circuited to a.c.) ¢y -36 -20 pF
()
Mullard 53



AF I 02 (Cont.)

Transfer admittance

R.F. JUNCTION TRANSISTOR

(with output short circuited to a.c.)  |ym| 47 30 mA/V
Phase angle of transfer admittance

(with output short circuited to a.c.) ¢ 145 90 deg
OQutput conductance

(with input short circuited to a.c.) gob 30 300 uwmho
Output capacitance

(with input short circuited to a.c.) Cobs 2.0 2.0 pF
Feedback admittance

(with input short circuited to a.c.) [yrn]| 100 400 umho
Phase angle of feedback admittance

(with input short circuited to a.c.) brb -90 -90 deg

Common emitter
iin iout

b o— * 4 O C

% Yie Vinx Yge Yoe Yisgh

in| (g _+jwc ) (9, + jwc, )| Vou

gl' . le Voutx yr¢ Q“ J oes
eo —0 €
Fig. 2

Measured at Veg = =12V, Ic = 1mA, f = 450kc/s

Feedback capacitance

(with input short circuited to a.c.) Cre -0.8 pF
Measured at Veog = =12V, lc = 1mA f = 35Mc/s

Output conductance

(with input short circuited to a.c.) goe 10 umho

Output capacitance

(with input short circuited to a.c.) Coes 2.0 pF

()
= [Mullard]



R.F. JUNCTION TRANSISTOR AF | 02

DYNAMIC CHARACTERISTICS in measuring circuit at f = 200Mc/s
Min. Typ.

10 13

vom)ﬂ _4Rs
Vin Ry,
*The insertion losses of both tuned circuits are inclusive.

*Power gain (

Rsource Ferrite bead—s === 12V
300 InF 100pF
4-40
pF
Vin o-ga 023 R Vout
. 180pF ==
180pF 22 T
0
[7886) 10kA +10-3V

Fig. 3

R is chosen so that the total impedance of the output tuned circuit is 2.0k(2.

OPERATING NOTES

dB

1. The transistors may be soldered directly into the circuit but heat conducted to

the junction should be kept to a minimum by the use of a thermal shunt.

2. Transistors may be dip soldered at a solder temperature of 240°C for a maximum

of 10 seconds up to a point Smm from the seal.
3. Care should be taken not to bend the leads nearer than 1.5mm to the seal.
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AFl 14 AFII5
AF116 AFI17

Germanium junction transistors of the p-n-p
alloy diffused type in TO-7 construction

JUNCTION TRANSISTORS

[B22¢]

Interlead shield

intended for use in a.m./f.m. and a.m. and metal case
receivers. T
C
DIMENSIONS ( 8% >
Max. body length 9.5 mm A\ /
Max. diameter 91  mm e
Min. lead length 37 mm ks
Typical f
Application Power Gain at (Mc/s)
dB)
AF114 R.F. amplifier a.m./f.m. receivers 14 100
AF115 Mixer/oscillator a.m./f.m. and short wave
a.m. receivers 13 100
AF116 I.F. amplifier f.m. receivers 25 10.7
AF117 Mixer oscillator i.f. amplifier, m.w. and
l.w. a.m. receivers 42 0.45

Unless otherwise shown data is applicable to all types

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must also be taken into account.

Collector voltage
VQU max.
+Ver max.

1This value applnes when ;—" <100

Collector current
'CM max.
*'(:(A\\') max.
Emitter current
IEM max.
*IE(!\V) max.
Base current
|BM max.
*Ip(ay) max.
Reverse emitter current
ILM max.
*|1<( AvV) Max.
Total dissipation (at Tth = 45 c)
*Averaged over any 50ms period.

Temperature ratings
Tstg Max.
Tstg min.
FT; max. (contmuous operatlon)
0] amb

-20 \
-20 \%
10 mA
10 mA
1" mA
11 mA
1.0 mA
1.0 mA
1.0 mA
1.0 mA
50 mW
+75 °C
-55 °C
75 °C
<0.6 °/mWC

tLikelihood of fuII performance of a circuit at thus temperature is also dependent

on the type of application.
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JUNCTION TRANSISTORS

AFl114 AFII5

AF116 AFI17

CHARACTERISTICS at T,,,;, = 25°C
Common base

Collector leakage current
(Vs = -6V, Iz = OmA) leno

Common emitter
Base current

(Vep = =6V, I = 1mA) I
Base voltage
(Ve = -6V, |z = TmA) Vi

Small signal characteristics
Frequency at which |hee| = 1
(V(:B = —6V, |E = 1mA) f1
Current amplification factor
(V(‘]q = —6V, IE = 1IT|A, f= 1kC/S) h“;

AF114
Typical intrinsic base impedance |Z;| 20
Noise ﬁgure (V('].; — —6V, ||.; = 1mA)
Re = 5000, f = 1Mc/s e -
Rs = 2000, f = 10.7Mc/s NS -
R = 600, f = 100Mc/s e e
Conversion noise (Vcg = -6V, Iy = 1mA)
R. = 2.0kQ, f = 200kc]s i i -
ax. —
Typ. —
Ry = 5000, f = 1Mc/s Mk, -
Dynamic performance
f =100
. /Vuut) 2 4R~ Min. 12.5
Power gain (—VT, R, Typ. 14
()
[Mullard |

Min.

Typical production spread
Typ

Max.

— 1.2 8.0 A

— 7.0 25 A

-210 =270 -330 mV

— 75 - Mc/s

40 150 —

AF115 AF116 AF117

25 27 35 Q

15 1.5 1.5 dB

3.0 3.0 3.0 dB

3.0 3.0 — dB

— 4.5 — dB

9.5 — — dB

— — — dB

4.0 — 4.0 dB

7.0 — 7.0 dB

3.0 — 3.0 dB

5.0 5.0 5.0 dB

100 10.7 0.45 Mc/s

10 19 40 dB

13 25 42 dB
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JUNCTION TRANSISTORS

AFl 14 AFII5

(Cont.)

AF116 AFI117
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JUNCTION TRANSISTORS AFl114 AFI115
AFI116 AFI117

OPERATING NOTES

1. The transistors may be soldered into the circuit but heat conducted to the junction
should be kept to a minimum by the use of a thermal shunt.

2. Transistors may be dip soldered at a solder temperature of 245°C for a maximum
of 5 seconds up to a point 1.5mm from the seal.

3. Care should be taken not to bend the leads nearer than 1.5mm to the seal.

g /

Tams (°C)
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AF I 24 AF I 25 JUNCTION TRANSISTORS
AF126 AFI27 &=

shield
G
Germanium junction transistors of the p-n-p
alloy diffused type intended for use in a.m./ o d
f.m. and a.m. receivers. TO-18 construc- | 5
tion. 4 ¢ B
DIMENSIONS shield
Max. body length 53 mm b
Max. diameter 48 mm
Min. lead length 127  mm
Typical f
Application Power Gain at (Mc/s)
(dB)
AF124 R.F. amplifier a.m./f.m. receivers 14 100
AF125 Mixer oscillator a.m./f.m. and short wave
receivers 13 100
AF126 I.F. amplifier f.m. receivers 25 10.7
AF127 Mixer oscillator i.f. amplifier m.w. and l.w.
a.m. receivers 42 0.45

Unless otherwise shown data is applicable to all types

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must also be taken into account.

Collector voltage

Ves max. ‘s i e - Iy i 53 “s =20 \
*Veg max. - s e v i o - -20 \%
*This value applies when 2— <100
B
Collector current
lom max. o o % : - e .. T 10 mA
*IC(AV) max. r a0 s an e o e . 10 mA
Emitter current
lgm max. - - iy - s oy Ir s 11 mA
*lgav) max. . - o i Py i Py - 11 mA
Base current
Ism max. o ie .. T .. .. .. 23 1.0 mA
*lB(AV) max. 5@ 1.0 mA
Reverse emitter current
lgm max. s i 6 as ‘s s s s 54 1.0 mA
*lg(av) max. : 5% ais e - s 1.0 mA
Total dissipation (at Tmm;, = 30‘C) - 5 - - T 60 mW
*Averaged over any 50ms period.
Temperature ratings
Tste max. P i .. 22 .. . .. » +75 °C
Tstg min. aa .. e s = -55 *C
3T; max. (contlnuous operatlon) - o s i s 75 °C
<0.75 °C/mW

j—amb
fLikelihood of full performance of a circuit at this temperature is also dependent on

the type of application.
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JUNCTION TRANSISTORS

AF124 AFI25

AF126 AFI127

CHARACTERISTICS at Tymn = 25°C

Typical production spread

Min. Typ. Max.
Common base
Collector leakage current
(V(‘B = —6V, ||§ = OmA) |(jBO —_— 12 80 {J.A
Common emitter
Base Current
(Ve = =6V, Iy = 1mA) Iy - 7.0 25 nA
Base voltage
(Ve = -6V, Iy = 1mA) ViE -210 -270 -330 mV
Small signal characteristics
Frequency at which |hg| = 1
(Ve = -6V, Ig = 1TmA) fi — 75 — Mc/s
Current amplification factor
(V(‘E = —6V, |1q = 1mA. f = 1kC/S) hfp _— 150 —_—
AF124 AF125 AF126 AF127
Typical Intrinsic base impedance  |Zpy| 20 25 27 35 Q
Noise figure (Ve = -6V, lg = 1TmA)
_ _ Typ. — 1.5 1.5 1.5 dB
Ri o= 5000 1= b8 Max. — 30 30 30 dB
_ _ Typ. — 3.0 3.0 — dB
Rs = 2009, f = 10.7Mc/s Max. — i 45 _ dB
_ _ Typ. 8.0 9.5 — — dB
Rs = 600, f = 100Mc/s Max. 95 . _ _ dB
Conversion Noise (Vcg = -6V, Iy = 1mA)
_ - ; Typ. — 4.0 — 4.0 dB
Rs = 2.0k(, f = 100kc/s Max. _ 7.0 LR 70 dB
_ . Typ. — 3.0 3.0 3.0 dB
i 5 g e T Max. 50 50 50 dB
Dynamic Performance
f =100 100 10.7 0.45 Mc/s
: V()ut)2 4R Min. 12.5 10 19 40 dB
Pover D (W, R Typ. 14 13 25 2 dB
()
[Mullard] -



JUNCTION TRANSISTORS

AF126 AFI27 con)

AF124 AFI25
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JUNCTION TRANSISTORS AF124 AFI125
AF126 AF127

OPERATING NOTES
1. The transistors may be soldered into the circuit but heat conducted to the
junction should be kept to a minimum by the use of a thermal shunt.
2. Care should be taken not to bend the leads nearer than 1.5mm to the seal.
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AF178

Germanium junction transistor of the p-n-p
alloy-diffused type in TO-12 construction.
Intended for use as a mixer or oscillator at

frequencies up to 220Mc/s.

DIMENSIONS
Max. body length 660
Max. body diameter 8-50
Min. lead length 127

ABSOLUTE MAXIMUM RATINGS

mm
mm
mm

B227

R.F. TRANSISTOR

\_ shield

b
TO-12 Construction

shield

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must also be taken into account.

Collector voltage
Vep max.
1Vce max.

1This value applles when R— <100

Rg

Collector current
lem max.

*IC(AV) max.
Emitter current
lgm max.
*IE(AV) max.
Base current
IBM max.
*|B(AV) max. 3
Reverse emitter current
lgm max.
*IE(AV) max.

Total dissipation (see curve on page 66)
*Averaged over any 20ms period.

Temperature ratings
Tstg max.
Tstg min.

T; max. (contlnuous operatlon)
$T; max. (intermittent operation total duratlon 200 hours)

0j—amp Max

-25 \"
-25 \%
10 mA
10 mA
10 mA
10 mA
2.0 mA
2.0 mA
1.0 mA
1.0 mA
75 mW
+75 °c
-55 °C
75 °c
90 °C
0.6 °C/mW

fLikelihood of full performance of a circuit at thIS temperature is also dependent on

the type of application.
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R.F. TRANSISTOR

CHARACTERISTICS (at Tamy = 25°C)

Common base

Collector leakage current
(Ve = =12V, g = 0mA)

Reverse emitter-base voltage

I(‘M()

(Ic = OmA) Vir
Common emitter
Base current
(Ve = =12V, Iy = 1mA) In
Base input voltage
(Ves = =12V, Iy = 1mA) Vi
Small signal characteristics
Frequency at |hee| = 1
(Ves = =12V, Iy = 1mA) fy
Current amplification factor
(Vee = =12V, Ig = 1mA, f = 1ke/s) hye
Typical intrinsic base impedance
(VCB = —12V, ||<; = 1ITlA. f = ZMC/S) |Zr1),
Noise figure
(VCE = —12V, IE = 1mA,
f = 200Mc/s, Rs = 30Q2)

y-parameters
Common base

Measured at Ve = =12V, Ig = 1mA, f = 200Mc/s

Input conductance

(with output short circuited to a.c.)

Input capacitance

(with output short circuited to a.c.)

Transfer admittance

(with output short circuited to a.c.)

Phase angle of transfer admittance

(with output short circuited to a.c.)

Output conductance
(with input short circuited to a.c.)

Output capacitance
(with input short circuited to a.c.)

Feedback admittance
(with input short circuited to a.c.)

Phase angle of feedback admittance
(with input short circuited to a.c.)

Typical production spread

AF178

Min. Typ. Max.
—— — 10 A
-300 — — mV
— — 50 A
=220 - -360 mV
— 180 — Mc/s
20 — —
— 10 — Q
— 6.0 7.5 dB
gib 30 mmho
Cin -12 pF
[yr] 25 mA/V
Gy 90 deg
8oh 300 umho
Cobs 1.8 pF
I)’rh[ 400 ;Lmho
briy 270 deg
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AFI178 (Cont.) R.F. TRANSISTOR

y-parameters (contd.)
Common emitter
Measured at Veg = =12V, Ig = 1mA, f = 450kc/s
Feedback capacitance
(with input short circuited to a.c.) Cre -800 mpF
Measured at Veg = =12V, Ig = 1TmA, f = 35Mc/s
Output conductance

(with input short circuited to a.c.) Loe 10 umho
OQutput capacitance
(with input short circuited to a.c.) Coes 2 pF

OPERATING NOTES

1. Transistors may be soldered directly into the circuit but heat conducted to the
junction should be kept to a minimum by use of a thermal shunt.

2. Care should be taken not to bend the leads nearer than 1.5mm from the seal.

3. Transistors may be dip soldered at a solder temperature of 245°C for a maximum
soldering time of 5 seconds. The temperature of the envelope in contact with the
board must not exceed 115°C for two minutes. These recommendations apply
to a transistor mounted flush on a board with punched through holes or spaced
1.5mm above a board with plated through holes.
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R.F. TRANSISTOR AF I 79

Germanium junction transistor of the p-n-p B227]
alloy-diffused type in TO-12 construction.
Intended for use as a large signal i.f. ampli- e- §C

fier in a television receiver.

\
)
DIMENSIONS 4
Max. body length 6:35 mm
Max. body diameter 815 mm shield
Min. lead length 127 mm b

TO-12 Construction

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component

tolerances and ambient temperature must also be taken into account.

Collector voltage

Vs max. - - - - . .. . .. -25 \
1Ver max. 8 ‘i - 5 s 5 - -25 \'4
1This value applies when %— <100
Collector current

lem max. - - s i e i G . 15 mA
*lgav) max. .. . .. .. .. .. .. .. 10 mA
Emitter current

lgm max. .. .. .. .. .. .. .. .. 15 mA
*lgav) max. .. .. .. .. .. .. .. .. 10 mA
Base Current

Ism max. et . 2 .. .. .. - - 2.0 mA
*1g(av) max. .. .. .. .. . .. .. 2.0 mA
Reverse emitter current

lgm max. - . s - e - - .. .. 10 mA
*IE(AV) max. & % - - . awe o« .o 10 mA
Total dissipation (see curve on page 69) .. s r s 140 mW
*Averaged over any 20ms period
Temperature ratings

Tstg max. - v - . . s ois s .. +75 k] o

Tstg min. 68 5% < o 5 =55 oc

T; max. (contmuous operatlon) - 75 %€
1T; max. (|nterm|ttent operation total duration 200 hours) a5 90 °c

Oj—amp .. . o T . .. .. o - <0.32 °C/mW

fLikelihood of full performance of a circuit at this temperature is also dependant on

the type of application.
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AF I 79 (Cont) R.F. TRANSISTOR

CHARACTERISTICS (at Tamn = 25°C unless otherwise specified)

Typical production spread

Min. Typ. Max.
Common base
Collector leakage current leso
(Ves = =10V, Ig = OmA) = = 8
(Ver = =10V, lIg = OmA, T; = 75°C) — = 150
Common emitter
Base current In
(Vc]q =-10V, Iy = 3mA) a 40 100
(Vee = -6V, Iy = 5mA) — 16 40
Base input voltage Vig
(Ver = =10V, Iy = 3mA) -290 — -370
y-parameters
Common emitter
Measured at Ve = =14V, Iy = 6-5mA, f = 35Mc/s
Input conductance
(with output short circuited to a.c.) gie 6.5 1
Input capacitance
(with output short circuited to a.c.) Cie 35 40
Transfer admittance
(with output short circuited to a.c.)  |yyel 80 140
Phase angle of transfer admittance
(with output short circuited to a.c.) bre 322 317
Output conductance
(with input short circuited to a.c.) Zoe 100 150
Output capacitance
(with input short circuited to a.c.) Coes 1.8 1.8
Feedback admittance
(with input short circuited to a.c.) |Yrel 100 100
Phase angle of feedback admittance
(with input short circuited to a.c.) Ore 260 260
Measured at Ve = =10V, Iy = TmA, = 450kc/s
Feedback capacitance
(with input short circuited to a.c.) Cre -450

wA
A

A
pA

mV

mmbho
pF
mA/V
deg
wmho
pF
wmho

deg

mpF
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R.F. TRANSISTOR AF I 79

OPERATING NOTES

1. Transistors may be soldered directly into the circuit but heat conducted to the
junction should be kept to a minimum by use of a thermal shunt.

2. Care should be taken not to bend the leads nearer than 1.5mm from the seal.

3. Transistors may be dip soldered at a solder temperature of 245°C for a maximum
soldering time of 5 seconds. The temperature of the envelope in contact with the
board must not exceed 115°C for two minutes. These recommendations apply to a
transistor mounted flush on a board with punched through holes or spaced 1.5mm
above a board with plated through holes.
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AF I 80 R.F. TRANSISTOR

Germanium junction transistor of the p-n-p

alloy-diffused type in TO-12 construction. B227
Intended for use as a forward bias r.f. amp- » — shield
lifier in television tuners at frequencies up e /
to 220Mcs. / &
y 3 o d
DIMENSIONS v . -
Max. body length 660 mm |\ b e
Max. body diameter 8:50 mm | “_shield
Min. lead length 127 mm b

TO-12 Construction

ABSOLUTE MAXIMUM RATINGS
The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variation in supply voltages, component
tolerances and ambient temperature must also be taken into account.

Collector voltage
chmax. ~ 25 .o - ve = i - -25 \
fVCEmax. o e .o .o . . ste e -25 \

1This value applies when —::—B <100
E

Collector current

ICMmax. % 8 6 P is e .. .. 25 mA
*IC(AV) max. - = .. e e o = - 25 mA
Emitter current
IEMmax. S sa i e a5 Car oo o 25 mA
*'E(AV) max. i .o wiie .o e oo aiie ot e 25 mA
Base current
Igm max. o ; .. s - .. o 2z 3.0 mA
*Ig(av) max. .. . . ar ek . . 3.0 mA
Reverse emitter current
lgm max. . ar .. .. .- . x T 1.0 mA
Ig(av) max. .. 3 .. o 5s 1.0 mA
Total dissipation (see curve on page 73) - s i 2= 156 mW

*Averaged over any 20ms period
Temperature ratings

Tstg max. o is e - i % .. . T +75 .
Tstg min. . °F e .. s ¥ =55 °C
T; max. (contmuous operatlon) .. ¥ 75 °C
1T; max. (intermittent operation total duratnon 200 hours) 55 90 °C
Oj—amb .. . 3 R <0.32 °C/mW

fLikelihood of full performance of a circuit at thls temperature is also dependent on
the type of application.
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R.F. TRANSISTOR AF180

TYPICAL PERFORMANCE

common base
(Ve = =10V, Ig = 3.5mA, Ry = 400, Ry, = 1kQ)

Power gain f = 200Mc/s 14dB (excluding coil losses)
Noise factor f = 200Mc/s 6dB
Control range f= 50Mc/s 48dB (over current range 3.5 to <<14mA)
f = 200Mc/s 63dB (over current range 3.5 to <<12mA)
Interfering signal for 1%, cross modulation (source e.m.f. in 75Q)
f= 50Mc/s 100mV (for control range = 40dB)
f = 200Mc/s 50mV (for control range = 34dB)
Recommended d.c. operating condition
Vee = =12V, total emitter+ collector series resistance = 5100

CHARACTERISTICS (at Tamp = 25°C unless otherwise specified)
Typical production spread

Typ. Max.
Common base
Collector leakage current leso
(Vcn = —10V, In = OmA) vl 1) i = 10 [J.A
(Ves = -10V, Ig = OmA, T; = 60°C) .. .. - 100 uA
Noise figure
(Ve = =10V, Ig = 3.5mA, Rs = 40Q)
f= 50Mc/s .. oo s - " .. 4.0 — dB
f = 200Mc/s .. 0 e - - - 6.0 - dB
Common emitter
Base current In
(VCE = —10\/, IE = 3.5mA) v 2 P - 150 }J-A
(Veg = =5Y, Ig = 14mA) o s - = 1.0 mA
Base input voltage ViE
(Veg = =10V, Ig = 3.5mA) - 2. o -300 — mV
(Ve = =5V, Ig = 14mV) o & s -350 - mV




AF180 (con)

y-parameters

Measured at Vg = =10V, Ig = 3.0mA

f=
Input conductance
(with output short
circuited to a.c.) gib

Input capacitance
(with output short
circuited to a.c.) Cin

Transfer admittance
(with output short
circuited to a.c.) 7]

Phase angle of transfer
admittance
(with output short
circuited to a.c.) by

Output conductance
(with input short
circuited to a.c.) gob

Output capacitance
(with input short
circuited to a.c.) Cobs

Feedback admittance
(with input short
circuited to a.c.) |yrn)

Phase angle of
feedback admittance
(with input short
circuited to a.c.) brn

Measured at Vo = -10V, Iy = 1mA, f = 450kc/s

Feedback capacitance

Common base

50

63

87

150

20

3.0

40

200

(with input short circuited to a.c.)

OPERATING NOTES

200

30

50

95

140

3.0

140

240

R.F. TRANSISTOR

Common emitter

50
gie 11
Cie 36
lyrel 70
Qre 320
goe 50
Coes 3.0
lyre| 100
dre 270
Cre -250

200

27

2.0

35

255

280

3.0

412

256

Mc/s

mmho

pF

mA/V

deg

umho

pF

umho

deg

mpF

1. Transistors may be soldered directly into the circuit but heat conducted to the
junction should be kept to a minimum by use of a thermal shunt.

2. Care should be taken not to bend the leads nearer than 1.5mm from the seal.

3. Transistors may be dip soldered at a solder temperature of 245°C for a maximum
soldering time of 5 seconds. The temperature of the envelope in contact with the
board must not exceed 115°C for two minutes. These recommendations apply to a

transistor mounted flush on a board with punched through holes or spaced 1.5mm
above a board with plated through holes.

(.
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AF I 80 R.F. TRANSISTOR
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AF I 8 l R.F. TRANSISTOR

Germanium junction transistor of the p-n-p B227
alloy-diffused type in TO-12 construction. <hield
Intended for use as a forward bias i.f. amp- e —c

lifier in television receivers. /

C '
DIMENSIONS &
Max. body length 6:60 mm . » b e
Max. body diameter 850 mm : d \shield
Min. lead length 127 mm

TO-12 Construction

ABSOLUTE MAXIMUM RATINGS
The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must also be taken into account.
Collector voltage
VCBmaX. - e . 5 o W . % e —30 \"
1Ver max. .. - i :5 54 ie e i -30 A
R
1This value applies when R—B <100
E
Collector current

ley max. - - - ig %3 5s is i 6 20 mA
*|C(AV) max. . .o . .. .. . .s " 20 mA
Emitter current
lgm max. .. . ik ‘5 . - o i 20 mA
*IE(AV) max. 5 & T X T &% i a5 e 20 mA
Base current
Igm max. i - . s > - - - 2.0 mA
*IB(AV) max. s & . e 0 o . i i .. 20 mA
Reverse emitter current
IEMmax & Al S 5% oY % % 55 1.0 mA
*lg(av) max. - ; - .. = . 1.0 mA
Total dissipation (see curve on page 77) - 3 5 5 156 mW

*Averaged over any 20ms period
Temperature ratings

Tstg max. 51 .. o T .. v s i - +75 G
Tstg min. ; 54 s s i 25 -55 €
T max. (contmuous operanon) 53 3z 75 °C
$T; max. (intermittent operation total duratlon 200 hours) r 90 °C
()J —amhb wou @ P <0.32 L)C/I’TIW

fLikelihood of full performance of a circuit at thlS cemperature is also dependent on the
type of application.
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R.F. TRANSISTOR AF I 8 I

DYNAMIC PERFORMANCE OF CONTROLLED STAGE

f = 35Mc/s, Veg = =10V, Ig = 3mA

*Maximum unilateralised gain . . s - i - - 35 dB
Control range - i s - o a4 - 56 dB
| Yee|?
4'gi(-: * 8oe

CHARACTERISTICS (at Tamp = 25°C unless otherwise specified)
Typical production spread

Typ. Max.
Common base
Collector leakage current leso
(Ve = =10V, Ig = OmA, T; = 75°C) .. e - 70 250 uA
(Ves = -6V, lg = 0mA) s 53 o = 7-0 uA
Common emitter
Base current I
(Ve = =10V, lg = 3mA) .. " s . s 50 150 uA
(Vee = -6V, lg = 10mA) .. T .. iy ow 285 400 uA
Base input voltage Vi
(Vee = =10V, Ig = 3mA) .. - i 35 .. =360 -400 mV
(Vee = -6V, Ig = 3-5mA).. W .. 2 i3 — -420 mV

Recommended d.c. operating condition at Tamn = 45°C
Vee = =12V, Rg = 330, Rc = 1800, Rg(series) <1k
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AF I 8 I (Cont.) R.F. TRANSISTOR

y-parameters
Common emitter
Measured at Ve = =10V, f = 450kc/s lg = 3 mA

Input conductance
(with output short circuited to a.c.) gie 10 mmho

Input capacitance
(with output short circuited to a.c.) Cie 45 pF

Transfer admittance
(with output short circuited to a.c.) |yte] 85 mmho

Phase angle of transfer admittance
(with output short circuited to a.c.) bre -40 deg

Output conductance
(with input short circuited to a.c.) Loe 60 wmho

Output capacitance
(with input short circuited to a.c.) Coes 3.0 pF

Feedback admittance
(with input short circuited to a.c.) [Yreel 75 pmho

Phase angle of feedback admittance
(with input short circuited to a.c.) bre -90 deg

Measured at Ve = -10V, Iy = 1TmA, f = 450kc/s

Feedback capacitance
(with input short circuited to a.c.) Cre -400 mpF

OPERATING NOTES

1. Transistors may be soldered directly into the circuit but heat conducted to the
junction should be kept to a minimum by use of a thermal shunt.

2. Care should be taken not to bend the leads nearer than 1.5mm from the seal.

3. Transistors may be dip soldered at a solder temperature of 245°C for a maximum
soldering time of 5 seconds. The temperature of the envelope in contact with the
board must not exceed 115°C for two minutes. These recommendations apply to a
transistor mounted flush on a board with punched through holes or spaced 1.5mm
above a board with plated through holes.

(I
[Mullard]
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R.F. TRANSISTOR
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AF186

Germanium junction transistor of the p-n-p
alloy-diffused type in a TO-18 type construc-
tion. Intended for use as an amplifier with
forward bias control or as a self-oscillating
mixer in u.h.f. tuners at frequencies up to
900Mc/s. The AF186 is supplied in pairs,
each pair consisting of a preamplifier (w hite
dot) and a mixer/oscillator (green dot).

DIMENSIONS
Max. body length 10.29 mm
Max. diameter 48 mm
Min. lead length 127 mm

ABSOLUTE MAXIMUM RATINGS

GERMANIUM P-N-P
U.H.F. TRANSISTOR

B227
shiel/d

e c /
N\ c _/

\ g

)
4 .
b e
shield

b
TO-18 Construction

The equipment designer must ensure that no transistor exceeds these ratings.

In arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperatures must also be taken into account.

Collector voltage

VCB max. (IE = OmA) -25 \"
Veg max. (cut-off). . -25 \
Collector current
lem max. 15 mA
*IC(AV) max. 15 mA
Emitter current
lgpm max. 15 mA
*IE(AV) max. 15 mA
Reverse emitter current
—~lgm max. 1.0 mA
Total dissipation .. .. o 90 mW
*Averaged over any 20ms period.
Temperature ratings
Tstg Max. +75 °C
Tstg min. .. i 5% = -55 %C
Tj max. (continuous operation) 75 °C
1T; max. (Intermittent operation total duration 200 hours) . . . 90 °c
Oj-amn <0.5 °C/mW

fLikelihood of full performance of a circuit at this temperature is also dependent on

the type of application.
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GERMANIUM P-N-P
U.H.F. TRANSISTOR AF I 86
CHARACTERISTICS (at Tamp = 25°C unless otherwise specified)

) Typical production spread

Min. Typ. Max.

Collector leakage current leso

(Ves = =10V, Ig = 0mA) — — 35 uA

(Ves = =10V, Ig = OmA, T; = 75°C) — — 60 uA
Emitter breakdown voltage BVEgBo

(leBo = 50uA) .. 52 s o 300 — — mV
Base current I

(Ve = =10V, Ig = 2mA) - i — — 100 pA
Emitter to base voltage ViR

(Ves = -10V, Ig = 2mA) " - -270 — -390 mV

Recommended d.c. operating condition as a r.f. amplifier (at Tamp = 45°C)
Vee = =12V, Ig = 2mA, total emitter+ collecter series resistance = 820().

y-parameters
Characteristics unless otherwise shown, power gain and noise figures are measured
in the common base configuration at Veg = =10V, Iy = 2mA and with a lead length
of 3mm.

R.F. amplifier Mixer/Oscillator

Base current Is

(Ves = =5V, lg = 10mA) T " <500 — pA
Emitter to base voltage Vin

(VCB S -5V, IE — 10mA) e - 400 _— mV

f = 35Mc/s
Output conductance gob — 30 umho
Output capacitance Cobs —_ 1.4 pF
f = 500Mc/s
Input conductance gib 17 17 mmho
Input capacitance Cib -4.2 -4.2 pF
Transfer admittance [Yen] 23 23 mmho
Phase angle of transfer admittance bin 90 90 deg
Output conductance gob 340 340 umho
Output capacitance Cobs 1.4 1.4 pF
Feedback admittance [Yro| 310 310 umho
Phase angle of feedback admittance Orb 250 250 deg
Power gain (Rg = 509, Ry, = 500(2) 10.5 10.5 dB
Noise figure (Rs = 5002) 7.0 e dB
(@)
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G A -N-
AF I 86 (Cont.) Ulli-lnlh;I TT(:\UNF;I:TT):

y-parameters

f = 800Mc/s R.F. amplifier Mixer/Oscillator
Input conductance . s gib 12 — mmho
Input capacitance - r Cin -2.0 — pF
Transfer admittance o s [Yin| 16 — mmho
Phase angle of transfer admittance by 55 —_ deg
Output conductance s o gob 625 — umho
Output capacitance " - Cobs 1.4 — pF
Feedback admittance < as [Yen| 330 — pwmho
Phase angle of feedback admittance drb 250 — deg
Power gain (Ry = 500, Ry, = 500(2) 9.0 — dB
Noise figure (Rs = 500) .. s 8.5 — dB
f = 900Mc/s
Input conductance 55 T gin = 12 mmho
Input capacitance - 5 Cin — -2 pF
Transfer admittance . . [ Yen)| — 15 mmbho
Phase angle of transfer admittance b — 40 deg
Output conductance - - gon s 625 umho
Output capacitance .. = Cobs — 1.4 pF
Feedback admittance 5 . [Yen| — 330 umho
Phase angle of feedback admittance brb — 240 deg
Power gain (Rs = 5002, Ry, = 500(2) — 7.5 dB

OPERATING NOTES

1. Transistors may be soldered directly into the circuit but heat conducted to the
junction should be kept to a minimum by the use of a thermal shunt.

2. Careshould be taken not to bend the leads nearer than 1.5 mm from the seal.

3. Transistors may be dip soldered at a solder temperature of 245°C for a maximum
soldering time of 5 seconds. The temperature of the envelope in contact with the
board must not exceed 115°C for two minutes. These recommendations apply to a
transistor mounted flush on a board with puched through holes or spaced 1.5mm
above a board with plated through holes.
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TELEVISI(?N T.U.BE B | Aw47-9 I

47cm (19-in.) direct viewing television tube with metal-
backed grey glass screen. This tube is electrostatically
focused and has a 110° deflection angle. An ion trap magnet is not required.

HEATER
Suitable for series or parallel operation.

Vi .. e a5 o Y: or .. i i o 6.3 v

|h 300 mA

Note—(applies to series operation only). The surge heater voltage must not exceed
9.5V;.m.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 capaci-
tance 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 e . ‘e . . ok g% én w3 6.0 pF
Ck—all o . . .. .. . 4% .. o 4.0 pF
Ca2+ad-M .. e o o ais o i @i .. 1150 pF
SCREEN
Metal backed
Fluorescent colour s ey - - v . - White
Light transmission . i3 i o, o 75 %
Useful screen area . o G See drawmgs on page 83
FOCUSING

Electrostatic
The range of focus voltage shown in operating conditions results in optimum overall
focus at a beam current of 100uA.

DEFLECTION

Double magnetic

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

RASTER CENTRING
Centring magnet field intensity 0to 10 G
Maximum distance of centre of centrmg ‘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.

()
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AW47 9I © ; TELEVISION TUBE
- ont.

OPERATING CONDITIONS

Va2+ad .o . .o . . .o 16 kV
Va3 (focus electrode control range) a1 e e 5% 0 to 400 \%
Var .. - “s o s ¢ s - s .. 400 \'
1Vg for visual extinction of focused raster .. .. .. —40to-77 \%
1V for visual extinction of focused raster y = 36 to 66 \'%

tFor grid modulation all voltages are measured wuth respect to the cathode; for cathode
modulation, all voltages are measured with respect to the grid.

DESIGN CENTRE RATINGS

Ztvuz;a4 max. &% % o & o & o %% 5 18 kV
Vu29—a4 min. . 3 —_ 4% o i % 477 13 kV
+ Vaz max. - .. .. .. .. .. .. .. 1.0 kV
~Va3 max. i T i a3 - i 55 a4 500 \"
** 4+ Vag(pk) Max. s - e s e s - - 2.5 kV
Va1 max. .. .. .. .. o . .. .. 550 \'%
Val(pk) min. i I o $1s. &% &% o - 400 v
**—Vg(pk) max. 8 PR 53 @ §wb o o 5% 4’00 v
¥—vg max. .. .. I o5 . - - - . 150 \
+ la3 max. .. v .. .. . . .. .. 25 A
+ a1 max. .. 5% = . 4 5 o - e 15 A
TVn-x
Cathode positive
d.c. max. .. e as )= .. o - .. 200 \"
pk max. .. - o 7 - - ot .. 300 \%
Cathode negative
d.c. max. .. s 93 i a0 ¥ Vs w129 \
pk max. .. o e s o » .. .. 250 \
thmax . v o 74 %) e o 1.0 MQ
Zy o max. (f-SOc).. .. - - . .. ... 100 kQ
Rg-x max. . .. - - - i o 1.5 MQ
Zy  max. (f = 50c /s) . - o ’ 500 kQ

tAdequate 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.
**Maximum pulse duration 229, of a cycle with a maximum of 1.5ms.

*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.

tIn order to avoid excessive hum the a.c. component of Vy, i should be as low as possible
(<20Vr.m.s.)- )
During a warming-up period not exceeding 45s, vy (k) max. (cathode positive)
is allowed to rise to 410V.

-
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\ TELEVISION TUBE

' MOUNTING POSITION

AWA47-91

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

WARNING

16kV

WEIGHT
Tube alone

~ 0
—a4165232— Q¥
9-5R 1y

<40%3
|
l
|
|

Tt
\ 7

Determined by the
plane of the upper
edge of the

reference line

gauge JETEC 126
when the gauge . is
resting on the cone.

N\

\
Allowable
contact area

The maximum value is determined: by the reference line gauge

-—
[Mullard]
NN

l All dimensions in mm
:
:
]
!
L
]

End of closely
controlled zone

a circle 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.

X-ray shielding is advisible to give protection against possible danger of personal
injury arising from prolonged exposure at close range to this tube when operated above

7 kg
15 Ib

ﬁfasgt}z——‘

Recessed
cavity
connector
cT8

—a3
—ay
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AWS59-9]| TELEVISION TUBE

59cm (23-in.) direct viewing television tube with metal-
backed grey glass screen. This tube is electrostatically
focused and has a 110° deflection angle. An ion trap magnet
is not required.

HEATER

Suitable for series or parallel operation
.. . u 300 mA

Note—(apphes to series operation only) The surge heater voltage must not exceed
9.5Vr.m.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 .o .. oo ot i T 3% e - 6.0 pF
Ck-all o . = v s o o .. " 4.0 pF
Ca2+ad-M .. o e - = . - .. .. 2100 pF
SCREEN
Metal backed
Fluorescent colour . i iy - - .. White
Light transmission (approx Y e - - - - : 75 Ve
Useful screen area . 5 - w - o5 see page 86
FOCUSING

Electrostatic
The range of focus voltages shown in “OPERATING CONDITIONS" results in optimum
overall focus at a beam current of 100u.A.

DEFLECTION

Double magnetic.
The deflection coils should be designed so that their internal contour is in accordance
with JEDEC gauge 126, and should provide a pull-back of 4mm on a nominal tube.

REFERENCE LINE GAUGE

JEDEC 126

RASTER CENTRING
Centring magnet field intensity 0to10 G
Maximum distance of centre of centrlng “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.

()
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TELEVISION TUBE AW59-9 I

OPERATING CONDITIONS

*Vag+aa mMax. o . O 57 53 3 18 kV
Va3 (focus electrode control range) s .. .. . 0 to 400 \
Vai g i - o .. .. .. . .. 400 \
Vg for visual extinction of focused raster .. . .. 40 to -77 \

*Vy for visual extinction of focused raster .. . . 36 to 66 Vv

*For cathode modulation, all voltages are measured wnth respect to the grid.

DESIGN CENTRE RATINGS

*Vasiaa Max. (at |a2+a4=u). . ¥ @ o T _ e wie 18 kV
Vu2~u-| min. s s o 52 3] S e 3 e 13 kV
+ Vaz max. w5 s o S T £ S o 1.0 kV
~Va3 max. 5 i - s 5% - w 4% 500 \%
T'{‘ Ya3(pk) Max. - i - - - o v A 2.5 kV
Var max. 53 o3 . . .. . .. .. 550 \%
Val(pk) min. “ s _— oo o o - . 400 \%
T—Vglpk; max. - e e o .~ i o % 400 \%
-V max. .. - i3 S - i3 - 41 .. 150 \
=+ laz max. .. - & i s i % - 63 - 25 nA
ilulmax. . s alm e e §3 2 & - §% 5 y.A
§Vl| I
Cathode positive
d.c. max. w5 os e i - - - .. 250 \
pk max. - is i - - - s .. 300 \
Cathode negative
d.c. max. . ot - i 0% §% e .« 135 \
pk max. .. .. " .. i o .. 180 \"
Ry—x max.. . .. . .. - .. .. w .. 1.0 MQ
Zy o max. (f = 50c/s) .. e - ons .. . .. 100 kQ
Rg—x max. .. .. o .. .. e .. 1.5 MQ
Zy  max. (f = 50c 1) . i ; 500 kQ

*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.

tMaximum pulse duration 229 of a cycle with a maximum of 1.5ms.

1The 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. To ensure long life of the
tube it is advisable to limit the positive excursion of the video signal to + 5V i) max.
This may be achieved automatically by the series connection of a 10k(: resistor.

§In order to avoid excessive hum the a.c. component of Vi, should be as low as possible
(<20Vr.m.s.)-

During a warming up period not exceeding 15 secs, vy—k(pk) max. (cathode positive)
is allowed to rise to 410V.

()
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AW59-91 o) TELEVISION TUBE

MOUNTING POSITION

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 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.

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 16kV.

See detail ‘A’
’— = 520:5%3:2 ——— - 419132 -
240 - | &
| T— (R=1225) | 1
IR e ———— T [ = e
=3 l © == s
5 1225R | 700R )
I _—99° Dl N i 525R, |
S Py
N/ ERE
; 5 QF o
Ref. line i QDI B
L lx ] Recessed
) ) go cavity
Determined by \"27:8 € | connector
the plane of the™]! L min \ cT8
upper edge of thely \ \ v

reference line Py \
gauge JETEC 126 Allowable
when the gauge contact area End of closely

is resting on the controlled zone ! +10
cone. /\

385 min

—a3
—a)

All dimensions in mm [9432)
® The maximum value is determined by the reference line gauge
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SILICON PLANAR TRANSISTOR Bc I 07

Silicon n-p-n planar transistor for use in
low noise input stages.

53,
max

DIMENSIONS o £
Max. body length 53 mm g &f
Max. body diameter 48 mm ' | |
Min. lead length 127 mm | [—
TO-18
ABSOLUTE MAXIMUM RATINGS
Collector voltage
Vep max. . .. - T - .. .. . .. +32 Y
Ver max. .. .. .. .. .. .. .. - .. +32 \
Vep max. o - . - .. A% .. .. .. +5.0 \'
Collector current
ICMmax. 5 e s s % 4 - T §'s 30 mA
lcavy) max. .. .o . .. .. . . . .o 30 mA
Base current
Ianax. 0% o oS %% ) w6 o % S o 5.0 mA
Total dissipation
Piot max. (In free air Tamp = 25°C) i e % - . 300 mW
Temperature ratings
Tsig max. 53 - G s 5 e s s oe 175 °c
Tstg min. i i e .. - .. .. .. .. =55 %0
T; max. 175 °C
CHARACTERISTICS at T, = 25°C (unless otherwise stated)
Typical production spreads
Typ. Max.
Common base
Collector-base cut-off current leso
(Ves = +10V, Iz = 0mA) — 10 nA
(Ve = +10V, Ig = OmA, T; = 175°C) — 2.0 A
Emitter cut-off current leno
Veg = +5V, lc = OmA — 10 nA
[
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BCIO07...,

Small signal forward current
transfer ratio

V(~|g = 45V, I[.; = 2mA
Base emitter voltage
Ve = +5V, Ig = 10pA
Vew = +5, lp = 10mA
Base current .. w3
Ves = +5Y, I = 10pA
Ve = + 5V, lp = 2mA

Noise figure ..

Ve = +5VY, Ig = 10uA .

Rs = 10k, f = 10 to 10,000c/s
Transition frequency ..

Ve = +5VY, Ig = 500uA ..

Ves = +5Y, Ig = 10mA
THERMAL CHARACTERISTIC

0j-amp Max.

88

SILICON PLANAR TRANSISTOR

Min.

NF

fre

Typ.

90
8.0

90
250

0.5

Max.
+ 550 mV
+800 mV
— nA
— pA
4.0 dB
4.0 dB
- Mc/s
— Mc/s
deg.C/W




SILICON MESA TRANSISTOR

Silicon n-p-n mesa transistor, intended for
application in video output stages.

DIMENSIONS

e <
Max. body length 635 mm T
Max. body diameter 815 mm 3
Min. lead length 38 mm ’i T |
1T
s E F
ABSOLUTE MAXIMUM RATINGS > l_l_G-l-';
Collector voltage TO-5
Vep max. +135 \%
Veg max. +135 \%
VBE max. 5.0 \
Collector current
lem max. 50 mA
|C(AV) max. 50 mA
Base current
g max. 10 mA
Ip(av) max. 10 mA
Total dissipation
Piot max. 1.2 \\%
Temperature ratings
Tstg Max. . +175 °C
Tstg min. - =55 °C
T; max. . +175 °C
0j-case Max. <6.0 °C/W
CHARACTERISTICS at Tyn, = 25°C
Breakdown voltages
(lceo = 100p.A) V(BR)CBO . 2135 \Y
(leBo = 100uA) V(BR)EBO - =>5.0 \"
(lceo = 4mA) V(BR)CEO . =110 \"
Current amplification factor
(Ve = 10V, Ic = 10mA) hpg =20
Feedback capacitance
(Ver = 10V, Ig = 0, f = 0.5Mc/s) Cre <3.0 pF
Transition frequency
(Ve = 10V, lc = 10mA) f >80 Mc/s
Voltage feedback time constant
(Ve = 10V, Iy = 10mA) [hen|/27e <350 p
(N
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BF I I 5 SILICON EPITAXIAL TRANSISTOR

Silicon n-p-n planar epitaxial transistor,
for a.m. and f.m. applications.

DIMENSIONS e T
Max. body length 53 mm £ &f
Max. body diameter 48 mm | I l
Min. lead length 127 mm ‘
»le-043
SO-12A/SB4-3

ABSOLUTE MAXIMUM RATINGS
Collector voltage

Vep max. + 50 Y

Veg max. +50 v
Collector current

lem max. 30 mA

lC(AV) max. 30 mA
Base current

lgm max. 21 pA
Total dissipation

Pt max. (In free air, Tamp < 45°C) 145 mW
Temperature ratings

Tite Max. 175 “C

T; max. 175 “G
CHARACTERISTICS at Ty, = 25°C (unless otherwise stated)

Typical production spreads
Min. Typ. Max.

Collector-base cut-off current leso

Ve =10V, Il =0, T; = 175°C .. — 500 — nA
Collector-base breakdown voltage V(Br)CRBO

lc = 10pA, Ig =0 50 — — \%
Emitter-base breakdown current V(BRIEBO

lg = 10pA, Ic =0 5.0 —_ —_— v
Collector-emitter breakdown voltage V gr)cro

Ig = 2.0mA, Iz =0 30 — — \%

(I
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SILICON EPITAXIAL TRANSISTOR

Base emitter voltage .. .. VyE
!E = 1.0mA, VCB = 10V

Transition frequency .. fr
E = 1. 0mA VCB = 10V fi= 35MC/

Noise figure .. .. NF
'E = 1 OmA VCB = 10V

f = 200kc/s, Rs = 30002
IE = 10mA, VCB = 10V,
f = 1.0Mc/s, Rs = 50Q
|E = 1.0mA, VCB = 10V,
f = 1.0Mc/s, Rs = 300Q
Y-parameters

Common emitter measured at
= 1.0mA, Ve = 10V, f = 450kc/s

700

230

1.2

3.5

1.2

400
25

1.5
270

4.0

1.4

35

umho
pF
umho
deg
umho
pF
mmho
deg

Input conductance .. x s 8ie
Input capacitance .. g3 e Cle
Feedback admittance - ; | yrel
Phase angle of feedback admlttance bre
Output conductance. . pe pLs 8oe
Output capacitance .. - - Coe
Transfer admittance .. .. | yte|
Phase angle of transfer admittance bre
(I
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BY | 00 SILICON JUNCTION RECTIFIER

Silicon diffused junction rectifier for use as a k
mains rectifier in television receivers. B230 |2
DIMENSIONS

Max. overall length 68.6 mm 8 k

Max. diameter 10.16 mm

Max. body length

excluding leads 9.0 mm &
a

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no rectifier exceeds these ratings. In arriving
at the actual operation conditions, variations in supply voltages, component tolerances
and ambient temperature must also be taken into account.

Voltage ratings

Maximum recurrent P.L.V. s o .. 800 \%
Maximum transient peak (max. duration = 10ms) .. .. o 1.25 kV

Current ratings
Maximum average forward current

Tamp < 50°C % - £ . . e - .. 550 mA
Tamp > 50°C .. .. - .. - . .. 450 mA
Maximum recurrent peak - 5.0 A
Maximum surge (Sine wave operatlon max. duration = 10ms) i 55 A
Temperature ratings
Tstg max. .. .. - os 7l 5z - .. .. +150 °C
Tstg min. s s 23 . s i " .. =55 2C
Tamn max. . . wis o T s ‘s - 5% 70 °C
CHARACTERISTICS (Tcase = 25°C)
|n atVR_—800V - 5 5 g% - 5% o o <10 [LA
OPERATING CONDITIONS
For a voltage receiver with three main taps. (Creservoir = 200uF).
Voltage tap range lo = 100 200 350 550 mA
(Vr.les.) Riim (min.) Q
200-210 6.0 6.0 6.0 6.0
220-230 39 25 19 15
240-250 90 52 35 26

OPERATING NOTES

1. Diodes may be soldered directly into the circuit but the heat conducted to the
junction should be kept to a minimum by the use of a thermal shunt.

2. Diodes may be dip soldered at a solder temperature of 240°C for a maximum of
10 seconds up to a point 5Smm from the seal.

3. Care should be taken not to bend the leads nearer than 1.5mm to the seal.

IMPORTANT
The metal envelope of the rectifier is in contact with the metal stud which forms the
output electrode of the device. It is thus essential to ensure that this envelope is never
connected directly to the receiver chassis. If it is, then the output will be short-
circuited to earth.

()
[Mullard|
92 P,




SILICON JUNCTION RECTIFIER BY I oo
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BYI I4 SILICON JUNCTION RECTIFIER

Silicon double-diffused junction rectifier

k
having a recurrent P.1.V. of 450V. Intended B230 3
for general purpose rectifier applications. e
DIMENSIONS
Max. overall length 68.6 mm a k
Max. diameter 1016 mm
Max. body length 5
excluding leads 9.0 mm ’g

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no rectifier exceeds these ratings.
In arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperatures must also be taken into account.

Voltage ratings

Maximum recurrent P.L.V. .. i e .. 450 \

Maximum transient peak (max. duratlon = 10ms) .. - .. 650 \
Current ratings

Maximum average forward current .. s % e os 550 mA

(See page 95)

Maximum recurrent peak T p . s 5.0 A

Maximum surge (Sine wave operation max. duratlon = 10ms) - 55 A
Temperature ratings

Tstg max. i3 s Iy a3 " - o .. +150 °c

Tstg min. .. » o= s S . " .. .. =55 °C

Tamp Max. % - . e 45 o - - 70 °C
CHARACTERISTICS (Tcase = 25°C)

Ir at Vg = 450V .. e - - A% . .. v 210 A

OPERATING NOTES

1. Diodes may be soldered directly into the circuit but the heat conducted to the
junction should be kept to a minimum by the use of a thermal shunt.

2. Diodes may be dip soldered at a solder temperature of 240°C for a maximum of
10 seconds up to a point 5mm from the seal.

3. Care should be taken not to bend the leads nearer than 1.5mm to the seal.
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DY87 HALF-WAVE RECTIFIER

High voltage half-wave rectifier for tele-
vision line fly-back e.h.t. supply. It has a
chemically treated bulb to prevent flash-
over under conditions of high humidity.

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

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

HEATER not be earthed.
Vn 1.4 \%
In 550 mA DIMENSIONS
Heater voltage tolerances Max. overall length 74 mm
lout << 200pA +15* %% Max. seated height 67.5 mm
lout > 200p.A + 7* % Max. diameter 22 mm

*These tolerances apply when the power supply voltage is at its nominal value and when
a valve having average heater characteristics is employed. In addition fluctuations in
the mains supply voltage not exceeding +109 are premissible.

CAPACITANCES
Ca—(h+k+s) .. - .. iy .. .. T - .. 1.55 pF

DESIGN CENTRE RATINGS

Pulsed input
*P.LV. max. o i s s .. .. - T 22 kV
Fiapk) max. 5 5% 3 - i 4 5 9% 40 mA
lout max. .. e - i e e . - .. 500 A
C max. .. ; : , .. 2000 pF

*Maximum duration 229 of a line scanning cycle with a maximum of 18ys.
$Maximum duration 109 of a line scanning cycle with a maximum of 10us.

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 16kV. The level of X-radiation is likely to be considerably higher when the
heater circuit of the tube is open.
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DOUBLE TRIODE (separate cathodes) ECC82

HEATER 8903 d a
Series Parallel
Vi 12.6 6.3 \ ) A
I 150 300 mA o / . \
LIMITING VALUES (each section) 9 -4 Ao Q kx
Van) max. 550 \Y% IO ©
Va max. 300 v ‘ (s Q “Thet
pa mMax. 275 W | y
I max. 20 mA k hhcth k
Fik(pk) Max. 150 mA B9A
-Vg max. 100 \%
~Vg(pk) Max. 250 v DIMENSIONS
Rg-k max. (cathode bias) 3.0 ~ MQ Max. overall length 56 mm
Ry max. (fixed bias) 1.5 MQ Max. seated height 49 mm
Vh-k max. 180 v Max. diameter 22.2 mm
*Max. pulse duration = 200us. CHARACTERISTICS (each section)
Duty factor = 3%. V, 100 250
CAPACITANCES la 11.8 10.5 mA
*Cag 1.5 pF Vy 0 -8.5 \
¥y g 1.8 pF gm 3.1 22 mA/V
Ca—k' 370 mpF " 19.5 17
Car—k” 250 mpF ra 6.25 77 kQ
*Each section. Vg max. (l; = $+0.3pA) -1.3 \%
OPERATING CONDITIONS (each section)
As an a.f. amplifier
Vb Ra |k Rk Voul Vum,* Dmt* RgT
v) k)  (mA) (k) Vin  (Vems) (%) (kQ)

0 47 5.0 1.2 13.5 59 6.7 150
350 47 4.3 1.2 13.5 51 6.6 150
300 47 3.7 1.2 13.5 43 6.5 150
250 47 3.0 1.2 13.5 34 6.4 150
200 47 2.4 1,2 13.5 26 6.3 150
150 47 1.8 1.2 13.5 18 6.1 150
100 47 1.2 1.2 13.5 11 5.6 150
400 100 2.6 2.2 14 57 6.2 330
350 100 2.3 2.2 14 49 6.1 330
300 100 2.0 2.2 14 41 6.0 330
250 100 1.6 2.2 14 32 5.9 330
200 100 1.3 2.2 14 25 5.8 330
150 100 1.0 2.2 14 17 5.6 330
100 100 0.7 22 14 10 4.8 330
400 220 1.3 3.9 14.5 50 5.1 680
350 220 1.2 3.9 14.5 43 5.0 680
300 200 1.0 3.9 14.5 36 4.9 680
250 220 0.8 3.9 14.5 28 4.8 680
200 220 0.7 3.9 14.5 22 4.7 680
150 220 0.5 3.9 14.5 15 4.4 680
100 220 0.3 3.9 14.5 8.0 4.0 680

*Output voltage and distortion at start of positive grid current. At lower output
voltage, the distortion is approximately proportional to the output voltage.
1Rg = grid resistor of following valve.

OPERATING NOTES
This valve can be used without special precautions against microphony in equipment
where the input voltage is not less than 10mV for an output of 50mW (or 100mV for
S5W output).
With Vy, applied between pin 9 and pins 4 and 5 connected together, and with the
centre tap of the heater transformer earthed the section connected to pins 6, 7 and 8
is the most favourable with regard to hum.

(I
[Mullard]
N 97




ECC82 (Cont.) DOUBLE TRIODE

-Vg | [6902 — s
. 11 (mAV) | (k1)
g Each section
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DOUBLE TRIODE (separate cathodes) ECC83

High . double triode, having separate 8903 d a
cathodes, primarily intended for use as a | h
resistance-coupled amplifier or phase in- : H—xa
verter. PG g
HEATER g"<§\o o/ ¥
Series Parallel .
Vi 12.6 6.3 v Q het
In 150 300 mA
B9A
D':ENS'OH'“:S ) w LIMITING VALUES (each section)
ax overall lengt mm
Max. seated height 49 mm Va rrnn:x. 30? 0 Vz
Max. diameter 222 mm IF:: ma:. 8.0 mA
-V max. i 50 \'
CAPACITANCES \'}:‘l"}‘( e (e (Bias) s -
Cout’ 330 mpF 1Rn-k max. 20 kQ
Cout” 230 mpF
*cin 1.6 pF CHARACTERISTICS (each section)
e 16 pF Va 100 250 v
S =14 B la 0.5 12 mA
Ca—g’ <100 mpF V, -1.0 -2.0 v
Ca'g’ <110 mpF gm 1.25 1.6 mA/V
R <10 impE v 100 100
e 1Ak g ra 80 625  kQ
sahreckio: Vg max. (Ig = +0.3pA) 0.9  V

tWhen used as a phase inverter immediately preceding the output stage, Rp-j max
may be 150k.

OPERATING CONDITIONS as a phase inverter

2 4 O+*Vb

'
> - -

i

rh
vh lm Rk Vnut(r,m.s.)* Vuln
(V) (mA) (k€2) (V) Vin
350 1.3 1.5 44 65
250 0.8 2.2 23 60
*Output voltage measured at Dioy = 5%.
()
[Mullard|

N, 99



ECC83 (Cont.) DOUBLE TRIODE

OPERATING CONDITIONS as resistance coupled a.f. amplifier with grid
current bias (R; = 10M(Q)

Z, = 0kQ s = 220kQ
A N\ r A \
VI» R:l Ru-** I:\ M Vom(r.m,:.)* m Vnu'(nm.s.)‘t
(v) (k€2) (k€2) (mA) Vin (V) Vin (V)
400 47 150 3.5 48 43 33 49
350 47 150 28 46 35 33 41
300 47 150 22 45 28 32 33
250 47 150 1.7 43 21 31 25
200 47 150 1.2 40 14 30 17
400 100 330 24 63 58 42 68
350 100 330 17 62 48 42 57
300 100 330 14 61 38 4 46
250 100 330 11 59 29 M1 36
200 100 330 0.8 56 20 39 25
400 220 680 1.2 75 69 49 82
350 220 680 1.0 74 57 48 70
300 220 680 0.8 72 45 47 57
250 220 680 0.6 70 34 46 44
200 220 680 0.4 66 24 44 32
*Output voltage measured at D,y = 5%.
2 measured with Vin(r.m.s.) = 100mV

Vin

**Grid resistor of following valve.

tWhen operating this valve with grid current bias and a high source impedance, the
second harmonic distortion rises to a peak at quite low levels of output (about 10Vr.m.s.)
and then falls with increasing drive. The third harmonic then begins to rise, and Dot
finally reaches 5% 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 Ry = 47k, 4.5%, with R, = 100k and 4%, with Ry = 220k{2.

OPERATING CONDITIONS as resistance coupled a.f. amplifier with cathod e
bias

VI» Ra lz\ Rk Vuul v(llllllﬁ"l,\)* Dl()l* ka
(V) (k) (mA) (k) Vin (v) (%) (k)
400 47 2.2 1.0 43 40.5 5.0 150
350 47 %74 1.2 42 31 5.0 150
300 47 1.3 1.5 40 22 5.0 150
250 47 0.9 22 36 12.5 5.0 150
400 100 1.4 1.5 59 59 5.0 330
350 100 14 1.8 57 45 5.0 330
300 100 0.88 22 55 32.5 5.0 330
250 100 0.6 3:3 50 185 5.0 330
400 220 0.88 22 71 63 3.7 680
350 220 0.7 2.7 69 60 5.0 680
300 220 0.5 39 65 38.5 5.0 680
250 220 0.38 4.7 62 27 5.0 680
*Output voltage measured at D,y = 5% or at start of positive grid current. At lower

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

1Grid resistor of following valve.
At lower values of Vy,, grid current bias should be used.

()
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TRIODE HEPTODE

Triode heptode intended for use as a noise
cancelled synchronising pulse separator and
time-base oscillator.

ECH84

HEATER [B929]
ap at
Suitable for series or parallel operation,
a.c. or d.c. OO O
k95\ 4
Vi 6.3 v 9294 O 1244
Ih 300 mA 9
9l
CAPACITANCES Sk.gs K h
Cah-at <250 mpF
Can—gt <90 mpF
Cel-at <88 mP: DIMENSIONS
2“‘]"“‘ f}go zpF Max. overall length 67.5 mm
g2t h P Max. seated height 60.5 mm
Heptode section Max. diameter 22  mm
Cn.fgl : 9.0 mpF
Triode section
' DESIGN CENTRE RATINGS
Cin 30 pF
Ca—g 11 pF Heptode section
Va(p) max. 550 \
CHARACTERISTICS Va max. 250 \
i Pa Max. 1.7 W
Heptode section T——— 550 v
Va 135 Vv Vgaigs max. 250 N
% 0 v Vgaiga mMin. 10 \
Vez-ga 14 v Pg2+ga Max. 800 mW
gl 0 v ~Vg1(pk) Max. 150 \%
la 1.7 mA ~Vg3(pk) Max. 150 v
lgo+ga 900 pA | max. 12.5 mA
gm 22 mA/V Rg1-1 max. 3.0 MQ
Ve (la = 20uA) -2.0 v Rega—k max. 30 MQ
Vg1 (la = 20pA) -1.9 v Vh-x max. 100 \
Triode section
Va 50 v Triode section
Vg 0 \'% Vn(b) max. 550 \'
ls 3.0 mA Va max. 250 \
gm 3.7 mA/V Pa Max. 1.3 W
7 50 =Vg(pk) Max. 200 \%
la (Va = 200V, I max. 10 mA
Vg = =-11V) <100 A Rg i max. 3.0 MQ
()
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ECL86

Combined high-p. triode and output pentode

TRIODE HEPTODE

: ; £ and outf B2
for use in audio amplifier circuits. 9o By b
‘ S0
HEATER i . % o Oo Kpays
b O
' 6.3 \% 9 kg 9,
I 7000 mA ‘ e g
‘ 9 at
kpgys h Ky
DIMENSIONS
Max. overall length 785 mm
Max. seated height 71.5  mm B9A
bt diamstes 23 mm OPERATING CONDITIONS
Pentode Section as Single Valve
CHARACTERISTICS Class ‘A’ Amplifier
Pentode Section Va 250 250 250 Vv
Va 250 \ " 210 250 250 A
Vo 250 \ Ric 130 270 170 Q
2 -7.0 \% la 36 26 36 mA
la 36 mA o 5.6 4.4 6.0 mA
le2 6.0 mA Ra 70 10 7.0 kQ
gm 10 m/AV Pout 4.0 2.8 4.0 w
Fa 48 k€ Vin(r.m.s.) 31 2.7 3.2 \%
Ugl g2 21 Vuu 10 10 10 %
Triode Section "’:,lllll“is's)omw)
V. 250 v 280 280 300 mV
Vg -1.9 \ Two Valves in Push-Pull
la 12 mA Vae) 250 300 v
gm 1.6 mA/V 5(b) 250 300 Vi
“ 100 Ry (per valve) 180 290 Q
Fa 62 k@ 80 9.0 kQ
'mn) 2x35 2x31 mA
LIMITING VALUES lg2(0) 2x56 2x50 mA
Vine1 gtyr.m.s. 102 17.4 v
Pentode Section it 10 14.3 W
V:llhi max. 550 \% Diot 4.5 5.0 %
Vu max. 300 \% in(r.m.s.)
Pa Max. 9.0 W (Pour = 50mW) 480 520 mV
Vyo(n) max. 550 Vv l, (max. sig.) 2x37.32x37 mA
Vgo max. 300 Y lgo (max. sig.) 2x9.02x10.6 mA
FL'? max. 515-8 VX Triode Section
k Max. m - .
Rg1-k max. 10 MO As for single section of ECC83.
Vi1 max. 100 Vv
Br i mak, 20 KO OPERATING NOTES
1. Microphony
Triode Section This valve may be used without
Va(n) max. 550 v special precautions against micro-
Va n')‘ax' 300 v phony in equipment where the
Pa Max. 500 mW input voltage is not less than 4mV
I max. 40 mA for an output of 50mW.
Rg x max. 1.0 MQ 2. Hum
Vh-x max. 100 \% To obtain the minimum value of
Rp-x max. 20 kQ hum, pin 4 should be earthed.
(D
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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.
HEATER
Suitable for series or parallel operation,
a.c-ord.c.
Vi 6.3
In 300
CAPACITANCES
Cin(g1) 7.0
Cin(g2) 5.4
Cunl 3.1
Ca-gl <7.0
Cg2-gl 2.6
Ca-Xk <10
Cgl-h “150
CHARACTERISTICS
Va 170
Vo 170
Vgg 0
la 10
lga 2.5
Vgl —-20
gm 7.4
rs 400
thgl-g2 50
eq 1.0
rgi(f = 50Mc/s) 10
Vg1 max.
(Igy = +0.3pA) -1.3

B9OS,
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93
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\" B9A
mA
pF DIMENSIONS
EE Max. overall length 67 mm
mpF Max. seated height 60 mm
pF Max. diameter 222 mm
mpF
mpF
LIMITING VALUES
\"
\" vu(b, max. 550 \"
\' V. max. 300 \%
mA Pa Max. 2.5 \'2%
mA v
v g2(h) Max. 550 \'
mA/V Vgo max. 300 \%
kQ Pg2 Max. 700 mW
) lx max. 15 mA
ll:il Rg1 ik max. 500 k(2
Vh-k max. 150 \%
\% Rh k max. 20 k(2
()
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EF80 o R.F. PENTODE
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ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH
ANODE AND SCREEN-GRID VOLTAGES AS PARAMETER
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LOW NOISE A.F.

VOLTAGE AMPLIFYING PENTODE

Low noise pentode intended for use as r.c.
coupled a.f. voltage amplifier, particularly
in the early stages of high-gain audio
amplifiers, microphone pre-amplifiers and
magnetic tape recorders.

EF86

8900

a
h g (<]
O
93 s k O OO S
9 ® Jo o
o~ O O/%B
92 9l

HEATER
Vh 63 \
In 200 mA kh h
DIMENSIONS B9A
Max. overall length 56 mm
Max. seated height 49 mm
Max. diameter 22.2 mm CAPACITANCES
(Measured without external shield)
LIMITING VALUES Cout gg p:
Van) max. 550 \% Cin . P
Vi miex. 300 v Ca-gl <50  mpF
pa Max. 1.0 w Cgl-h <2.5 mpF
xz”,’,‘,a’?(ax 3{;8 Y CHARACTERISTICS
Pg2 Max. 200 mW Va 250 \
Ik max. 6.0 mA Vgg 0 \%
Rgi-x max. (pa > 200mW) 3.0 MQ Vo 140 \
Rgi-k max. (pa < 200mW) 10 MQ Iy 3.0 mA
Rp-—k max. 20 k) lgo 600 A
vh"k max. Vg[ -2.0 A"
(cathode positive) 100 \ gm 2.0 mA/V
Vh-x max. ra 2.5 MQ
(cathode negative) 50 \ gl g2 38
OPERATING CONDITIONS as r.c. coupled a.f. amplifier
Pentode connection
Vh Ra RgQ Rk la |g2 Vnm Vnul}.< Rgl**
(V) (kQ) (MQ (k€2) (mA) (uA) Vin  (Vems)  (kQ)
400 100 0.39 1.0 2.6 550 137 95 330
350 100 0.39 1.0 2.3 480 130 81 330
300 100 0.39 1.0 1.95 400 127 68 330
250 100 0.39 1.0 1.6 350 122 53 330
200 100 0.39 1.0 1.35 280 115 38 330
150 100 0.47 1.5 0.8 180 104 26 330
400 220 1.0 2.2 1.2 250 213 80 680
350 220 1.0 2.2 1.1 220 208 70 680
300 220 1.0 2.2 0.9 190 202 59 680
250 220 1.0 2.2 0.8 160 196 48 680
200 220 1.0 2.2 0.7 120 188 37 680
150 220 1.0 2.7 0.5 100 165 26 680
*Qutput voltage at Do = 5%
**Grid resistor of following valve.
(I
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EF86 LOW NOISE A.F.
(Cont.) VOLTAGE AMPLIFYING PENTODE

Triode connection (g; connected to a, g3 to k)

vh Rn In‘ Rk Xﬂ Vuul & Drm - Rgl'l'
(V) (k€2) (mA) (k€2) Vi (Vem.s) (%) (kQ2)
400 47 3.5 1.2 273 68 5.2 150
350 47 3.0 1.2 27 57 5.0 150
300 47 2.6 1.2 26.7 47 4.6 150
250 47 2.2 1.2 26.5 36.5 4.3 150
200 47 1.8 1.2 25.8 26.5 3.9 150
400 100 1.9 2.2 31.5 77 4.8 330
350 100 1.65 2.2 31 65 4.7 330
300 100 1.45 2.2 30.5 54 4.6 330
250 100 1.2 2.2 30.5 42 4.2 330
200 100 1.0 22 30 N 4.0 330
400 220 1.0 3.9 33.2 78 43 680
350 220 0.9 3.9 33 66 4.3 680
300 220 0.8 319 328 54 4.2 680
250 220 0.68 3.9 32.5 43 3.9 680
200 220 0.55 39 32 3 37 680

*Output voltage and distortion at the start of positive grid current. At lower output
voltages the distortion is approximately proportional to the voltage.
1Grid resistor of the following valve.

OPERATING NOTES

s

Hum

When used as a normal voltage amplifier with a line voltage of 250V, an anode load
of 100k€2 and a grid resistor of 470k() the maximum hum level of the valve alone is
5uV, the average value being about 3u.V when operated with one side of the heater
earthed. This can be further reduced by centre-tapping the heater to earth. Under
these conditions the nominal hum level is 1u.V. The low level of hum attained with
this valve can be completely masked by that due to an unsuitable valveholder, in

which excessive leakage and capacitive coupling between pins will introduce
considerable hum.

Noise

The low-frequency noise generated by a valve is most conveniently specified as an
equivalent voltage on the control grid for a specific bandwidth. For the EF86 under
normal conditions, i.e. line voltage of 250V and an anode load of 100k(2, the equiva-
lent noise voltage is approximately 2p.V for the frequency range of 25 to 10,000¢/s.

Microphony

Care in the design of the valve to ensure that the electrode structure and its mount-
ing are as rigid as possible has reduced the microphony of the EF86 to a very low
level. There are no appreciable internal resonances at frequencies below 1,000c/s.
At higher frequencies the effect of vibration is usually negligible on account of the
damping provided by the chassis and the valveholder. In high-gain applications such
as tape recording care should be taken in siting the valve, particularly when a loud-
speaker is present in the same cabinet or when a motor is mounted on the same
chassis. In such cases a flexible mounting for the valveholder or a separate weighted
sub-chassis is advisable.

()
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VARIABLE-MU R.F. PENTODE

Frame grid variable-mu r.f. pentode for use
as a.g.c. controlled i.f. amplifier in t.v.

receivers.

HEATER
Vn
II\

DIMENSIONS
Max. overall length
Max. seated height
Max. diameter

CAPACITANCES
Cin
Cout
Ca—gl1

Cg1-g2

CHARACTERISTICS
Va
Vez
Vea
l
s
Vg1
gm
Fa

ra1 (f = 40Mc/s)

B9OS| a
s
93—
9l e
A
1 |
6.3 \% kh h
300 mA
B9A
OPERATING CONDITIONS
611  mm Vi, 190 \
541 mm Rgo 22 (9}
222 mm Ry 120 Q
In 11.7 mA
lgo 43 mA
9.5 pF gm 124 mA/V
3.0 pF Vg1 (for 10 : 1
55 mpF reduction in gn) -5.0 \'%
Vg1 (for 100 : 1
28 pE reduction in gm) -18.5 \%
200 \% LIMITING VALUES
90 \ Vo max. 250 \Y
0 \' Pa mMax. 2.5 w
12 mA Vga max. 250 \%
4.5 mA Pg2 Max. 650 mW
-2.0 \% I max. 20 mA
12.5 mA/V Rgi1-x max. 1.0 MQ
500 (9] Vih-k max. 150 \
13 kQ Rn Kk Max. 20 k€2
()
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EF I 83 (Cont) VARIABLE-MU R.F. PENTODE

) i 0 | -
] EF183 [ (LD
| ) P O T O (rgth)
Va= 180 to 220V
i / 1
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y=
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JiR/
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[
I
/ /’
/ |
/ l, 1-0
Vp=200V,R 24KkQ ! l, ’1
b= 192" = 4
4y
A4 /
4
prusLr
Vb= 170V ,Rgp=15ka | | ] 117/ /
£ /' / ,
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AR, / |
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4 [ / l
/ iy / :
/ 1 ool |
Vg (V) -24 -16 =8 @

MUTUAL CONDUCTANCE PLOTTED AGAINST CONTROL-GRID VOLTAGE
WITH SCREEN-GRID VOLTAGE AS PARAMETER
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R.F. PENTODE

Frame-grid sharp cut-off pentode for use 8905 a
as an i.f. amplifier in television receivers.
s
HEATER 993|: 92
Suitable for series or parallel operation, —~
a.c. or d.c. { T
Vu 6.3 \% Kh h
In 300 mA B9A
CHARACTERISTICS
Va 170 200 \
Ves 170 200 v DIMENSIONS
Ves 0 0 v Max. overall length 611 mm
1l 10 10 mA Max. seated height 547 mm
Iga 4.1 41 mA Max. diameter 222 mm
Vi -2.0 -2.5 \%
gm 15.6 15 mA/V CAPACITANCES
ra 330 380 k€ Cin 10 pF
Hgl-g2 60 60 Cout 3.0 pF
rg1 (f = 40Mc/s) 9.5 1 k€2 Ca—gl 5.5 mpF
Req (f = 40Mc[s) — 330 Q Cg1-g2 2.8 pF
OPERATING CONDITIQNS DESIGN CENTRE RATINGS
Vaw) 170 200 230 - 550 v
Veam) g 0 0 X Va max. 250 %
Vea(n) 170 200 230 \ i R 25 W
a . .
Ry 140 14(7) . 140 Q PR— 550 v
Fgg 12 10 :(5) k:f Yok YK 250 &
» 41 41 41 :A el e R
“ 156 156 156 mAV ~ g MEX. N i
o 33 ) 10.6 e k/s SR =, e
'8 ¢ 0 . i Rg1 i max. 1.0 MQ
rg (f =
“40Mc/s) 10 10 10 kO Vi max. 150 v
RN1 (f = R“ k Max. 20 k€2
40Mc/s) 300 300 300 Q Thuin max. 180 °C
(R
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R.F. PENTODE

EF184 ..,

[B7676 = .
EFI84 S>> > Lo
T SE 8 g 78 (mA)
N S =
Vg3 = "
>U‘
" /
>U
{ f 25
] T 1]
|
|
I
T
gm=22mAlV\ | [
1 N
IO 20
|
y | |
20mA/V { !
|
| A
I’ N
5
18mA/V [ [ )
/| I/
N I
N
16mA/V { NN
BEREE AN, N ART
1 ]
tamav]lf / o
TT11] Ji
LT
12ma/v {4
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L1 i
1omA/V IR / Y
[T i 1 s
8mA/IV ’\ / ™
10 ]
6mA/V =
[ 11 L ), \;l
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ANODE CURRENT PLOTTED AGAINST CONTROL-GRID VOLTAGE WITH
ANODE AND SCREEN-GRID VOLTAGES AS PARAMETER AND WITH
MUTUAL CONDUCTANCE CONTOURS
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DUAL-CONTROL HEPTODE EH90

Dual-control heptode for use in television 8773 a

receivers. h . (<]
0%o
kgs (O 0)92
93 9294 ’
HEATER 9 |\ o 0/9%
Vi, 6.3 \" N 9| %
Iy 300 mA k95h h
DIMENSIONS B7G
Max. overall length
: 545 mm
Max. seated height 475 mm
Max. diameter 19 mm
CAPACITANCES
Ca—gl - - i o e s e - o3 <70 mpF
Ca—g3 53 o ah s o5 > e . i <360 mpF
Cin(gl) - . o 5 oo - o o 2% 5.5 pF
Cin(g3) - - o - - - .. .. " 7.0 pF
Cout .. .. " 5 = . - .. 3 7.5 pF
Cg1-g3 a s ot 3] sy 8% o % “iis i <220 mpF
CHARACTERISTICS
Va .. - .. %= .. - 10 100 100 \
Vgoig1 .. s - .. - 30 30 30 \
\73 o - % A . 0 0 -1.0 \"
\7% 0 -1.0 0 \
la 2.0 0.8 0.75 mA
lgo+g4 3.5 4.0 1.1 mA
gm(gl-a) .. — —_— 1.2 mA/V
gm(g3-a) - — 1.55 — mA/V
Pa - s — 400 900 kQ
Vg1 (la = 50pA) — — -2.5 \"
Vs (I = 50p.A) == -2.2 — \%
DESIGN CENTRE RATINGS
th)max. . .. .. . . .. .. .. 550 \'%
Va max. .. .. .. - = .. .. .. o 300 \
Pa Max. .. - s - e i 5 -~ 55 1.0 °C
Vo igan) Mmax. .. - - o - e i e 300 \
Vigoiga Max. o oy o - o - . - 100 \'
Pg2+ga Max. . - - — o~ i .. . 1.0 w
Ik max. .. 2 318 - .. .. .. .. - 14 mA
Rgi k max. - - A .. .. .. o~ % 470 k€
Res k. max. ¥ .. 3 .. .. .. .. o 2.2 MQ
Rgs-k max. (Vgaiga < 30V) .. 41 - a5 - e 5.0 MQ
Vi -k max. (cathode positive) . . i o i - G 200 \
Vi-x max. (cathode negative) e . £ i3 . 100 \
()
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EL34 OUTPUT PENTODE

poon, "miended for e 5. o ° %9
operated equipment. a /0 O\ NC
HEATER " . S A
¢X¢®
Vi 63 Vv — 93— K
In 1.5 A kh h
CAPACITANCES .
Cout 8.4 pF
Cin 15.3 pF
Ca—gl <1.0 pF DIMENSIONS
Cgl-n 1.0 pF Max. overall length 112 mm
Ch-k 11 pF Max. seated height 98 mm
Max. diameter 333 mm
DESIGN CENTRE RATINGS
Va(n) max. 2.0 kV CHARACTERISTICS
Va max. 800 \% Va 250 \%
Pa Max. 25 w \ 250 "
Vgo(n) max. 800 \ Vi3 0 \
Vg2 max. 500 \ la 100 mA
pg2 mMax. 8.0 w lgo 15 mA
Iy max. 150 mA Ve -12.2 \%
Rg1-x max. 500 kQ gm 11 mAV
Vi max. 100 v [ 15 kQ
Rh k Max. 20 k() Hgl-g2 1

OPERATING CONDITIONS As single valve class “A”’ amplifier
Pentode Connection

Va o 5% i ‘i i o s 250 300 \
Vo xi o = . v - n 250 300 \
Vs - . .. .. .. 7 .. 0 0 \
Ry i - - - .. < e 106 190 Q
Ry - .. - i - o . 2.0 3.5 k€
la - - - s - . - 100 83 mA
Ig2 - - 13 A ogs ws " 15 13 mA
Vimr.m.s.) (Poui = SOmW) % T 5 i 500 450 mV

in(r.m.s.) .. .o .o .o .o g 8.0 8.2 \
*Pout e = .. o= . - .. 11 11 W
*Dhot i . o 10 10 %

*Pout and Dy, 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 a
reduction in power output of approximately 10%,.

(A
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OUTPUT PENTODE

OPERATING CONDITIONS FOR TWO VALVES IN PUSH-PULL

EL34

Distributed load conditions for maximum output (screen-grid tapping at 209,

of primary turns)
Vh S .o

Rga (per valve) ..

Ry (per valve)

RR*&

lam)

lgaco)

v]n(g] gl)r.m.s.

Pnut

Dlot

Ia(mux. sig.)

IgZ(max. sig.)

450
1.0

500
7.0

2x 55
2x9.0
55.2

40
4.5

2x74
2x9.0

\
kQ
Q
k<
mA
mA
\
w
%
mA
mA

Distributed load conditions for minimum distortion (with screen-grid tapping

at 439, of primary turns)

Vy i 55 43 - i - 2 430 430 \"
Rga (per valve) .. oii s . e . 1.0 1.0 kQ
Ry (per valve) .. - .. .. s . 470 470 Q
Ra-a vis 53 i i 5 y s 6.0 6.0 k()
Inm) 2x62.5 2% 62.5 mA
lg2(0) 2x10 2x10 mA
vln(gl»nl)lum..\ . SR e i &5 i 35 50 \"
Pout - i .- - i s - 20 34 w
Dot .. .. .. - - . .. 0.35 2.5 A
la (max. sig.) 2x 65 2x70 mA
lg2(max. sig.) 2x10.2 2x14 mA

()
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EL34 o) OUTPUT PENTODE

OPERATING CONDITIONS FOR TWO VALVES IN PUSH-PULL

Triode connection (g2 connected to a, g3 to k) with separate cathode bias resistors.
With Ry bypassed

Vy s oF o sn s - - o - 430 %
Va o 43 s o ae i s s “% 400 \
Rk (per valve) .. .. .. - - . 5 i 440 Q
a-a .. s .. S s = . 5 4 .. 5.0 k()
Iu(n) o . @ o o ool ol _ o o il 2X70 mA
in(gl-gl)r.m.s. .. .. .. . . . WV _ 48 v
Pout - & T 5 B s s a - 19 w
Diot o5 3% e i s - - o 5 1.8 %
In(maxA sig.) oo i B Bk o e 3 4 e 2x75 mA
With Ry unbypassed
Vi T o s s &3 o s o - 430 \
Va v % x i ot o “ X o 5 400 N
Ry (per valve) .. . - Ep - S .. " 440 Q
Ra-a . =c = - i - o1 . . 10 ke
]a(u; . .o .o .o s 5 v ate e 2x70 mA
Vin(gl gl)r.m.s. .. % % % us i % 3. e i 48 V
Puut .. .. . .. .. .. .. . . 14 W
Dlr)l .. .. .. . .. .. .o e X 0.4 %
la(m:\xmig.) .. .o .o . fi A5 — 1 2x73 mA

OPERATING CONDITIONS FOR TWO VALVES IN PUSH-PULL WITH
CONTINUOUS SINE WAVE DRIVE

Fixed bias

Vi 0% s 3% 3 - i " 375 400 \
Vs &% o e 5 s = . 0 0 \
Rgo SE T 3 o o e 22 1.0 1.5 k(2
Ve .. =F o . o o ” -32 -35.5 A
Ra-a .. o s R i e .. 3.5 3.5 9]
I:lln) o e —_ o o = .. 2x30 2x 30 mA
le2(0) v o s EE o s ..  2x44 2x44 mA
\P/in(gl glhr.m.s. .. siiip 5 " i 6 i :; g? WV
out .. .. O .. i . .
Dot - .. .. .. i .. o 3.0 1.8 o
I.'nlnun. sig.) .. .o .o wi . .. 2x98 2x106 mA
IgZ(nm\'..\iuJ . .e o s & e 25619 2x mA

Cathode bias

Any of the cathode bias conditions published in this data sheet are suitable for contin-
uous sine wave drive.
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OUTPUT PENTODE

Fixed bias

EL34

OPERATING CONDITIONS FOR TWO VALVES IN PUSH-PULL

D i it - o T s i 375 400 \%
Ve b Vi 3 i - - g 0 0 \%
*Rez Al o - - .. .. .. 600 800 Q
Vi 5 - .. .. .. .. - -33 -36 \
Ra-a s s o ore it s as 3.5 3.5 k€
lago) - .. . .. .. .. .. 2x30 2x30 mA
lg2(0) Sz .. . . .. .. .. 2x47 2x 4.5 mA
Vinlul glhrm.s. .. .e .o o o o 46.7 50 \'
Pout s - v s - - a3 48 54 w
Diot - .. .. .. .. .. .. 2.8 1.6 %
la(m:x\. sig.) . 2x107.5 2% 110.5 mA
lg2(max. sig.) 2x23.5 2x23 mA
*Screen-grid resistor common to both valves.
Cathode bias
Vi T i3 i3 % T 5 o 375 450 \
7% . - o5 o - - - 0 0 \
*Ryz o - . .. .. .. .. 0.47 1.0 k€2
Ry (per valve) .. = o - o o 260 465 Q
Ra a oot - . - 5% - s 3.5 6.5 k€
la(o) e - .. .. o .. .. 2x75 2x 60 mA
lga(0) > .. . .. .. .. o 2%12.5 2x10 mA
Vin(gl-ghyr.m.s. .. @ o &% - 55 40 54 \%
Pout - o s - . o - 35 40 w
Dtot ot s A .. .. - oS 1.7 5.1 %
lu(ma.\.sig) Ve P ) P i i 2)(94 2><715 mA
Ig2(nmx.sig.) .o . o o & 3 ) 2% 419.5 2x22 mA
*Screen-grid resistor common to both valves.
(@
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OUTPUT PENTODE

EL34 (Cont.)
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH CONTROL-GRID

VOLTAGE AS PARAMETER
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OUTPUT PENTODE

Output pentode rated for 12W anode dissi-
pation, primarily intended for use in a.c.
mains operated equipment.

HEATER
Vh 6.3 \%
Ill 760 mA

CAPACITANCES
Cout 6.5 pF
Cin 10.8 pF
Ca—gl <500 mpF
Cgl-h < 250 mpF

LIMITING VALUES
Va(b) max. 550 \
Va max. 300 v
Pa Max. 12 w
Vgg(b) max. 550 \
Vg2 max. 300 v
pg2 Max. 2.0 W
I max. 65 mA

=Vg1 max. 100 \
Rg1-x max. (fixed bias) 300 k€2
Vhfk max. 100 \"
Rk max. 20 k(2

EL84

[8908) a
k93 /o
Q O IC
k33h h
DIMENSIONS
Max. overall length 785 mm
Max. seated height 71.5 mm
Max. diameter 222 mm
CHARACTERISTICS
Va 250 \%
Vg2 250 \
la 48 mA
lgo 55 mA
"5 -7.3 \
Em 11.3 mA/V
Fa 38 k(2
Ugl-g2 19

OPERATING CONDITIONS as single valve amplifier

Pentode connection

ng
a

i

la ..

lga

Vin(r m.s) (Puut = SOmW)
in(r.m.s.) (Dtot = 100/)
out tot = Oog o
3 W

Dg

Triode connection (g2 connected to a)

la(o)

Vm(r m.s.) (Pmn = SOmW)
in(r.m.s.) .
out

Dmt

|ﬂ(max. sig.)

250 250 \'%
250 250 v
5.2 45 k€2
-7.3 -7.3 v
48 48 mA
5 5.5 mA
300 300 mV
3 4.4 \%
5.7 5.7 A%
9.5 8.0 o
2.0 5.0 7
250 v
3.5 k€2

-9.0
34 mA
1.0 \
6.0 \
1.5 w
6.0 %
39 mA
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EI.84 — OUTPUT PENTODE

OPERATING CONDITIONS FOR TWO VALVES IN PUSH-PULL
Pentode connection

Va - o s as os o T 250 300 \
\ i w8 o s 5§ o r 250 300 \
Ry (per valve) .. - 53 ‘s i i 270 270 Q
Ra-a - o o o T » 5 5 8.0 8.0 kQ
laco) - i . . .. o . 2x 3 2x36 mA
lga(0) .. iy - o .. .. - 2%x3.5 2% 4.0 mA
vin(glfg’l)l:m.s. i . Y v . e, 16 20 V
Pout 35 ' T 5t T - s 1" 17 w
Dot ‘s i s i 5 e a5 3.0 4.0 %
la(max. sig.) 5k ol 38 i a i i 2x37.5 2x 46 mA
lg?(nmx sig.) o s Fr ) atiF 5 2x7.5 2x11 mA

Distributed load conditions for maximum output (screen-grid tapping at 209,
of primary turns)

Va '3 oF .. s 15 " 83 300 300 \%
Vga 33 ol = r 35 o Py 300 300 \
Ry (per valve) .. .. ‘1 Be » o, 390+ 47 270 Q
Ra-a “w 5 8 s - - - T 6.0 8.0 kQ
li(o) - .. .. v - i .. 2x28 2 x 40 mA
Vin(glfgl)r,m,m & & o @ 55 o Pr 17 18.3 \'
Pout o o .. aE 8 o T 14.4 15.4 w
Dot 4 5 T e 23 g o 5 0.85 1.17 A
|k(max. sig.) o . s “n _— Pr 2x 55 2% 48.5 mA

Distributed load conditions for minimum distortion (screen-grid tapping at
439, of primary turns)

Va os o o s - 47 e 300 300 \%
) i3 i s o o - - 300 300 \
Ry (per valve) .. e EE =e .. .. 390+ 47 270 Q
a-e ie 7 o 53 58 = .. 6.0 8.0 kQ
II\'(LU)l . .o .o . “ v aie 2x28 2x 40 mA
\P!in(gl glhrom.s. .. .. . .. .o .. 1818 1? V\é
out . .. .. .. .. .. .. .
Dmt .. . .o .o o . s 0.72 0.7 %
|I<(nmx. sig.) i i@ 5 § i s i e 2 x 47 2x 45 mA

Triode connection (g» connected to a)

Va . - - e 55 .. = 250 300 \
Rk (per valve) .. - 28 2 .. .. 560 560 Q
Ra-a s 3 o .. Y - s i 10 10 k)
laco) 22 .. .. Y T o oy 2%20 2x24 mA
Vill(gl gl)r.m.s. .. e % & . aie o 16.5 20 \

out .. .. .. .. . . .o 34 52 A%
Dot o o i ‘i 5 % - o, 2.5 2.5 %
Iu{max, sig.) s e, 25 55 o - 2x21.5 2x26 mA
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OUTPUT PENTODE

EL84
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ANODE CURRENT PLOTTED AGAINST ANODE VOLTAGE WITH CONTROL-GRID
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EZ8I

FULL-WAVE RECTIFIER

HEATER a a' h
IC
Vh 6.3 \ § OO O\ ¢
In 1.0 A (@)
IC OQ o/IC
LIMITING VALUES H=1 d Ic
P.I.V. max. 13 kV B9A
ia(pk) Max. 500 mA
. 18 X DIMENSIONS
la(surge) Max. ’ Max. overall length 785 mm
Vh-x max. Max. seated height 71.5 mm
(cathode positive) 500 \ Max. diameter 222 mm
OPERATING CONDITIONS
Capacitor input
Vimlznns.) 2 250 2x 350 2 x 450 \%
Riim (per anode) 150 230 310 Q
Cus 50 50 50 uF
lout Max. 160 150 100 mA
Vout 245 352 497 v
Choke input
Vin(nm.s.; 2x 250 2x 350 2 X 450 \"
L 10 10 10 H
lout 180 180 150 mA
Vout 199 288 378 \%
CHARACTERISTIC
Anode voltage drop (lous = 150mA) .. e oy % 19.8 A
()
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INDIRECTLY HEATED
FULL-WAVE RECTIFIER

HEATER
Vi

Ih

DIMENSIONS

Max. overall length
Max. seated height
Max. diameter

LIMITING VALUES

P.l.V. max.
ia(pk) Max.
C max. .. .. .
Vu(r.m.s.) .. 2 x 300
Capacitor input
lout max. 250
R]im min.
(per anode) 50
Choke input
'uu( max. 250
Riim min.
(per anode) 0

5.0
1.9

86
72
38

2% 350

250
75

250

OPERATING CONDITIONS

Capacitor input
Vahxm.s.)

v)
2x 300
2x 350
2 x 400
2 x 450
2 x 500
2x 550

Choke input

Vu(r.an.;

(\))
2x 300
2x 350
2% 400
2 x 450
2 x 500
2x 550

Iom

(mA)
250
250
250
250
200
160

|nu!

(mA)
250
250
250
250
250
225

\
A
mm
mm Octal
mm Pin No. 1 IC
1.5 kV
750 mA
o - - - . 60 wF
2x400 2x450 2x500 2x550 \%
250 250 200 160 mA
100 125 150 175 Q
250 250 250 225 mA
0 0 0 0 Q
C Rum Vonl
(per anode)
(F) Q V)
60 75 330
60 100 380
60 125 430
60 150 480
60 175 560
60 200 640
L Riim Vout
(per anode)
(H) (©) 9]
10 0 250
10 0 290
10 0 330
10 0 375
10 0 420
10 0 465
()
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LCR4 AUDIO TRANSISTOR PACKAGE

Package of four audio transistors consisting of two

OC82DM as preamplifier and driver with matched pair of

AD140 output transistors. Intended for use in car radio receivers with class ‘B’ push-pull
output stages.

PACKAGE GAIN PRODUCT
Product of the current gain of the OC82DM driver at Ve = -6V, I¢ = 2mA and the
current gain of an AD140 measured at Vg = -1V, l¢ = 1A,
Min. Typ. Max.
4,000 6,000 8,000

OPERATING CONDITIONS FOR THREE STAGE AMPLIFIER WITH A
CLASS “B” OUTPUT STAGE intended for use in transistor car and radio
receivers

Output stage
With the output transistors mounted on a common heatsink with the thermal resist-
ance quoted, the circuit is thermally stable up to 55°C ambient. The thermal resistance

junction to ambient is 2°C/W (max.) higher than twice the values quoted for the heat
sink thermal resistance. This includes 0.5°C/W contact thermal resistance.

Driver stage
The driver transistor must be fitted with a cooling fin having an area of 3sq.cm.
(material 0.5mm copper strip commercial|half-hard BS899). For the condition Pipaa =
12W the cooling fin should be mounted on a heatsink 5¢cm x 7cm of 16s.w.g. aluminium.

Driver stage

Thermal resistance of heatsink 6 4 °C/W
Supply voltage Vee -14 -14 \
Quiescent current lecq) 2x 30 2x30 mA
Peak collector current lem 0.9 19 A
Collector to collector load Re e 59 26.4 Q
Power delivered to transformer primary Pigaq 6.0 12 w
Distortion Dot <10 =10 %
Average feedback from output to driver

stage 6.0 6.0 dB
Collector current le 5.0 19 mA

Preamplifier stage
Collector current c 550 550 pA
Input impedance Rin >4.0 >4.0 k€

1Sensitivity
Input voltage (r.m.s.) for full output 55to11 19 to 38 mV

Average input voltage (r.m.s.) for
Pioaa = 50mW 0.7 1.4 mV

tDefined as the open circuit e.m.f. from a generator with a 2k source impedance.

(a—
[Mullard|
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AUDIO TRANSISTOR PACKAGE

-0V R —-13:5V R2

LCR4

Vee =14V

0C82DM

Ie(g)=2%x30mA

T2
30

200pF [ ' B J o °©

(8310
Output
Either OC82DM may be used in the driver stage.
COMPONENT VALUES
E; } Value determined by current requirements of previous stages.
Preamplifier stage
R3 150 k€2
R4 39 k€
R5 5.6 k€2
Ré6 82+5% Q
R7 33 kQ
Driver and output stage
Power delivered to transformer primary (Pioad) 6.0 12 w
R8 o .5 e o s . s 18 4.7 k€2
R9 3 o s e s ‘s s 4.7 1.2 k€2
R10 o - e i oF i3 5 470 120 Q
R11 & e - .. = 3 s 330 330 Q
R12 o an - - .. .. o 330 330 Q
R13 s A T v = .. .. 0.5 0.5 Q
R14 5 i s - s o - 330 100 kQ
RV1 s s i Qs s .3 e 500 500 Q
RV2 i 5 i i o T i 500 500 Q
+ g
[Mullard|
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LCR4 o) AUDIO TRANSISTOR PACKAGE

TRANSFORMERS

Driver transformer T1
Turns ratio n 7.0:14+1 45:1+1
Primary inductance (at specified current) L, 3.0 1.0 H
Primary resistance Ry 200 30 Q
Secondary resistance (per half) Rq 8+109%, 8+109%

Output transformer T2
Turns ratio n 2+2:1  135+135:1
Primary inductance (per half) Lp 32 15 mH
Primary resistance (per half) Ry <21.5 <0.6 Q
Secondary resistance Rs <0.3 <0.3 Q

The secondary of the driver transformer and the primary of the output transformer
should be bifilar wound.

The driver transformer inductance is chosen to complement the output transformer
performance.

The frequency response of the circuit shown will typically be ~3dB at f = 100c/s.

TRANSISTORS 2-OC82DM, 2-AD140
AD140:—

ABSOLUTE MAXIMUM RATINGS

Collector voltage
Vcnmax.(lg=0) wite . . o . oo oite -45 \'%
Veg max. (IC = 0.5A, +Vae ZV) wie s ons e -45 Vv
Veg max. (|C = 3.0A, +Vgg = 2V) g o — - -32 \
For the rest of the data see AD140 on page 48.

OC82DM:—

Junction transistor of the p-n-p alloy type in [6229)

TO-1 construction intended for use in the pre- -

amplifier and driver stages of car radio '3 <
receivers with class ‘B’ output stages.

oO

DIMENSIONS

Max. body length
Max. diameter

mm b
Min. lead length 3

Do

TO-1 Construction

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must also be taken into account.

Collector voltage

Common emitter
Veem max. .. - .. .. .. . .. .. -32 \%
*Vegav) max. .. : . .. -16 \%

*These figures apply with an external base-ground circuit impedance of less than 3k
or providing + Vgg>500mV.
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AUDIO TRANSISTOR PACKAGE LCR4

OC82DM (Cont.)

Collector current
lem max. e s o . i % - . ot 20 mA
*|C(A\') max. PR o &% E 6% o % e 10 mA

Emitter current
lgm max. 3! .. .. . .. .. B o 25 mA
*lgav) max. o o . .. - .. .. o 15 mA

Reverse emitter-base voltage
Vesm max. e i oy o - - - = -3.0 \'

*VEB(A\') max. g 4% o a s o 8 o -3.0 A\

Base current

Ipm max. ous 0y s i - o - - 5.0 mA
*IBIAV) max. . .o .o .. .. . .. oo 5.0 mA
Total dissipation i = o " .. See curve on page 51
Tj max. = Tamn
Piot max. = e

*Averaged over any 20ms period.

Temperature ratings

Tstg max. o e 5 - - - - - +85 ol
Tstg min. 4 - i3 ire & - - - -55 °C
Tj max. (continuous operation) s o o o s 85 °c
Bj—amv (without cooling clip in free air) .. ik - . 0.35 °C/mW

CHARACTERISTICS at T; = 25°C
Typical production spread

Common base Min. Typ. Max.
Collector leakage current
(VCB = 10V, lE = OmA) ICBO — — 13 }LA

OPERATING NOTES
1. Transistors may be soldered directly into the circuit but the heat conducted to the
junction should be kept to a minimum by the use of a thermal shunt.

2. Transistors may be dip soldered at a solder temperature of 240°C for a maximum of
10 seconds up to a point 5Smm from the seal or when vertically mounted for 5
seconds up to a point 2mm from the seal.

3. Care should be taken not to bend the leads nearer than 1.5mm to the seal.

(I
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AUDIO TRANSISTOR PACKAGE

LCR4 (cone)

|
"

1L FJ

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST
AMBIENT TEMPERATURE
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AUDIO TRANSISTOR PACKAGE LFH3

Package of three audio transistors consisting of OC81D driver
and matched pair OC81 output types intended for use in
the driver and output stages of radio receivers and gramophone amplifiers.

PACKAGE GAIN PRODUCT

Product of the current gain of a matched pair of OC81 and the current gain of an
OC81D in a typical driver circuit.
Matched pair of OC81 measured at Ic = 300mA and the OC81D driver at Veg = -7V,
lc = 3.0mA, load resistance 7.5k(2 and input shunt loss of 5.6k().
Min. Av. Max.
2100 3600 6200

OPERATING CONDITIONS

(a) Operation at Tamy <45°C in free air.
(b) Operation at Tamp = 55°C with each output transistor in a standard cooling clip
type (a) or extended version of type (b). (See page 133).

COMMON EMITTER 500MW PUSH-PULL AMPLIFIER (Fig. 1)
R7 IISM(+20%
VVVW

-7v R3 ‘ l ‘ -ov

100 RI e
PFT—' 68kQ m
" T(s3n
O5SuF
ot
R2
22k
o 9
All resistors £ 10% except
where otherwise shown
The secondary of the driver trensformer and the primary of the
output transformer should be bifilar wound.
V(!l! .. .. .. .. .. .. .. .. Y —9.0 V
lem - o s - o 53 - 85 ‘% 125 mA
Power delivered to transformer primary (Pout) .. . i3 500 mW
Dtut, . . .. .. . .. .. .. .o 10 %
Diot at Pouy = 450mW o = . .. .. % 6.0 %
Total negative feedback (av.) .. - - .. . .. 6.0 dB
Input requirements
Spread of input current (r.m.s.) for Py = 500mW . 6.4 to 10 uwA
Average input current (r.m.s.) for Py = 50mW e a3 2.4 uA

(@)
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LFH 3 (Cont.)

SPLIT LOAD 540MW PUSH-PULL AMPLIFIER (Fig. 2)

AUDIO TRANSISTOR;PACKAGE

-7V R3
e NN P
4
3mA|
H
ORI
ES100uF 27k |
> - 115 N turns
Res. Res. 5Q01*10%
<1200 i u
ocsID
—O< — — —,
OtouF ) | N turns 1
_— > =1 o 1€ Res<0-201
o S
345N turns Ls.3n
Res.<I)
3-45N turns
R2 S R4 % Res.<IN) &
| 82kne 33007 & =
[ o o ‘
| ‘ ‘ | |
l | : . -
All resistors *10% except RS €— ,7;77
where otherwise shown
Vee -9.0 \
lem .5 % y 0 . 125 mA
Power delivered to transformer primary (Pout) 540 mW
Dot o - 10 %o
Diot at Poy¢ = 450mW 8.0 %
Input requirements
Spread of input current (r.m.s.) for Py = 540mW ..55t017.5 A
Average input current (r.m.s.) for Py = 50mW 3.0 uA
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AUDIO TRANSISTOR PACKAGE

SINGLE ENDED 500MW PUSH-PULL AMPLIFIER (Fig. 3)

R

680kN

LFH3

-7V R3
S B
RI lmAt
27
kO
ocsID
B —
cr L c2 ?T%
10053 100 :
»HF | pF | -
S|
>
<R2
<10
Tkﬂ
O-

5,

i

All resistors + 10% except

wnere otherwise shown.

Vee

lem

Dlot

Power delivered to load (Pioaq)

Diot at Pipaqa = 450mW

Total negative feedback (av.) ..

Input requirements

Spread of input current (r.m.s.) for Pjgaa = 300mW
Average input current (r.m.s.) for Pigaa = 50mW. .

e
N

6.0+6.0
200
500
10

5.0

6.0

10 to 15.5
2.2

mA
mW
%
%
dB

uA
uA
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LFH3 fEan) AUDIO TRANSISTOR PACKAGE

COMMON EMITTER 1W PUSH-PULL AMPLIFIER (Fig. 4).

(a) Operation at Tau, <45°C with each transistor in a standard cooling clip type
(b) mounted on a heatsink 5cm x 7cm of 16 s.w.g. aluminium or equivalent.

R9 560k +20%

-7v. R3

100 wm RI
;JF‘:‘:' 47kQ

o

All resistors t 10% except
where otherwise shown

17

The secondary of the driver transformer and the primary of the output

transformer should be bifilar wound.

VCC

lom . - - . -
Power delivered to transformer primary (Pout)
Dtut .. .. .

Total negative feedback (av.)

Input requirements

Spread of input current (r.m.s.) for Poy = 1W
Average input current (r.m.s.) for Py = 50mW

-9.0
250

1.0
10

5.0

16.5 to 26.5
5.0

\"
mA
w
%
dB

A
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AUDIO TRANSISTOR PACKAGE LFH3

TRANSISTORS OC81D, 2-OC81

OC81D, OC81:— 8213
e— c dot
DIMENSIONS 00 O
Max. body length 157  mm g
Max. diameter 59 mm
Min. lead length 37 mm

ABSOLUTE MAXIMUM RATINGS
The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must also be taken into account.

Collector voltage ocC81D OC81
Common emitter
Vom max. .. .. .. . . i% =32 =20 \"
Vce max. (d.c.) . o . -16 -10 \

These figures apply with an external base ground circuit impedance Rp < 300Q2 or
+ Vpe > 500mV.

Collector current

tlem max. s i - o =3 .. 20 500 mA
*IC(AV) max. 5% i aie o i v 10 200 mA
Emitter current
tlem max. o o .. a6 » - 25 550 mA
*g(av) max. = . .. .. "™ =~ 15 220 mA
Reverse emitter-base voltage
VeEMB max. s 0e % ang o .. -1.0 -3.0 \'%
Base current
lgm max. 5.0 50 mA
*IB(AVD max. 5.0 20 mA

Total dissipation
_ Tj max. = Tamp
0
*Averaged over any 20ms period.

+Owing to linearity considerations it is inadvisable to design for peak currents greater
than 300mA where low distortion is required.

Piot max. =

Temperature ratings

Storage temperature .. o5 . - - -55to +85 °C
Maximum junction temperature
Continuous operation i : 5 o 85 °C

Junction temperature rise above amblent 4] ocs81D ocCs1
(1) without cooling clip in free air .. . 0.4 0.2 °C/mW
(2) With type (a) or extended type (b) coollng cllp

(See outline drawing and page 123) — 0.15 °C/mW
(3) with standard clip type (b) ona heatsmk 5>< 7cm,

16 s.w.g. aluminium T —_ 0.1 °C/mW

(O,

[Mullard | ’
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LFH3 (Cont.) AUDIO TRANSISTOR PACKAGE

CHARACTERISTICS at T; = 25°C
Typical production spread

Grounded base o]@:} ] »] ocCs1
Collector leakage current leso Av. Max.
(Ves = =10V, Iy = OmA) <13 4.5 10
(Ves = =10V, Iy = OmA, T; = 85°C) — 300 500

Grounded emitter
Current amplification factor

(Vee = -2V, Ic = 3mA) hrgL -25 = ==
ocs1
Base input voltage Min. Av. Max.
(V(-E = —6\/. |(~ = ZmA) V|;|.; — —1 50 e
Collector bottoming voltage
(lq' = 300mA. ||; = 90mA) V(‘p; = -300 —500

LARGE SIGNAL CHARACTERISTICS OF OC81 (T; = 25°C)
Static characteristics

A . lc = leno
Current amplification factor hyg), = —————

Is+leno
at Veg = -1.0V, Ic = 300mA h¥gL -45
hrgr at lc = 50mA .. T 3 - e s - <1.6
hrgr at lc = 300mA
Base input voltage Av. Max.
(Vee = -1V, Ic = 300mA) Vi —475 -750

CHARACTERISTICS OF MATCHED PAIR OC81 (T; = 25°C)
Ratio of the current amplification factors of the two transistors at:

lc = 50mA ..
lc = 300mA ..

AR
RN
i

uA
uA

mV

mV

mV
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AUDIO TRANSISTOR PACKAGE

Cooling clips

33
30 -
+ 75+
=SSsaE
E |
e I
) i k9 [
s ) |
Lo '
PR
| r— 20
’ Standard clip
15 =15 p-——— 30
e 65192
| [ 1 ===

Extended clip
Type 'b'

Material: O-5mm copper strip commercial half-hard BS899

Ve (pk)

LFH3

max

(ocsip)

v)

3229][ v,
max

(v)

Grounded emitter

T T TTTIT

Derating curve for Ve max and

-20

¥e(pkymax against external
base r t and i

respectively. Provision must also

be made (o ensure thermal

stability

=5

ol

o3 I

3

10

30 100 300 Rp(k0))
b

MAXIMUM PEAK AND AVERAGE COLLECTOR VOLTAGE PLOTTED AGAINST
EXTERNAL BASE-EMITTER IMPEDANCE OR RESISTANCE

"
[Mullard |
N
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LFK3 AUDIO TRANSISTOR PACKAGE

Package of three audio transistors consisting of OC81D driver
and complementary matched n-p-n/p-n-p output types AC127
and OC81. Intended for use in transformerless audio amplifiers for portable radio receivers.

PACKAGE GAIN PRODUCT

Product of the current gain of a matched pair of AC127/OC81 and the current gain
of an OC81D in a typical driver circuit.

Matched pair of AC127/OC81 measured at Ic = 50mA and the OC81D driver at
Ve = =7V, Ic = 3.0mA, load resistance 7.5k and input shunt loss of 5.6k(.

Min. Typ. Max.
2600 5000 7600

TWO-STAGE AMPLIFIER WITH P-N-P/N-P-N SINGLE ENDED PUSH-PULL
OUTPUT STAGE

All

unless otherwise shown

Tr1 OC81D
Tr2 OC81
Tr3 AC127
o B = Ve
A
| | ‘
— T i'. |
| O-2u V2
rq '
5kQ

resistors +10°/

8220
For operation at Tamn << 45°C with each output transistor having a cooling clip.
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AUDIO TRANSISTOR PACKAGE LFK3

OUTPUT STAGE

-Vee - e -y - o - .. 9 9 \"
Pout » i o . .- - s 200 300 mW
RS, R6 .. .5 s s s “3 a5 3.3 33 Q
R3 resistive bias . " = - .. 120 56 Q
leaq)+lcs@ .- - .. . - " 3.0 3.0 mA
R3 presetl{ - o s 500 100 Q

Thermistor bias
R10 J .. .. g .. .. .. VA1064 VA1040
lezi)+les@ - e - - s - 2.0 2.0 mA
Rioad - .. .. .. .. . .. 30 15 Q
lem .. .. . - .. - .. 115 200 mA
C5 - 53 s = o . % 320 320 uF

DRIVER STAGE

-V2 o5 o o - o s - 4 4 \
le e ot - ws - - s 2.7 3.0 mA

R1 .. - i - . - - 2.7 1.2 kQ

R2 o o s P o o 2 1.5 0.68 k€

R4 a8 - e i e o o3 220 100 Q

R7 .. .. o I e s o 6.8 3.6 kQ

R9 e - - . - " 5 6.8 2.2 k€2

*Average input sensitivity for Po,¢ max. - s 52 100 uA
Pout = 50mW o 24 40 A

Dtot at Pout max. s o - - .. 3.5 3.0 %

Pout = 50mW .. o ws .. 20 1.0 1.0 %

FEEDBACK COMPONENTS

R8 o . X i o o s 560 220 Q
Cc4 o - - a5s oy o e 390 100 pF

*With 6dB average feedback.

The sensitivity of the two stage amplifier shown is such that to obtain full power
output requires the use of a preamplifier. With the preamplifier shown on page 126
the average sensitivity with a 2kQ source is as shown. The spread in sensitivity is
approximately + 3dB.

Pout = 200mW 300mW

For Pout = 50mW 6.9 11.5mV
For Pout max. 15 28.5mV
(R
Mullard
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LFK3 (Cont) AUDIO TRANSISTOR PACKAGE

PREAMPLIFIER (for use with 2 stage amplifier)

V-7V

[ 3. ™

RIl §R|4
>

f;mz j E)
< < <
| ] 1
All resistors ¥10%
[B 219]
Tr4 o - - - 5 - - s s OC71
lc 5% g3 n i ol - - e - 0.6 mA
V1 i i3 3 i s s e B o -7 \
R11 =5 oF =5 .. e - .. i e 100 kQ
R12 o .. . e o o o " = 27 k€
R13 .. .. e ore o g8 e .. .. 120 k€
R14 st - X oe - - - - - 6.8 k€
R15 - 5% i s . . . g s 2,2 kQ
R16 5% 0% T .. Value will depend on preceeding stages
Cé 3 o o s - 4k wré i 5 s wF
C7 -, o o e e s . on .. 200 uF
c8 o . .. = orE o S .. .. 100 uF
TRANSISTORS OC81D, OC81, AC127
[6229]
e— ¢ B dot € c
(@]
00 O oo
e b Q e
- b
OC81D, OC81 AC127
A—_
Mullard
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AUDIO TRANSISTOR PACKAGE LFK3

DIMENSIONS
Max body length: 15.7mm (AC127: 9.4mm)
Max. diameter: 5.9mm (AC127: 6.1mm)

Min. lead length: 37 mm (AC127: 38 mm)

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these ratings. In
arriving at the actual operating conditions, variations in supply voltages, component
tolerances and ambient temperature must also be taken into account.

Collector voltage OC81D 0OCs81 AC127
Common emitter
Veem max. i - T .. - -15 -15 +15 \
VCE(AV) max. oo . . -15 -15 +15 \'%
These figures apply with Ry < 2kQ.
Reverse emitter-base voltage
VEBM max. o % Gl i % -1.0 -3.0 +3.0 \'
Collector current
lem max. % - - <5 w5 20 200 mA
*le(av) max. s - o8 - 55 10 200 mA
Emitter current
lgm max. i e . . - 25 220 mA
*lc(,\\') max. .o oo o o oo 15 220 mA
Base current
gy max. 5.0 20 mA
*IB(ay) max. 5.0 20 mA
Total dissipation i i s = See page 140
Py AR = WX_—T)
*Averaged over any 20ms period. ( ok - (]
Temperature ratings
Tstg max. ¥ sk ot e vs +85 +85 +75 °C
Tstg min. - - - e - -55 -55 -55 °C
T; max. .. 85 85 75 °C
T; max. (|nterm|ttent operatlon total duration
200 hours max.) 1 .. .. .. 90 90 90 °c
UJ —amb
without cooling clip in free air .. 0.4 0.2 0.36 °C/mW
with type (a) or extended type (b) coolmg
clip (see outline drawing on page 129) .. —_ 0.15 — °C/mW
with cooling clip (see outline drawing on
page 129) A — — 0.22 °C/mW
with standard C|IP type (b) on a heatsink .
5x7cm, 16 s.w.g. aluminium — 0.1 — °C/mW
with cooling clip on a heatsink of 12.5cm?. | — — 0.16 °C/mW
(I
Mullard
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AUDIO TRANSISTOR PACKAGE
I-FK3 (Cont.)

CHARACTERISTICS (T; = 25°C)
Typical production spread

ocs81D ocs1 AC127
Common base

Collector leakage current leBo Typ. Max. Typ. Max.
(Ves = 10V, Ig = 0mA) <13 4.5 10 50 10 pA
(Ve = 10V, Ig = OmA, T; = 75°C) — 150 250 350 650 uA

Common emitter
Current amplification factor hre
(V(:E = —2V. |(: = 3mA) ~>25 —_ —_ —_— —_—
ocCs1 AC127
Base input voltage Ve Typ. Typ.
(Vee = 6V, lIc = 2mA) -125 +125 mV
Collector knee voltage VeE(knee)
(Ic = 200mA) -300 +300 mV

LARGE SIGNAL CHARACTERISTICS FOR OC81 and AC127. (T; = 25°C)
Static characteristics

Current amplification factor hrg
(Vee = 1.0V, Ic = 200mA) =50 >50
(Ve = 0V, Ic = 50mA) =65 >65
Base input voltage VeEg Typ. Max. Typ. Max.
(Ve = 1V, Ic = 100mA) -300 -450 +225 +400 mV

CHARACTERISTICS OF MATCHED PAIR AC127/OC81. (T; = 25°C)

Ratio of the current amplification factors of the two
transistors at : lc = 50mA .. .. . o 1 Z12:1

OPERATING NOTES

1. Transistors may be soldered directly into the circuit but the heat conducted to the
junction should be kept to a minimum by the use of a thermal shunt.

2. Transistors may be dip soldered at a solder temperature of 245°C for a maximum
of 5 seconds up to a point 1.5mm from the seal. The temperature of the envelope
in contact with the printed board must not exceed 115°C for two minutes.

3. Care should be taken not to bend the leads nearer than 1.5mm to the seal.

COOLING CLIPS

Type (a)
Intended for operation in free air and not recommended for bolting on to a heatsink.
Type (b)
Extended version. (Area 15 x 30mm). Intended for operation in free air but may be
bolted on to such materials as paxolin without deterioration in the thermal resist-
ance.
Standard version. (Area 15x 20mm). Intended to be bolted on to a heatsink.

(@
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AUDIO TRANSISTOR PACKAGE LFK3

COOLING CLIPS
OoCs1
OC81D

15—
r 75 peo—
|
|
|

- | 5y

| —-——20

N Standard clip
15 15— re—— 30
6532 6 5¢oz
‘E'f'; %+% 0

Extended clip

Type 'a'
y Type 'b'

Cooling clips

Material: 05mm copper strip commercial half-hard BS899

AC127

‘
i
03

} |

Dimensions of cooling fin

Material: Cadmium plated steel

(@
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AUDIO TRANSISTOR PACKAGE

[ [

00€

(Mw
XxDW
103

LFK3

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST
AMBIENT TEMPERATURE
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AUDIO TRANSISTOR PACKAGE LFK4

A package of four audio transistors, comprising an AC127 pre-
amplifier, an OC81D driver and a complementary n-p-n/p-n-p
matched pair of OC81/AC127, intended for use in transformerless audio amplifier stages in

portable receivers.

THREE STAGE AMPLIFIER WITH CLASS “B” N-P-N/P-N-P OUTPUT
STAGE

A simple d.c. coupled circuit, using a minimum of components and offering low driver
current is illustrated below.

The achievable output with 9V supply is approximately 700mW, while at 12V about
1W may be obtained. The circuit as specified is for operation from a 9V battery, but
may be operated with suitable modifications from a 12V supply.

R3
-7V
_L VWV
1004F [/\RL
|
RI
2kn —— ANANA——F ~
i
r3 |
ocsl ‘
oo 1
220 * 200F
6V
5600
L * 9oV
OpuF |
6V Trl |
ACI27 |
- .
200pF
Tev" T ]
| Tr2
; ocai|
. s
33kA AW
on 3900
*
+

All resistance values + 5%, except those marked* which may be +10%.




LFK4 (Cont) AUDIO TRANSISTOR PACKAGE

CIRCUIT VALUES AND PERFORMANCE

The performances quoted are based on the series resistance of the 200u.F capacitors
being less than 2Q. With each transistor mounted in a cooling clip (as shown page 131)
bolted to a heatsink of 1mm thick aluminium, 12.5sq.cm area, the circuit is thermally

stable up to 45°C ambient.

Loudspeaker impedance Zx 10
Ry 680
Ra 47
C 8200
Quiescent driver current 1c2(q) 6.2
Total quiescent current leaytot 9.8
Pout (Dlnt = 5%) 500

DRIVE REQUIREMENTS
Loudspeaker resistance .. oo - s 10

Input voltage (r.m.s.) (e.m.f. from a generator with
2.0k} source impedance)

For 50mW .. o o - o .. 16
For 400mW .. .. .. .. .. .. —
For 500mW .. ia . e - o 62

15
1000
68
6800

4.2
7.8
400

15

17
60

Q
Q
Q

pF
mA
mA

mW

[9)

mV
mV
mV

The value of C; given introduces a treble cut having a value of -3db at 4kc/s.

R3 should be chosen to give the voltage shown taking into account the total current

consumption of preceding stages.
TRANSISTORS. OCB81, OC81D, AC127. For data see LFK3.

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, the transistors may be soldered directly into a circuit,
but the heat conducted to the junction should be minimised by the use of a heat

shunt.

2. These transistors may be dip-soldered at a solder temperature of 245°C for a
maximum time of 5 seconds. The case temperature during dip-soldering may exceed
the maximum storage temperature for a period not exceeding 2 minutes, provided
that it at no time exceeds 115°C. These recommendations apply to a transistor
mounted flush on a board with punched-through holes or spaced 1.5mm above the

board with plated-through holes.

3. Care should be taken not to bend the leads nearer than 1.5mm from the seals.

MARKING

The complementary matched output pair are identified by means of an orange dot

on the top.
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GERMANIUM DIODE

Germanium diode of all-glass construction
intended for industrial applications.

DIMENSIONS
Max. overall length 66.5 mm
Max. diameter 3.5 mm
Max. body length
without leads 7.6  mm

i

ABSOLUTE MAXIMUM RATINGS (Tamy = 75°C)

Maximum inverse voltage
Peak
Surge (in video detector applications)

Maximum forward current
Peak

Average (averag;ea ove;"any 50ms pét:iod or d.c. c.o’mpon.e.nt)

*Average (averagéa ove;"any 50ms pe.r.iod ord.c. c.o.mpon.e'nt)
Surge (occasional overload max. duration 1.0s) ax

Temperature ratings
Maximum
Minimum

Tstamgc

+90
-55

Junction temperature rise above ambient in free air

*The maximum forward current is 10mA at 75°C and when the inverse voltage over
any part of the cycle is zero. For other values of inverse voltage and temperature see

curve below.

0A80

7739

Forward|
current

(mA)

fent=255
™ 2

ambient75°C

20

Peak reverse voltage(V)

0A90

30 \

20 \

40 \

45 mA

10 mA

200 mA
Tumbient

+75 °C

=55 °C

0.4 °C/mW
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0A90 (con)

GERMANIUM DIODE

CHARACTERISTICS
Typical production spread
At Tamn 25 60 °C
Min. Typ.  Max. Min. Typ.  Max.
Forward voltage at
forward current of
100p.A 100 180 250 50 120 200 mV
10mA 0.5 1.0 1.5 0.4 0.95 1.4 \%
30mA 1.1 2.0 32 1.0 1.95 31 \
Typ. Max. Typ. Max.
Reverse current at
reverse voltage of
1.5V 2.4 10 1 40 pA
10V 20 135 45 270 pA
20V 90 450 140 650 pA
30V 0.3 1.1 0.4 1.5 mA
DYNAMIC CHARACTERISTICS at Ty, = 25°C
f - % o o 30 40 40 40 Mc/s
Vin(pk) 5.0 5.0 1.4 0.5 \"
R .. 3.9 3.0 3.0 3.0 kQ
C.. 10 10 10 10 pF
* .. 60 63 54 34 %
Rq s o 2.9 2.4 2.8 37 kQ
*n = (d.c. output voltage/peak input voltage) x 100.
0 o 2 /
T (mA) /
Tambient=25°C £
= — — Tambient =60°C
V7
2/
E A
"'
7
Revers Forward
i o ” "
= 4 05 0
/Z ]
5
= T
[ |
= e I
10
Reverse
current
(pA)

LOW LEVEL CHARACTERISTICS AT AMBIENT TEMPERATURES OF 25 AND 60°C.

-_—
- [Mullard]
A
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R.F. TRIODE

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.

lh mA

Vh 4.0 \
DIMENSIONS

Max. overall length 419 mm

Max. seated height 349 mm

Max. diameter 19 mm

a

s —H

g o e o o=
kh

B7G

CAPACITANCES (with external shield)

Csg
Ca—k+h+s
Cg-k+h+s
Ca—k
Cg-k
Cg-h
Ck—h
CHARACTERISTICS

Va 135 \Y Vam) max.
Ia 1.5 mA V. max.
Ve -1.0 \4 Pa Max.
gm 14.5 mA/YV I max.
w 72 -V max.
Ta 5.0 k€2 Rg -k max.

Vh-k max.

OPERATING CONDITIONS 1
Vi 135
Ra 1.0
Ry 0
la 17
lg 10
Vi -0.5
gm 20
® - e “n i 80
Vg for 10 :1 reduction in gn 2.4
Vg for 100 : 1 reduction in gn -5.3
(G
[Mullard|

350
3.0
4.5

80
33

<70
2.3

DESIGN CENTRE RATINGS

200
4.7

17
10
-0.5
20
80
-3.3
-7.7

550
200
22
20
50

1.0
100

200
5.6

82
1.5

1.0
14.5
72
-3.8
-8.1

mpF
pF
pF
mpF
pF
mpF
pF

kQ
Q
mA
uA

mA/V
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Pc900 (Cont)) R.F. TRIODE

[ [ 1 T [ B1647] | T
) Y I PC I l | ,‘ - a
RN I‘ I ‘ l,u 900 M T {may
1 O A 0 I - L
,{_\, e vesov L] T
T EENENEEEEEEN >
| ‘ i | | | S
| 1 || ‘ 1[Il 22z2>2
[ ] 188383
15
10
5
l | O
Vg(V) -6 -5 -4 -3 -2 -1 0}

ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE WITH ANODE VOLTAGE
AS PARAMETER

()
[Mullard]|
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R.F. DOUBLE TRIODE PCC89

Variable-mu double triode primarily in- [Boi2)
tended for use as a cascode r.f. amplifier at
frequencies up to 220Mc/s in television re-
ceivers with series connected heaters.

HEATER
In 300 mA
Vi 1.5 \ B9A
DIMENSIONS
Max. overall length 56 mm LIMITING VALUES
Max. seated height 49 mm (each section unless otherwise specified)
Max. diameter 222 mm Vs Fiide 130 v
4 A
CAPACITANCES (shielded®) Pa Max. 18 W
| ¢ 18 mA
Bl <15 mpF ke max
-V A 50 Vv
Cg'—a” <50 mpF o A
Ry k+ max. 1.0 MQ
Grounded cathode section Rg”—k~ 500 k€2
Ca'—g’ 1.9 PF Vh k’(r.m.s.) Max. 50 v
o Vp Kk~ Max.
S a4 o ‘(cathode positive) 200 \
Soal! 25 eF Ry k max. 20 kQ
Cg'-h <300 mpF
Grounded grid section CHARACTERISTICS (each section)
Car—g” 4.1 pF Va 90 Vv
Cartym <200 mpF I 15 mA
Ck”—g”+h+s 6.3 PF VL,_ -1.2 v
Ca”—g”+h+s 4.5 PF gm 12.3 mA/V
Ch-k~ 2.9 pF " 36
*Shield connected to same terminal as g” ra 2.9 k€

The triode on pins 6, 7, 8 and 9 should have grounded cathode connection and that
on pins 1, 2 and 3 should have grounded grid connection. It is recommended that
pins 7 and 8 should be strapped.
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PCC89 (Cont.) R.F. DOUBLE TRIODE

18OV

80 ’1 lead—through
Q J Jccpacitor
E

O

CHARACTERISTICS (cascode—see Fig. 1)

Vy o " e i i e s - .. 180 \%
la .. e i - o ws 5 i s - 15 mA
gm R .. .. .. .. .. .. - - 12 mA/V
Ve 3 s oy s s ar o . s -9.0 v
Noise factor .. . - - s s i s 5.5 dB

*For 100 : 1 reduction in cascode slope.
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R.F. DOUBLE TRIODE

PCC89

5475

PCCB89

| 5 5 i O

Each section

) 15 I

Va=90V

——

Fa

- —

Iq

AN

(maA)
gm
(maA/vV)
(kQ)

30

25

20

Vg (V)

-8

ANODE CURRENT, MUTUAL CONDUCTANCE AND ANODE IMPEDANCE PLOTTED

AGAINST GRID VOLTAGE

()

[Mullard|

A
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PCCI89

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

HEATER
In 300 mA
Vh 7.6 \%
DIMENSIONS
Max. overall length 56 mm
Max. seated height 49 mm
Max. diameter 222 mm

CAPACITANCES Shielded

Ca’'—a” <15 mpF
Cg'—a” <40 mpF

Grounded cathode section

Ca'—g’ 19 pF
Cg'—k’+h+s 3.5 pF
Ca’'—k’+h+s 2.3 pF
- —n <280 mpF

Grounded grid section

Car—g” 1.9 pF

Ck”—g”+h+s 6.0 pF

Ca”—g”+h+s 4.0 pF

Ck"—h 3.0 pF

Car—k” 170 mpF
NOTE

V.H.F. DOUBLE TRIODE

B9IS q'§ Q" h
| h a'
v« /000N |
; " 0)9
I 9 \O. O,
I\O O/ k
- - g
K h h ¥
B9A
CHARACTERISTICS (each section)
Va 90 \"
Ve -1.4 \
Iu 15 mA
gm 12.5 mA/V
ra 2.5 kQ
n 34
Vg (for 20 : 1
reduction in gm) -5.0 \
Vg (for 100 : 1
reduction in gm) -9.0 \

DESIGN CENTRE RATINGS (each
section)

Va(p) Max. 550 \%
Va max. 130 \'%
Pa Max. 1.8 A%
I max. 22 mA
-V max. 50 A
Rg -k max. 1.0 MQ
Rgr k max. 500 kQ)
Vh ~k’ Mmax. 80 \Y
Vi-k» max.
(cathode positive) 180 \
Ry max. 20 kQ

In order not to exceed the maximum permissible anode voltage when the cascode
amplifier is controlled, it is necessary to use a voltage divider or the grid of the

grounded grid section.
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V.H.F. DOUBLE TRIODE Pcc ; 89

9509 [Pccisg |
NENEEE

] =90V ]
LTI (mA/V)

Each section

0-3

Ol

T —
i
\ .~
N

0:03

A 0-0l

Vg(V) -15 -10 -5 o

ANODE CURRENT AND MUTUAL CONDUCTANCE PLOTTED AGAINST GRID
VOLTAGE
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PCF86

Combined triode and high slope frame grid
r.f. pentode for use as a frequency changer
at frequencies up to 220Mc/s in television
tuners.

TRIODE PENTODE

[B928

HEATER
Suitable for series operation, a.c. ord.c.
I mA
Vh 8.0 \Y
DIMENSIONS
CAPACITANCES Max. overall length 56 mm
(measured without an external shield) m:i ;?:;fst:f'gh[ ;ZZ mm
Czlp at 125 mpF
Cup 148 14 mpF
Cgl-at 10 mpF OPERATING CONDITIONS
Cgl-gt 10 mpF
As a frequency changer
Pentode section Pentode section
Ca—gl 12 mPF Va 190 \%
Cgl-g2 1.7 PF Vggu,) 190 \
Cin 5.8 pF Rgo 18 kQ
Cout 35 pF Rg1 100 kQ
|:\ 8.5 mA
Triode section lgo 27 mA
Cg—k+1 2.4 PF V().\'('(I'.IIL.\.) 2.3 \
Cs kwl: 1.1 pF 8c 4.5 mA/V
Ca—g 2.0 pF
LIMITING VALUES
CHARACTERISTICS PiEtLos exetei o
Pentod ¢ V. max. 250 \
entode section Pa Max. 2.0 W
Va 170 A% Vg2 max. 150 \
Vo 150 \ Pe2 Max. 500 mW
la 10 mA lx max. 18 mA
lgo 33 mA Rg1-x max. 250 kQ
gm 12 mA/V
ra >350 kQ Triode section
Lei-e2 o Va max. 125 v
g e Pa Max. 1.5 w
Req 1.0 ke h: max. 15 mA
Rg-k max. 500 kQ
K
Triode section Vh-x max. 100 s
Va 100 \' *To fulfil hum requirements on a.m.
Iz 14 mA sound, it will be necessary for V,  to
gm 5.7 mA/V be less than 50V, .. For intercarrier
m 17 receivers V) i should not erceed
Ve -3.0 \ 75Vim.s.
(S
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TRIODE PENTODE PCF86

1o 9. [ "pcFee | 9206] [ rq | Ig l
I, [(mANV) e MO)|(pA)
(mA) Vy =190V
g (eff) Rq,=18K0
(MANV) Rg, =100k
20 5 0[50
/' ™~ I'.
4
S
/ A Te M
16 4 o8 |40
/
/
4
A I
A rﬂ ————'
N 4 -
12 3 \/ i = 06 [30
[ o~
= /
= 4
| 3 .
1 \‘ -
] 4 T~ Ia
8 2 f T ) 0-4 |20
/
/ =
=
1 / T~
/ PR
4 | / = o2 |io
B —
yd i
Tg,
o ol f o |o
o 1 2 3 Vosc(Ve.ma.)
PERFORMANCE CURVES FOR USE AS A FREQUENCY CHANGER
(@
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PCF801

Combined triode and frame-grid, variable-
mu pentode for use as a frequency changer

TRIODE PENTODE

and i.f. amplifier at frequencies up to h ap
200Mc/s in television receivers. e}
0~0
k.g3,s 9
HEATER 52 N 8 ’
Suitable for series operation a.c. or d.c. gl
Iy 300 mA O O/t
Vh 8.0 v k.g3:s 9t
DIMENSIONS kpg3s b h
Max. overall length 50.6 mm BYA
Max. seated height 43.6 mm
. CHARATERISTICS
Max. diameter 222 mm Pentode section
CAPACITANCES xa Hg \\5
Cap-at <25 mpF 22
C:z-; <10 mpF la 10 mA
Cel-at <10 mpF le2 30 mA
Cel-gt <10 mpF gm 11 mA/V
Pentode section (with external shield) la =350 k€
Ca—gl 9. mpF Ugl-g2 55
Ca—g1 Max. 12 mpF gl -1.4 \%
Cgl-g2 1.6 pF eq 1.5 kQ
Cin 6.2 pF Triode section
Cout 3.7 pF Va 100 \
Triode section la 15 mA
Co—g 1.8 pF gm 9.0 mA/V
Cin 3.3 pF w 20
Cout 1.7 pF Ve -3.0 \
OPERATING CONDITIONS As  OFERATING CONDITIONS
FREQUENCY CHANGER Pentod pline
Pentode section entode section
Vi 200 200 \%
Vi 200 200 \
a 2.7 4.7 k€2
Ra 2.7 4.7 kQ
Rgo 27 27 kQ
Res 27 27 kQ
0.1 10 MO Rg1 0.1 1.0 MQ
gl & a
a 10 13 mA
la 10 9.3 mA
lgo 3.0 3.7 mA
lg2 3.0 29 mA *
| 80 23 uA Vi L4 L
g1 : oy - gm 11 14.5 mA/V
Vg1 -1.4 \ .
Ve 16 16 v Vg1 (for 100 : 1
g o S0 A7 mav  pliteabed-i2 ¥
n . ; i = c/s
*With grid current bias. *V\l/,ilth grid current bias.
DESIGN CENTRE RATINGS Triode section
Pentode section Va(p) max. 550 v
Vap) max. 550 \ Va max. 125 \
Va max. 250 v Pa Max. 1.5 w
Pa mMax. 2.0 w Ix max. 20 mA
Vga(p) max. 550 \ -Vg max. 50 \
Vg2 max. 250 \ Rg-x max. 500 kQ
Pg2 Max. 450 mW *Vy-x max. 100 v
lie max. 18 mA *To fulfil hum requirements on a.m.
—~Vg1 max. 50 \% sound, it will be necessary for Vy-x to
Rgi-x max. 1.0 MQ be less than 50V s
(I
[Mullard |
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TRIODE PENTODE

Triode pentode for use in line oscillator cir-
cuits, the pentode section as an oscillator
and the triode section as a reactance valve.

HEATER
Suitable for series operation a.c. or d.c.
In 300 mA
Vi 9.0 \%

CAPACITANCES
Pentode section

Ca—gl1 50 mpF

Cgl-h <100 m pF

Cin 5.4 pF
Triode section

Cag 1.5 pF

Cg-h <100 mpF

Cin 2.4 pF

DESIGN CENTRE RATINGS
Pentode section

Va) max. 550 \%
V, max. 250 \'%
Pa Max. 152 \"2%
ng(n) max. 550 \4
Vg2 max. 250 \'
Pg2 Max. 800 mW
lx max. 15 mA
*ik(pk) max. 50 mA
Rgi-x max. 560 kQ
1Vh-x max. 100 \

1Zg1—x (f = 50c/s) max. 300 kQ
*tp max. = 30us, duty factor max. -0.3.

Triode section

va,(b) max. 550 v
V. max. 250 \
Pa Max. 1.5 w
I max. 10 mA
Rg—ix max. 3.0 MQ
1Vh-x max. 100 \'4

fZg —x (f = 50c/s) max. 50 k€2

ay N - F
B9A
DIMENSIONS
Max. overall length 56
Max. seated height 49
Max. diameter 22.2
CHARACTERISTICS
Pentode section
Va 100
Vea 100
la 6.0
Iga 17
Vgl -1.0
gm 5.5
Ug1-g2 47
Fa 400
Va 200
Vea 200
la 10
Vgl -16
Triode section
Va 200
Is 3.5
Ve -2.0
8m 3.5
n 70
ra 20

PCF802

mm
mm
mm

mA/V
kQ

1To avoid hum interference the a.c. component of Vy_i should not exceed 65V at the

specified value of Zg; .
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PCH200

TRIODE HEPTODE

Triode heptode intended for use as a noise- at  dp
cancelled synchronising pulse separator and
clipper.
93
HEATER 9t 9,94
Suitable forseries or parallel operation, v AX:]
a.c. or d.c.
A
I\l/'h 308.0 mv Kt h h Kkngss
CAPACITANCES B108
Can-at <180 mpl DIMENSIONS
Cgl-at 10 mpF
Col-gt 10 mpF Max. overall Iepgth 56 mm
Cga-at 30 mpF Max. seated height 49 mm
Max. diameter 222 mm
Heptode section
Cout 6 pE OPERATING CONDITIONS
Ca-g1 100 mp v, 1 14 v
Ca g3 ~250 mpF V:‘Z\ul 14 14 v
Cut-x3 0 mpF L ~200 800  uA
F . lgs 1.0 1.0 uA
Triode section It 30 30 vA
Cin 3.5 pF
S ez DESIGN CENTRE RATINGS
a-g : P
Heptode section
CHARACTERISTICS V() max. 550 \
H tod ti Va max. 250 \%
eptode section ety 1.0 w
Va 14 v V2 ga(h) Max. 550 \%
Vo iga 14 v Vo 1ga Max. 50 A\
a 800 pA Vgoiga min. 10 A%
lgo g 900 uA Pe2iga Max. 500 mW
lgs 1.0 pA Vgl (pk) Max. 150 \
le 30 wA —Vg3(pk) Max. 150 A%
Vs (la = 20pA, I, max. 125 mA
le1 = 30uA) -2.0 ¥ Rgl k max. 3.0 MQ
Ve (la = 20uA, Rgs x max. 3.0 MQ
Ven = 3.25¥) 20V Vi i max. 100 v
Vgz max. (Igs = 0.3pA) <-1.3 \
Vg1 max. (lgg = 0.3pA) <-1.3 \ Triodeisection
Triode section xmn%::(ax. ggg x
@ *
Va 100 \ Pa Max. 1.5 4
la 9.5 mA —Vg(pk) Max. 200 Vv
Ve -1.0 \'% I, max. 20 mA
gm 8.5 mA/V Ry k max. 3.0 MQ
m 48 Vi-x max. 100 \%
[ .
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TRIODE PENTODE (separate cathodes)

Combined triode and output pentode for use
in television receivers with the triode as

Bo25] dp It

keyed a.g.c. valve, sync-separator, sync- h
amplifier or for use in noise suppression 090
circuits and the pentode section as video 5 o ke (@]
output valve. gl (@)
at o O
HEATER 92
In 300 mA RKusias b
Vi 15 v R
DIMENSIONS B9A
Max. overall length 67.5 mm
Max. seated height 60.5 mm
Max. diameter 222 mm LIMITING VALUES
Pentode section
CAPACITANCES Va(p) max. 550
Cat—gl <10 mpF Va max. 250
Cat—gl <10 mpF Pa Max. 4.0
. Vgo(n) max. 550
Pe;:ntode section o , ng( n)1ax. 250
in . P
gl fe max, 0
i k .
Ca-gl ) R mpF Rg1-k max. (fixed bias) 1.0
Triode section Vi_x max. 200
Cg-k 3.8 pF
Cak 2.3 pF Triode section
Co—g 2T pF Va(n) max. 550
Cg-h <100 mpF Va max. 250
Pa mMax. 1.0
CHARACTERISTICS ik(pk) Max. 160
Triode section I max. 12
Va 200 \ Rg—x max. (fixed bias) 1.0
Vy -1.7 \% Vh_k max.
la 3.0 mA (cathode negative) 150
gm 4.0 mA/V *Vhfk(pk, max.
ra 16.2 kQ (cathode positive) 350
® 65 *Max. d.c. component = 200V
CHARACTERISTICS
Pentode Section
Va 170 200 220
Vg2 170 200 220
Vei =21 -2.9 -3.4
la 18 18 18
lg2 3.0 3.0 3.0
gm 11 10.4 10
ra 100 130 150
tgl-g2 36 36 36
PENTODE SECTION AS VIDEO OUTPUT VALVE
Vi = Vg o : as - - 170 200 220
g1 -2.0 -2.8 -3.3
a 3.0 3.0 3.0
la .. 18 18 18
lg2 3.2 341 31
gm 10.4 10 9.7
()
[Mullard]
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TRIODE PENTODE

PCL84 con)
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TRIODE PENTODE PCL85

Combined triode pentode with separate
cathodes for use as a field oscillator and B93)
field output valve in television receivers
employing 110° tubes.

HEATER
In 300 mA
Vi 18 \"
CAPACITANCES
Cap—gt <40 mpF
Cat—g1 <80 mpF B9A
Cgt—gl <30 mpF
Cat—ap 130 mpF
Pentode section
Cin 125 pF
Cout 9.0 pF
Ca—gl 450 mpF
Cgl-h <200 mpF
Triode section
Ca—k+h 350 mpF DIMENSIONS
Cg—k+h 2.8 pF Max. overall length 785 mm
Ca—g 1.9 pF Max. seated height 71.5 mm
Cg-n <140 mpF Max. diameter 222 mm
CHARACTERISTICS
Pentode Section
Va o% o s ai e o 50 65 170 \
Vg2 i .. i .. .. .. 170 210 170 \%
la .. .. .. .. .. - - 200 285 41 mA
lg2 .. - - .. T .. 35 45 2.7 mA
Vi - - - .. . .. -1.0 -1.0 -15 \
gm - oo - - 53 - — — 7.25mA/V
Hgl-g2 % s o % &% iE o — 7.0
ra s e s S o - — — 25 kQ
Triode Section
Va .. .. = .. .. - - . .. 100 A
la .. .. - - - -, i3 s N o 50 mA
Vg - o - . s o5 % " £3 -0.85 \%
gm is s s > 3 - e 5% - 5.7 mA/V
© %3 o i o o A .. . o 60
s - T . .. . e - .. . 1 kQ

TYPICAL OPERATION
Pentode Section as field output valve
Stabilised circuits

See nomogram on page 150.
Non-stabilised circuits

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

Vg min. .. @ 5 i ¥a .. - .. .. 55 \
Vga .. .. . .. o . .. .. .. 170 \
ia;‘pk) . wio oo - . o e . . 130 mA
(I
[Mullard]



PCL85 (cont) TRIODE PENTODE

LIMITING VALUES

Pentode section Triode section
Va(p) max. 550 \ Va(p) max. 550 \
V. max. 250 Vv V. max. 250 \'%
*+ Va(pk) Max. 2.0 kV Pa Max. 500 mW
Pa Max. 7.0 w Ix max. 15 mA
Vg2(b) max. 550 \ *ik(pk) max. 200 mA
Vga max. 250 \% Rg-x max. 1.0 MQ
Pe2 Max. 2.0 w Vh-k max. 220 \s
Il max. 75 mA Rp—x max. 20 kQ
Rglfk max. 10 MQ leu]b max. 240 °C
Vh-x max. 220 \%
Rh-x max. 20 kQ
*Max. pulse duration 7%, of one cycle *Max. pulse duration 3% of one cycle
with a maximum of 1.4ms. with a maximum of 200us.
i B PCLES I [ ] Trese
pad ey N et ;',EL,N
t—t—1— Nomogram 4 ‘
AN T
—{—{ For stabilised timebases 1 A}J: .
) Y O TTTTTTT] J‘ o B
EEEEENEREEEN //]/“:J'/l’ 210V |
Lt */ﬁ J:'I/-‘rzoov;g
— AT Tt 190V -
7 ;4:))/’ ﬂ’u/‘r 180V [
150 1/7' ‘/I{:r;"ﬁme*
T T e T T T T oy
il Ea= RN L
! /////,L/’H—‘L/ LI
EEEN I //‘/1 :j;}l‘ ) T T sew
e et
iy 7/ 4P =aBRBE emul I N L e
100 AT s
e
JZeanniiuun: I EEEEN mEm
I R RRRARRRERRAARRRREE
' 11T l I l I |
1 B4 o L I =l
FH HH A
& L 1T Hilu‘. 17 i
b L] This nomogram applies if Vp=200V. ! —{
L4 L {1 L] For other values of Vp,the following ||
should be added to the end of scan | —+—— ~
voltage: Ol (Vp=200V) T ==t
I = 1= .:‘\i.,:,,\.d |
] i
5 O O 0 1 O 0 I |
| ] | | |l 11 |
° FHHHH Hl" i ! J
50 60 70 80
Vg at end of scan (V)
NOMOGRAM
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TRIODE PENTODE

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

HEATER
In 300 mA
Vh 133 \%
CAPACITANCES
Cap—gt <6.0 mpF
Cat—gl <200 mpF
Cgt—gl <20 mpF
Cat-ap <150 m pF
Pentode section
Cin 10 pF
Ca—gl1 <400 mpF
Cgl-h <240 mpF
Triode section
Cin 2.3 pF
Cout 2.5 pF
Ca—g 1.4 pF
Cen <6.0 mpF
CHARACTERISTICS
Pentode section
a 230 \
Vg2 230 \
Vi1 -5.7 \
la 39 mA
lg2 6.5 mA
gm 10.5 mA/V
ra 45 kQ
Hgl-g2 21

-Vg1 max. (lgg = +0.3pA) 1.3 \
Triode section

Va 230 \"
Vg -1.7 \'
la 1.2 mA
gm 1.6 mA/V
n 100

Fa 62 kQ
-Vg1 max. (Igg = +0.3pA) 1.3 \%

h
h O ap
%, OO OO Kpgys
k¢ OO OO 9
Gt at
B9A
DIMENSIONS
Max. overall length 785 mm
Max. seated height 715 mm
Max. diameter 222 mm
LIMITING VALUES
Pentode section
Va(b) max. 550 \%
Va max. 250 \
Pa Max. 9.0 W
Vga(b) max. 550 Y
Vg2 max. 250 \
Pg2 Max. 1.8 W
I max. 55 mA
Rglgk max. 1.0 MQ
Vh-x max. 100 \'%
Rp—x max. 20 k)
Triode section
Va(p) max. 550 \%
Va max. 250 \
pa Max. 500 mW
lx max. 4.0 mA
Rg—x max. 1.0 MQ
Vhfk max. 100 v
1TRu-k max. 20 kQ

tWhen used as a phase inverter im-
mediately preceding the output
stage, Ry max. may be 120k().

OPERATING CONDITIONS AS SINGLE VALVE AMPLIFIER

Pentode section

Va 230 200 \%
V2 230 200 \
Ve -5.7 -4.7 v
Ry 125 115 Q
la M 34 mA
lg2 10.5 9.0 mA
Ra 5.1 5.6 kQ
Pout 4.1 31 w
vin(r.m 8.) 3.6 3.2 \%
Wt ee e e 10 10 %
Vin(r.m.s.) (Paut = 50mW) 300 290 mV

()

[Mullard]|
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PCL86 (.,

OPERATING CONDITIONS FOR TRIODE SECTION AS RESISTANCE
COUPLED A.F. AMPLIFIER
Grid current bias (R; = 10MQ)

TRIODE PENTODE

Zs = 0kQ Zs = 220k{
A — — A
Vl) Ra RgT Iu Vout Vuut(r.m,s.)* Voul Vnm(r.m.s.)**
v) (kQ) (k) (mA) Vin v) Vin 0
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 Dy = 59,.
2 measured with Vin(r.m.s) = 100mV.

in

1Grid resistor of following valve.

**When operating this valve with grid current bias and a high source impedance, the
second harmonic distortion rises to a peak at quite low levels of output (about 10V, 4 5.)
and then falls with increasing drive. The third harmonic then begins to rise, and Dy
finally reaches 59 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 R, = 47kQ, 4.5%, with R, = 100k( and 4%, with Ry, = 220k().

OPERATING NOTES

1. Microphony

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

2. Hum

To obtain the minimum value of hum, the a.c. voltage between pin 4 and triode

cathode should not exceed 30V.
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DOUBLE PENTODE

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

PFL200

[8100) a’ a

9 i i 932 Kiga'\e
HEATER —
In 300 mA i vy
Vi 165 vV e e
F section 1. section
DIMENSIONS B10B
Max. overall length 728 mm The output section (L) is indicated by
Max. seated height 588 mm single primes and the amplifier
Max. diameter 222 mm section (F) by double primes.
CAPACITANCES (unshielded)
Ca'—a” .. - 5 o . <150 mpF
Cgl'—g1” <10 mpF
Ca'—gl” - - <100 mpF
Colr—a® - <5.0 mpF
Cin’ 12 pF
Cout’ 7.0 pF
Ca'-gl’ .. 95 mpF
Cin” 10 pF
Cout” 6.5 pF
Car—gl” .. . 140 mpF
Cgl"-h .. .. .. <150 mpF
CHARACTERISTICS
Output section
Va 170 \
Vez 170 v
la 30 mA
lg2 6.5 mA
Vgl -2.6 \'
gm 21 mA/V
Lg1—g2 32
ra L >40 k2
Amplifier section
a : 50 \
Vg2 75 %
la 50 mA
lg2 1.6 mA
Va1 -0.65 \
gm 6.8 mA/V
Ugl-g2 34
Fa . .. .. .. 110 kQ
DESIGN CENTRE RATINGS
Output section Amplifier section
Va max. 250 \ Va max. 250 \
Vg2 max. 250 \ Vg2 max. 250 \
Pa Max. 5.0 w Pa Max. 1.5 w
Pg2 Max. 2.5 A% pg2 mMax. 0.5 w
Iy max. 60 mA I 15 mA
Rg1-x max. 1.0 MQ Rgi-x max. 1.0 MQ
Vh-x max. 200 \ Vh-x max. 200 \
(.
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PL500

LINE OUTPUT PENTODE

Output pentode primarily intended for use oy a
in the line timebase of television receivers.
HEATER -
Suitable for series operation a.c. or d.c. g \
Ih 300 mA =
Vi 27 \%
k,g3h h B9D
B9D
DESIGN CENTRE RATINGS
Va(n) max. 550 v DIMENSIONS
Va max. 250 v Max. overall length 1042 mm
Va(pk) Max. 7.0 KV Max. seated height 95.5 mm
pa Max. (pga < 4W) 12 W Max. diameter 302 mm
pe mEx; (pgg = EW¥) 8o W CAPACITANCE
Vgan) max. 550 \ i 200 mpF
Vg2 max. 250 \'% RE= ;
pg2 max. (pa < 8W) 5.0 w DYNAMIC CHARACTERISTICS
pg2 max. (pa = 12W) 4.0 \%% Va 75 \%
lic max. 250 mA Vo 200 \
Rgi1-k max. 500 kQ Va1 -10 A%
Rgi-k max. (line timebase la 440 mA
applications) 22 MQ lga 30 mA
OPERATION AS A LINE OUTPUT VALVE
Stabilised circuits (operating above the knee)
Vi 170 200 230 \
*Rge min. 1.2 1.5 2.2 kQ
ey — 2 ) (@ L N
A 130 150 130 150 170 150 170 190 \%
**V, (end of scan) 62 66 69 73 72 76 80 \%
1Vg1 (end of scan) -6 -7 -6 -7 -8 -7 -8 -9 \
ttiamk) 250 310 250 310 360 310 360 420 mA
Non-stabilised circuits (operating below the knee)
Vi e . 190 230 \%
Rge min. .. i 2.2 2.2 kQ
1Vg1 (end of scan) .. +1.0 +1.0 \
ia‘lpk) 230 320 mA

*Minimum values of Rge required to prevent excessive screen-grid dissipation during

the warming-up period.

**Minimum voltage at the end of scan. These values apply at nominal mains voltage. At
mains voltage 109 below nominal, the valve will still operate above the knee.
1The minimum value of Vg; for cut-off during the flyback period is —120V.

11To allow for valve spread and deterioration during life, and a 109 fall in mains voltage,
the given values of iypk) should not be exceeded under the specified conditions at

nominal mains voltage.
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PL500

LINE OUTPUT PENTODE
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PY88 BOOSTER DIODE

Booster diode with a maximum peak inverse 8901 a h ‘?
voltage of 6.6kV, intended for use in trans- c 'k
formerless television receivers with 110 000
deflection angle cathode ray tubes. c o\IC
®) O
IeXo ©J/Ic

HEATER e o

In 300 mA kh h

Vh 30 \%

B9A

LIMITING VALUES

*P.LV. max. 66 kv DIMENSIONS

Fia(pi) Max. 330 mA Max. overall length 89 mm

la(av) max. 220 mA Max. seated height 82 mm
*Vh— e(r.m.s.) Max. 220 v Max. diameter 222 mm

Vh-k(pk) Max.

(cathode positive) 6.6 kV CAPACITANCES
*Maximum pulse duration 229% of a Ca—k 8.6 pF
cycle with a maximum of 18us. Ch—k 2.0 pF
()
[Mullard |
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SECTION 1

625-LINE VALVE TELEVISION RECEIVER
CNUIié6

The CNUI6 is a 625-line television receiver designed for v.h.f. trans-
missions using negative modulation. The significant features of the
receiver are:
(i) High sensitivity through the use of two frame-grid valves (EF183
and EF184) in the i.f. amplifier,
(if) Locked-oscillator f.m. sound demodulator using an EH90 valve,
(iii) Automatic contrast and brightness control with an ORPI2
cadmium sulphide photoconductive cell,
(iv) Fully stabilised deflection, a.g.c., and brightness control circuits
which minimise the effects of mains potential variations,
(v) Dual-mode line flywheel synchronising system,
(vi) Line-gated field pulse separator which improves the h.f. noise
immunity and interlace.

CIRCUIT DESCRIPTION

The complete circuit diagram for the receiver is shown in Fig. I. at the
back of the book.

I.F., Sound and Video Amplifiers

The aerial input is applied to a conventional turret tuner using a PCC88
valve as a cascode r.f. amplifier and a PCF80 as a mixer. The gain of the
cascode stage is controlled by a delayed a.g.c. potential to obtain the best
noise factor with weak signals. The output of the tuner is applied to a
three-stage i.f. amplifier. The input circuit incorporates three trap circuits.
These are for the adjacent sound channel, 40-4Mc/s, the sound channel,
33-4Mc/s, and the adjacent vision channel, 31-9Mc/s. The first valve of the
i.f. stage V3 (Fig. la), is a variable-mu type and its gain is controlled by
the a.g.c. circuit. The output from the video detector feeds an inductive
peaking circuit Lg and a bandpass circuit T4 (Fig. 1d) tuned to 5-5Mc/s ,
which acts as a trap circuit in addition to providing the sound take-off.
The 5-5Mc/s intercarrier sound signal is fed to the sound i.f. amplifier by
a low-impedance link circuit.

The sound signal is amplified by Vg (Fig. 1c) and applied to the first
control grid of V1o which operates as a locked-oscillator detector. The
audio output from the anode circuit of Vo drives the output stage Viig
directly through the volume control. This stage is conventional and employs
10dB of negative feedback.
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The video output amplifier Vga (Fig. 1d) uses anode compensation
and its screen-grid potential is variable (RVsg) to form the contrast
control. The cathode of the picture tube is driven from the anode circuit
of Vga through a parallel RC network, Rgg and Cigo to prevent excessive
beam current being drawn. A photoconductive cell, type ORP12 (operating
as a light-dependent resistor Rg7), is incorporated in this circuit so that

-the picture contrast and brightness is automatically adjusted for changes

in ambient illumination.

Noise Detector and Synchronising Pulse Separator Circuits

The synchronising and a.g.c. valves are prevented from conducting on
noise pulses by applying negative-going pulses to the control grids. The
noise pulses are obtained from a separate noise detector (Fig. 1d)
coupled by a bandpass transformer Ts to the output of the last i.f
transformer. The bandpass transformer has a bandwidth of about 1-5Mc/s
spaced approximately 3-5Mc/s from the vision carrier frequency. The
negative-going output produced at the cathode of the noise detector Vgp
consists of h.f., video and noise pulses only. Since the noise pulses are
derived from the frequency-selective noise detector, no preset controls
are required to set the clipping levels.

The video signal from the anode of the video amplifier Ve is coupled
to the second control grid of Vga (Fig. le) by a conventional double-time-
constant network, Rsg, Rgo , Cs5 and Cs¢. To ensure optimum operating
conditions for the separator valve with different manual contrast control
settings, the potentials for the control grid and the screen grids are taken
from the slider of the contrast control.

Experiments have shown that it is often advantageous to obtain the
field synchronising pulse after the first synchronising pulse separator
stage. Residual noise pulses can be amplified by the second clipper which
tends to neutralise the effects of noise gating. The separated synchronising
pulses are therefore integrated by Res and Css, and applied to a diode
separator circuit. The output from this circuit is used to trigger the field
blocking oscillator directly. The triode V7 (Fig. le) operates as a second
clipper to provide the required drive for the line phase detector, Vgg,
and the diode coincidence detector in the cathode circuit.

An auxiliary direct-synchronisation circuit is automatically switched
into operation whenever the line oscillator synchronisation is lost, as, for
example, when changing channels. Negative-going separated synchronis-
ing pulses are developed across Ry in the cathode circuit of the second
clipper V7 and applied to the coincidence-detector diode together with
the positive flyback pulses through Cg¢s. When the oscillator is correctly
synchronised, these pulses are coincident and the diode conducts, charging
Cge negatively. This negative potential is filtered by Rgs and Cg2 and
then applied to the grid of the gate valve Viia (Fig. 1g). The cathode
of this valve is connected to the cathode of the second clipper V75 . When
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synchronism is lost, the gate valve conducts and amplified synchronising
pulses are developed at its anode. These pulses are applied to the oscillator
via the isolating components C7; and Rg; (Fig. le). As soon as the
oscillator synchronises, the negative d.c. output from the coincidence
detector is developed cutting off the gate valve. and the flywheel circuit
resumes control. The time-constant of Rgg and Cge prevents the circuit
operating on spurious noise inputs.

A.G.C. Circuit

A pentode valve V74 (Fig. 1f) is used in the a.g.c. circuit with the video
signal d.c. coupled to the screen grid, the screen grid acting as a second
control grid. The first control grid is held so that grid current flows
except when negative-going noise pulses cut the valve off, the noise pulses
being derived from the noise detector.

The a.g.c. circuit is operated by a floating d.c. potential obtained by
rectifying the line flyback pulse by the v.d.r., Rys1 (Fig. 1h). The a.g.c.
amplifier V74 operates as a controlled d.c. restorer to the floating potential.
As it is driven harder into conduction by the tips of the synchronising
pulses, the negative d.c. potential developed across the v.d.r. increases.
This d.c. potential is used as the a.g.c. control bias. A d.c. delay potential
is applied to the cathode of the a.g.c. amplifier to prevent it conducting
before the video signal has reached its required amplitude. This bias is
preset by RVsy to allow for component tolerances. The a.g.c. potential
depends on the line timebase to operate the amplifier but is independent
of the synchronisation.

The delay potential applied to the a.g.c. amplifier and the potential of
the brightness control are stabilised by the v.d.r., Rss. This minimises
variations in both brightness and contrast caused by mains potential
variations. When switching off, the v.d.r. also tends to hold the grid
of the picture tube positive and this ensures that the e.h.t. capacitance is
rapidly discharged, thus preventing burning of the screen.

Line Timebase

A stabilising tuned circuit is connected in series with one of the coupling
capacitors of the multivibrator. This method of connection allows a
large-amplitude sine wave to be developed at the grid of Vi2p (Fig. 1g)
and at the same time the tuned circuit is not damped since Vi2p is cut off
when Vi24 is conducting. The frequency stability of this circuit is therefore
very good, a -+ 109, mains variation causing only a -+ 10c¢/s change in the
free-running frequency.

The output from Vi2p anode drives the line output valve Vi4 (Fig. 1h).
A pulse from the output transformer primary winding is rectified by a
v.d.r. Ry3o and the negative d.c. potential is used to control the conduction
of the output valve. A preset resistor, RVi10, is used to set the boost
potential to allow for component tolerances.
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Field osc Line ly
HT supply pulse
(W Fig li {@Fig lo)

Line deflection

EHT to crt
final anode

E2982Z/06 E2982Z/06

| L
|

Fig. Th—LINE OUTPUT CIRCUIT

Field Timebase

A conventional field timebase (Fig. 1i) is used in which a cathode-coupled
blocking oscillator produces the positive-going sawtooth drive for the
output pentode, and voltage feedback is used for linearity correction.
Variations in mains supply potential normally cause variations in the
amplitude of the drive waveform and also vary the available peak current
from the output valve through the variation of the screen-grid potential.
The required drive to the output valve is substantially constant, however,
since the cathode bias tends to stabilise the working point of the valve.
Provided the output stage has been designed to operate from the minimum
h.t. potential, the picture height is substantially independent of mains
supply potential if the sawtooth drive has a constant amplitude. This may
be achieved simply by operating the oscillator from the stabilised boost
potential. A further stage of stabilisation is provided by the v.d.r., Rgs.
Temperature compensation is provided by the thermistor Rjos.
Power Supply

A silicon rectifier BY 100 (Fig. 1j) is used for the power supply with a shunt
capacitor Cy; to protect the rectifier from impulsive disturbances in the
mains. The smoothing choke, Lig, is wound in two sections. For a.c.
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operation the two sections are in series and for d.c. operation they are
connected in parallel. The individual smoothing for various circuits in
the receiver is provided to give low visible hum and adequate decoupling.
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SECTION 2

625-LINE HYBRID TELEVISION RECEIVER
CHAI9

Transistors are becoming available in quantities and with a performance
that makes their use in television receivers an attractive proposition.
The high-power stages in a television receiver, however, require types
that, at present, are not in this category. With r.f. and i.f. transistors,
amplifiers can be designed having a performance similar to or better
than that of their valve counterparts, while with u.h.f. transistors, ampli-
fiers with a performance markedly superior to that of their valve counter-
parts can be designed. Thus, a hybrid receiver employing transistors
for the small-signal amplifiers and valves for the power circuits is a practical
proposition.

One of the problems of a hybrid television circuit is that of obtaining
an economical power supply for the transistors. This may affect the
number of transistors employed and preclude using transistors for
certain stages because of excessive current consumption. In the sound
channel, for example, transistors may be used for the i.f. and audio
stages, but a transistor sound output stage will require a large current
which may increase the cost of the transistor power supply.

The hybrid television receiver CHA19 described in this section is
designed for v.h.f. operation with 625-line standard and negative modula-
tion. Other features of the receiver are:

(a) Synchronising tip a.g.c. is employed so that the full d.c. component
of the video signal is retained.

(b) Noise protection of the synchronising pulse separator and a.g.c.
amplifier is provided by a frequency-selective noise-gated circuit.

(¢) Automatic synchronisation of both line and field timebases is
employed and no customer-operated hold controls are necessary.

(d) A high-level contrast control is employed so that the input to the
synchronising pulse separator is held constant at all contrast
settings.

The receiver is in part similar to that described in the Mullard Dual-
standard Hybrid Television Receiver booklet published in May 1963.
The transition from transistor to valve circuits is carried out at the video
and sound detectors respectively so that all the low-level signal amplifying
stages are transistorised and valves are only retained for the video and
audio amplifiers, the synchronising pulse separator and the timebase
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circuits. The vertical synchronising circuit, is, however, transistorised.
The complete circuit diagram for the receiver is given at the back of the
book.

When valve and transistor circuits for a television receiver are considered,
it will be apparent that transistors in uncontrolled stages, that is, constant
current stages, can be operated directly from a 220V supply with a high
value of emitter resistor. However, when there are large changes in the
transistor operating currents, a low-impedance, low-voltage supply for
the controlled transistors is essential. Receiver CHA 19 operates from 220V
a.c. supply only and the valve complement is such that no heater dropper
is necessary. A series diode reduces the power in the heater chain and the
d.c. component of the heater current is employed to drive the transistor
circuits. A major advantage of this circuit technique is that the total power
dissipated in the receiver is considerably reduced.

Fig. 2a—V.H.F. TUNER
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CIRCUIT DESCRIPTION
The complete circuit diagram is shown in Fig. 2 at the back of the book.

V.H.F. Tuner

The r.f. amplifier (Fig. 2a) employs an AFI180 in the common-emitter
configuration with the a.g.c. potential applied to its base. The emitter
is connected via a high-value resistor Rgg to the 220V h.t. line. When
the a.g.c. potential drives the base of the transistor negative, the emitter
potential follows the base potential and there is no appreciable increase
of transistor current. When the a.g.c. potential reaches approximately
—2-6V, the diode D; conducts and clamps the emitter to —2-6V (potential
Es). Any further increase of a.g.c. potential increases the r.f. transistor
current, thus reducing its gain by forward a.g.c. action.

An AF178 is used as the oscillator. The outputs from the r.f. amplifier
and the oscillator are applied to the emitter of the mixer transistor TRy
(AF178) connected in the common-base configuration. The i.f. output is
taken from the collector circuit to the i.f. amplifier. Incorporated in the
coupling circuit between the tuner and the i.f. amplifier are trap circuits
tuned to 40-4Mc/s (adjacent sound), 31-9Mc/s (adjacent vision), and
33-4Mc/s (sound).

Vision I.F. Amplifier

The vision i.f. amplifier (Fig. 2b) employs an AF179 and two AFI18I.
The first i.f. transistor TRy is gain-controlled by a negative-going a.g.c.
potential applied to its base. As the signal level increases, the current in
this transistor is increased and the gain falls by forward a.g.c. action.
Excessive transistor dissipation is prevented by resistors Ri5, Ris and
Ri7 . Fixed neutralisation is used in each i.f. stage.

The video output signal is developed across a 2-7k€2 load resistor, Rs7,
and applied to the video amplifier valve. A bandpass circuit tuned to
38:9Mc/s is loosely coupled to the collector of the output transistor.
This circuit drives the noise detector, and negative gated noise pulses are
produced and applied to the noise amplifier TRg (OC44). The amplified
output pulses are applied as gating signals to the synchronising pulse
separator and a.g.c. valves.

Video Amplifier and A.G.C. Circuit
The video amplifier (Fig. 2c) is the video pentode of the PFL200, the h.f.
pentode of which is used as the a.g.c. gate. The video signal from the
anode of the amplifier is applied to the cathode of the picture tube via a
high-level contrast control. The low-potential end of this control is con-
nected to a d.c. potential equal to the black level of the video signal.
Hence variation of picture contrast does not significantly vary the black
level of the displayed picture.

The a.g.c. amplifier is driven at its cathode by the negative-going video
signal developed at the cathode of the video amplifier valve. Negative-
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going interference or noise pulses are applied to the control grid to
prevent the valve being driven into conduction by them. The a.g.c.
current is independent of the line timebase synchronisation. A pulse of
about 85V amplitude is obtained from the separate winding on the line
output transformer and rectified by the diode Dg to produce a ‘floating’
d.c. potential. As the a.g.c. amplifier is driven harder into conduction
by the video signal, the mean anode potential goes negative. This potential
is applied to the a.g.c. amplifier TR . This transistor functions as an
emitter follower and provides an impedance match between the relatively
high-impedance valve circuit and the low-impedance controlled transistors.
The rate of control of the i.f. amplifier is determined largely by the emitter
resistance Ryg in the emitter circuit of the first i.f. transistor. To reduce
the rate of control of the r.f. amplifier d.c. feedback is taken from its

collector circuit and applied to the base of the a.g.c. amplifier transistor
TRg .

Sound Amplifier
The 5-5Mc/s intercarrier sound signal is taken from the anode circuit
of the video amplifier (Fig. 2d) and applied via a bandpass coupling to the
base circuit of the sound i.f. amplifier TRy (AF116). This transistor
functions as a limiting amplifier and drives a conventional ratio detector.
The audio signal is applied, through the 50us de-emphasis network, to
the volume control. A conventional audio amplifier circuit is used, em-
ploying 10dB of feedback.

The audio output stage operates from the unsmoothed h.t. with a hum-
cancelling winding on the primary of the output transformer.

Synchronising Circuits

A triode heptode type PCH200 (Fig. 2e) is used as a synchronising pulse
separator and second clipper stage. The heptode is noise-gated at its
first control grid. This valve has a triode section with a separate cathode.
The triode control grid can therefore be directly coupled to the anode of
the heptode. The vertical synchronising pulse is developed across a
parallel RC network in the triode cathode circuit, and the line synchronis-
ing pulse across a critically damped tuned circuit in the triode anode
circuit.

Field Timebase

The vertical timebase employs a PCLS85 in a conventional self-oscillating
circuit (Fig. 2f), the flyback pulse at the anode of the pentode section being
applied by a shaping network to the control grid of the triode section.
Synchronisation of the oscillator is effected by converting the synchronis-
ing pulse into a sawtooth waveform, the synchronising sawtooth being
applied to the cathode of the oscillator valve. In this way the conflicting
requirements of the synchronising and feedback circuits are separated.
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Fig. 22—SYNCHRONISING PULSE SEPARATOR

During the scanning period the charge capacitance, formed by the series
connected capacitors Cyo3 and Cyoa , charges positively. The upper capa-
citor Cyo3 is discharged by the valve when it is triggered by the flyback
pulse and the lower capacitor Cyg4 is discharged by the transistor when it
is triggered by the negative-going synchronising pulse. Because of the
sawtooth shape of the synchronising waveform the timebase synchronises
on the fast retrace produced by the synchronising pulse. The exact instant
of synchronisation, however, occurs when the negative-going synchronising
sawtooth passes the conduction point of the valve. Because of the shape
of the synchronising waveform, the oscillator frequency may be fast or
slow with respect to the synchronising frequency. Since the free-running
frequency is substantially the same as its synchronised frequency the
momentary absence of a synchronising pulse does not disturb the oscillator
frequency and picture ‘rolling’ is minimised. The locking range of the cir-
cuit is sufficiently large (some -+ 10c¢/s) to enable the normal customer-
operated hold control to be dispensed with.
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Initial Frequency Adjustment
To adjust the free-running frequency the vertical synchronising pulse must
be suppressed without disturbing the normal d.c. potential of the vertical
synchronising circuit. This may be achieved either by decoupling the
anode of the heptode V3 to earth with a large capacitor (220nF) or by
joining together the collector and emitter of the vertical synchronising
transistor TRy . The free-running frequency can then be adjusted to its
correct value by varying Rgo .
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Line Timebase

The synchronising pulse developed in the anode circuit of the second
clipper valve is used as the reference waveform for the self-locking fly-
wheel circuit. Push-pull gating pulses from the line output transformer are
applied to the diodes (Fig. 2g), causing them to conduct. The d.c. output
is used after filtering to control the frequency of the sine-wave oscillator.
When the timebase is not in synchronism, the phase detector operates
as a frequency discriminator giving a d.c. output proportional to the
frequency difference. This circuit has a wide locking range (about 4-700c/s)
together with good noise immunity, and no customer-operated frequency
control is required. The line output stage is a conventional above-the-knee
circuit employing v.d.r. stabilisation.

Initial Frequency Adjustment

The initial adjustment of the line oscillator and the balancing of the phase
detector has to be carried out in two parts. The first part is to short-circuit
the control grid of the reactance triode of Vs to earth and then adjust the
line frequency to its correct value by varying the choke L;s . Secondly, the
short-circuit has to be removed from the control grid and a short-circuit
introduced between the junction of the phase detector diodes Dg and Dy
and earth. The line frequency can then be readjusted to its correct value by
varying the balancing control Ryps.

Power Supply

A conventional half-wave rectifier and RC smoothing are employed for
the required +220V h.t. supply for the valve circuits (Fig. 2h). A diode
is connected in series with the heater chain to modify the heater waveform
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to a half sine-wave. With an r.m.s. current equal to 300mA, the d.c.
component is 190mA. The transistor circuits are connected in series with
the low-potential end of the heater chain. The a.c. component is bypassed
by the capacitor Cigs. The d.c. component is filtered by Lagp and Cisg ,
and applied to the transistor circuits. Because of the necessity of providing
a 2-6V delay potential the transistor circuits operate between potentials
of —15V and —2-6V. The total transistor circuit current is increased to
190mA by employing low-resistance networks for the base divider chains
in the transistor stages. In this way the total current is distributed over
several networks and an individual component failure will not result in
an excessive rise in the transistor supply potential.
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SECTION 3

F.M./A.M. BATTERY-OPERATED
RADIO RECEIVER

The circuit diagram for a battery-operated f.m./a.m. receiver is shown
in Fig. 3. Provision is made for reception of f.m. transmissions and
transmissions in the long and medium waveband. Switching between f.m.
and a.m. operation has been reduced to a minimum.

For f.m. operation, a tuner, i.f. amplifier and a conventional asym-
metrical discriminator are used. For a.m. operation, the tuner transistors,
typss AF102 and AF115, are inoperative. The first AF116, which functions
as the first i.f. amplifier during f.m. reception, operates as a self-oscillating
mixer for a.m. reception. The second and third AF116 provide two stages
of i.f. amplification during a.m. reception. To minimise switching, the f.m.
and a.m. i.f. transformers are connected in series.

CIRCUIT DESCRIPTION
R.F. Stage

At frequencies in the region of 100Mc/s, the internal feedback in a
transistor tends to become negative for a common-emitter configuration,
but positive for a common-base configuration. This causes the gain with
the common-base connection to be slightly greater than that obtainable
with the common-emitter connection. The common-base configuration
is therefore used, but the circuit is designed so that the stage remains
stable under all operating conditions, including when the aerial is dis-
connected, the stability factor for a nominal AF102 being approximately
2-5.

The noise factor of the AF102 at 100Mc/s reaches a minimum when
the emitter current is 1-4mA. For optimum noise and gain performance
at this value of current, the source conductance should be inductive,
and with the circuit of Fig. 3, it is almost optimum over the entire
frequency band.

The source admittance is obtained by means of the input transformer
which couples the 75Q aerial to the transistor input terminals. This
transformer is designed so that the insertion loss is very low. Maximum
gain and signal-to-noise ratio are thus obtainable and fixed tuning can
be used.

The bandwidth of the inter-stage circuit is 1Mc/s, and the total output
conductance of the r.f. stage is made up of the output conductance,
—23umbho, of the AF102, the input conductance, 100pmho, of the mixer
stage and the conductance, 80p.mho, of the collector circuit coil.
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F.M. Mixer Stage

The collector of the r.f. stage is coupled to the emitter of the mixer stage
by a 2-2pF capacitor which provides an impedance match between the
low output conductance of the r.f. stage and the high input conductance
of the mixer. The coil in the emitter circuit of the mixer transistor provides
a d.c. path for the emitter current, and forms with the 270pF bypass
capacitor a series resonant circuit at 10-7Mc/s. This circuit acts as an i.f.
trap at 10-7Mc/s and also prevents feedback at the intermediate frequency
from the collector.
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At frequencies of about 100Mc/s, the transistor output current lags
behind the input current by approximately 90 degrees. In the oscillator
circuit used in Fig. 3, this phase lag is corrected by the 10pF feedback
capacitor connected between the tuned circuit and the transistor emitter.
No further phase compensation is required, and the frequency of oscilla-
tion is the same as the resonant frequency of the tuned circuit.

At this resonant frequency, small errors in the phase are corrected by
the tuned circuit with a minimum amount of frequency deviation, so
giving the best possible frequency stability. Also the frequency stability
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is improved by connecting, by way of a 68pF coupling capacitor, the
collector of the transistor to a tap on the oscillator coil. This minimises
the effect on the resonant frequency of the circuit of changes in transistor
capacitance resulting from changes in operating conditions.

Oscillator frequency drift results from changes in supply voltage. This
drift is produced by the variations of both the emitter current and the
collector voltage. Greater drift is produced if either the emitter current
or the collector voltage is varied while the other quantity is held constant.
The rate of change of drift with line voltage can therefore be altered by
varying the current for which the oscillator is designed. The value of
[-7mA gives the minimum rate of change with a number of AF115. For
a reduction in oscillator supply voltage from —7 to —4V, the drift is
70kc/s with a typical AF115.

In addition to the frequency drift caused by variation in the supply
voltage, the frequency of oscillation can also be influenced by large input
signals. With input signals in excess of 0-5mV at the aerial terminals, the
magnitude of the r.f. signal reaching the mixer is sufficient to affect the
operating condition of the transistor, so that any variation in the amplitude
of the incoming signal would produce frequency modulation of the signal
applied to the i.f. amplifier. This effect is considerably reduced by including
a limiting diode in the collector circuit which limits the 10-7Mc/s com-
ponent at the mixer collector. An additional limiting diode is connected
to the collector of the r.f. stage. With these diodes, the frequency drift
for 10mV aerial terminal voltage is reduced from 180kc/s to 15kc/s.
With a 50mV input signal, the frequency drift is 30kc/s. In addition the
a.m./f.m. suppression at these levels is considerably improved.

The oscillator drive voltage at the emitter of the AF115 is approximately
200mV over the band. This value is optimum for conversion gain. The
oscillator continues to work when the line voltage is reduced from —7 to
—4V. Oscillator radiation voltage is about 300p.V across a 75¢) load at
the aerial terminal.

A.M. Mixer Stage
The a.m. mixer stage operates at an emitter current of ImA and is fed
from an aerial source impedance of 600¢2 at IMc/s in the medium wave-
band and 1kQ at 200kc/s in the long waveband. The oscillator coil is
designed so that oscillation is still maintained when the line voltage has
fallen to 50 9, of its nominal value, except at the low-frequency end of the
long waveband, where the figure is 609,. At the same time, an adequate
margin of safety against squegging is obtained. This can be verified by
ensuring that, at all frequencies, the emitter bypass capacitance can be
increased to at least twice its nominal value before squegging occurs.
Since the output resistance of an AF116 transistor at a frequency of
470kc/s is very high, a high-impedance i.f. transformer can be used with
advantage for maximum gain. However, it is found that with mixer
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collector loads in excess of 6k{2, instability can occur when the receiver
is tuned to the second or third harmonics of the intermediate frequency
and large signals or interference pulses are applied which drive the mixer
transistor into bottoming. To prevent the collector of the mixer transistor
from bottoming, in this design the a.g.c. diode is used.

F.M. LF. Amplifier

The f.m. i.f. amplifier uses three conventional common-emitter stages,
and double-tuned transformers are used to obtain the best compromise
between the flatness of the response curve in the pass band and the adjacent
channel selectivity. The overall bandwidth required in the i.f. amplifier
is +100kc/s at —3dB and +300kc/s at —40dB. This can be achieved by
using three critically coupled double-tuned transformers each having a
bandwidth of 4 100kc/s at —1dB. To obtain this bandwidth at 10-7Mc/s,
each coil requires a working Q-factor of 52.

It is considered that the improvement in gain arising from full or
partial neutralisation is insufficient to warrant the extra complexity of the
circuit. The gain obtainable without neutralisation is 20-75dB. This value
assumes that there is no leakage inductance associated with the i.f. trans-
formers. In practice, however, a leakage reactance of about 4€) referred
to the secondary tap must be expected, and to allow for the effect of this
on the amplifier stability, the stages are designed for a gain of 20dB.
To achieve this gain and the required working Q-factor of 52, an undamped
coil Q-factor of 68-4 is required with a tuning capacitor of 180pF. This
value of capacitance applies to the primaries of the transformers. A
similar value could be used on the secondaries, but to minimise leakage
inductance, the value on the secondary is increased to 470pF and the
secondary tapping point is adjusted to obtain a ratio of 6:46 : | for the
total primary turns to the secondary tap.

In addition to the use of a large value of secondary tuning capacitance
to reduce leakage inductance, the coil-connecting leads should be kept
as short as possible. It follows that since this precaution is necessary in
the construction of the transformers, similar precautions will be necessary
in the layout of the circuit.

The above considerations apply to the second and third if. trans-
formers, which operate between similar transistors. The primary of the
first i.f. transformer, however, is fed from the mixer stage, and stability
conditions are less severe at 10-7Mc/s in this stage. It is possible therefore
to raise the impedance of the first i.f. transformer primary and to obtain a
better power match to the mixer output resistance, thus obtaining greater
gain. This is achieved by increasing the undamped Q-factor of the coil to
90 and reducing the tuning capacitance to 68pF. The operating Q-factor
of the transformer, and therefore also its bandwidth, is the same as for
the remaining coils.
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A.M. LF. Amplifier
The design of the a.m. i.f. amplifier follows the conventional one of
using two transistors in the common-emitter configuration. As the
feedback capacitance in the transistors is small, neutralisation is not
required. Two double-tuned transformers and one single-tuned trans-
former provide the necessary bandwidth and adjacent channel selectivity.
The transformer impedances are chosen so that they are low compared
with the input and output resistances of the transistor. This arrangement
is made possible by the high intrinsic gain of the AF116, and it leads to a
close control of performance from one amplifier to another.

The single-tuned transformer is placed in the collector circuit of the
last i.f. transistor, where it is used to supply the power to the detector
needed to operate the a.g.c. system.

Combination of A.M. and F.M. LF. Stages

In combining the 470kc/s and 10-7Mc/s stages inductive tapping is used
for the a.m. and f.m. transformers to allow optimum design at 470kc/s.
Inductive tapping at 10-7Mc/s has the disadvantage, however, that the
phase advance associated with the unavoidable leakage inductance adds
to the phase lag associated with the forward and reverse transfer admit-
tances of the transistor and detracts from the stability of the stage. A
leakage inductance of 4(Q) referred to the secondary tap can be tolerated
if the stage gain is reduced by approximately 0-75dB. The gain then
becomes 20dB per stage, which is acceptable.

Freedom of design between the f.m. and a.m. circuits is maintained
since independent bypass capacitors are used for both circuits. The value
of the bypass capacitor at the bottom of the f.m. input coil is made large
enough for f.m. operation but is small enough to make only a small
contribution to the tuning of the a.m. transformer. A much larger value,
such as O-1pF, can be used for the a.m. bypass capacitor. A similar
arrangement is used in the collector circuit. The circuit has the advantage
of placing no limitation on the degree of d.c. stabilisation that can be
employed and it permits standardisation of coil design with a.m.-only
receivers, which normally also use inductive tapping.

The above reasoning only applies to the second and third f.m. trans-
formers which are used in conjunction with the 470kc/s transformers.
The first f.m. i.f. transformer, which is connected to the mixer stage,
may be either inductively or capacitively tapped. It is advantageous to
use a capacitive tap since stray inductance introduced by switching
already exists, and further leakage inductance is undesirable.

A.M. Detector and A.G.C. Circuit

The a.m. detector has the normal load resistance of Sk(. This allows a
reasonable a.c./d.c. load ratio for the detector and provides sufficient
power for the automatic gain control applied to the first i.f. amplifier.
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The damping diode across the primary of the first i.f. transformer is
forward-biased when the current in the controlled i.f. stage is reduced
to a low value by the a.g.c. action. In the absence of strong signals, this
damping diode is reverse-biased and has a negligible effect on performance.

Ratio Detector

The primary circuit of the ratio detector is designed to give a suitable
collector load impedance for the last i.f. transistor. A balancing circuit is
included to permit precise balance of the diode characteristics. A sample
of the direct voltage across the load is fed back through the 100k resistor
to bias the diodes with a voltage proportional to the signal amplitude.
After alignment of the i.f. amplifier, the ratio-detector secondary is tuned
for the best ratio-detector curve at a low signal level, and then the
balancing control is adjusted to give equal positive and negative excursions
of the curve at high signal levels. The r.f. bypass capacitor (330pF) of
the tertiary winding may then require adjusting to remove overall curvature
on the straight part of the curve, as this value of capacitance is dependent
on the mechanical construction used. Similarly, the value of the resistor
between the tertiary winding and the r.f. bypass capacitor should be
adjusted for best linearity and a.m. rejection once the layout has been
finalised.

Audio Amplifier

The requirements for the audio amplifier in a transistor portable f.m./a.m.
receiver are similar to those for a.m.-only receivers. Class B operation is
still required in the interests of battery economy. Some improvements in
the distortion and frequency response are desirable, however. These can
be obtained by slightly increasing the standing current in the push-pull
output stage to reduce cross-over distortion, and by using more negative
feedback. In this design, a S00mW output stage is used as this is considered
to be optimum for a portable receiver.

Since a three-stage amplifier is used, it is necessary to give some con-
sideration to the noise performance of the pre-amplifier stage. A low
operating current is required for low noise, and as the signal levels in this
pre-amplifier are relatively small, a current of 0:25mA is adequate.
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SECTION 1

TEN-WATT VALVE HIGH-QUALITY
STEREOPHONIC AMPLIFIER

This section describes a seven-valve, high-quality amplifier which uses
one EF86 and two ECL86 in each channel and produces a maximum
audio output of 10W from each channel. The distortion is very low
(typically 0-29 at full output), and good hum and noise performance is
ensured by the use of the EF86 in the first stage.

The overall negative feedback at 1kc/s is approximately 20dB. Particular
care has been taken to ensure that at least 17dB is effective over the full
audio range of 30c/s to 20kc/s.

CIRCUIT DESCRIPTION

The circuit diagram of the amplifier is given in Fig. 4. Only one channel
is shown: except for the loudspeaker phase-reversal switch, the other
channel is identical. The circuit is conventional and only the salient
features will be discussed in detail.

The phase characteristic of the amplifier is an important consideration
in the application of negative feedback. As the frequency response and
the gain of each stage are related, the phase characteristic depends on
the choice of individual stage gains. With the correct choice of stage
gains, complicated feedback networks are avoided, and a good margin
of stability is achieved.

Input Stage

The input stage uses one EF86 and has a voltage gain of approximately
120 times. The stage is capacitively coupled to the phase splitter.

Phase Splitter

The phase splitter uses the triode sections of two ECL86 in a long-tailed
pair. Fixed bias to the grids is provided by a potential divider across the
h.t. supply. The voltage gain is approximately 24 times between the
input of the stage and the control grid of each pentode section.

The long-tailed pair is chosen because of its low distortion (less than
1%, mainly third harmonic, at 7V output) and its excellent amplitude
and phase-balance characteristics. However, the residual unbalance with
the nominal values of resistance in Fig. 4 is about 29, and this and the
spread in values of the high-stability anode resistors (2%, tolerance) will
make a contribution to the distortion of the complete amplifier.
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Output Stage
The push-pull output stage of Fig. 4 uses the pentode sections of the
two ECL86 operating under class AB conditions with distributed loading.

The output transformer should be of the construction normally used in
high-quality amplifiers. In particular it should be free from any pro-
nounced resonances. The turns ratio should be such that the anode-to-
anode load is 9k after allowing for the winding resistances.

Negative Feedback
Negative feedback of about 20dB is taken from the secondary winding
of the output transformer to the cathode circuit of the input stage.

Low-frequency Stability

Coupling time-constants and screen-grid and cathode bypass time-
constants which are considerably greater than the transformer time-
constant ensure low-frequency stability. The loop phase shift when the
L.f. loop gain is unity is 300 degrees.
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HIGH-QUALITY STEREOPHONIC AMPLIFIER

The frequency response curve of the amplifier with feedback is flat to
within +3dB between 4c/s and 60kc/s. A hump of 1dB occurs at 12c/s
and will increase if the value of any of the coupling or bypass capacitors
is decreased, or if the value of transformer primary inductance is increased.
A large change in any of these values will produce instability.

High-frequency Stability

A phase-advance network in the feedback loop ensures high-frequency
stability. This amplifier has a good margin of stability. The phase change
when the h.f. loop gain is unity is about 35 degrees, and the loop gain
at zero phase change is —17dB. The stability is much better with normal
loudspeaker loads. A capacitance of 0-5u.F can be placed across a 15
resistive load without causing instability. The capacitance required to
cause instability with normal loudspeaker loads would be smaller because
of speaker resonances.
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The high-frequency stability of the amplifier will require reappraisal if
an output transformer having a resonance frequency lower than about
110ke/s is used.

Controls

The circuit for the tone, volume and balance controls can be seen from
Fig. 4. The network for the other channel is the same except that the
balance-control potentiometer should obey a reverse-logarithmic law.

Simple passive tone-control networks are used, and the design is
straightforward. The ranges of control relative to the response at lkc/s
are:

Bass: (12 to —12dB at 30¢/s
Treble: 4 12-5to —12dB at 15kc/s

Dual-ganged, 109, log-law potentiometers are commonly used in
tone-control circuits. The tolerance on the angular position corresponding
to 109, resistance is wide with these potentiometers, and this results in
a similar tolerance on the location of the ‘flat-response’ position of the
tone controls. Closer angular tolerance on the 109, resistance value can
be obtained if 5%, log-law potentiometers are used.

Either 5% or 29 log-law and reverse-log-law ganged potentiometers
can also be used for the balance control. These cause a lower loss in
the central position than the 109 log-law and reverse-log-law potentio-
meters.

Switched Tone Controls

Because of the coarseness of matching (209;,) of ganged potentiometers,
the tone-control characteristics of the two channels may not be identical,
but identical responses can be obtained if switched controls rather than
the continuously variable controls are used. Resistor values are given in
Fig. S for switched tone controls; the resistances have been chosen to give
equal increments (in dB) of boost and cut.

Power Supply

The valve complement of the amplifier is two EF86, four ECL86 and
a rectifier valve. The h.t. supply requirement, and therefore the choice of
rectifier, depends on whether the output stage is designed for full-
dissipation operation (full power with sine-wave drive) or for low-
dissipation operation (speech or music signals only).

The h.t. line voltage should be such that the quiescent anode-to-cathode
voltage for the pentode sections of the ECL86 is 300V. Care should be
taken to ensure that the maximum anode voltage rating of the valve
{300V) is not exceeded.

A value of limiting resistance Riimmin) is required at each anode of
the rectifier, and unless this value is provided by the winding resistances
of the mains transformer, some value of resistance Ryqq must be included
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in each anode circuit of the rectifier. The value of Raqq is given by the
standard equation:

Rlim(min) R anp +Rada »
where Ry is the resistance of half the secondary winding of the mains
transformer, Ry is the resistance of the primary winding and n is the
ratio of half the number of turns on the secondary winding to the whole
number of turns on the primary winding.

Full-dissipation Operation

The cathode resistance required for the pentode section of each ECL86
is 300€2. The quiescent current drain of the amplifier is 140mA, and the
current drain with full drive is 160mA. Reference to the rating chart of
the EZ81 published in the Mullard Technical Handbook shows that a
current drain of 160mA at 300V is excessive for operation with a capacitive
input filter. The EZ81 is therefore unsuitable as the rectifier and the GZ34
is thus the recommended rectifier. The required value of Ryimmin) i8S
50€Q2 per anode.
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The heater supply requirements for an amplitier using a GZ34 rectifier
are:
6-3V, centre-tapped, 3-2A
5-0V, 2A
If an indicator lamp is included in the amplifier, the current require-
ment at 6:3V becomes 3-:35A.

Low-dissipation Operation—Speech or Music Signals Only
The cathode resistance required for the pentode section of each ECL86
is 470€2. The quiescent current drain of the amplifier is 105mA, and the
current drain at full drive (music) is 120mA. Thus for speech or music
operation only, the EZ81 can be used, provided that current is not
required for ancillary equipment. The required value of Rjimmin) for the
EZ81 is 190Q. Whether the GZ34 or the EZS81 is used, the line voltage
must be adjusted so that the quiescent anode-to-cathode voltage of the
pentode sections is 300V. The heater supply requirements for an amplifier
using the EZ81 rectifier are:

6-3V, centre-tapped, 3-2A (plus optional 0-15A)

6-3V, 1A

Earthing

Care in the routing of earth returns and in the wiring layout is necessary
to attain a low level of hum and also to minimise second harmonic
distortion resulting from common-impedance coupling. For instance, at
full sine-wave output, the peak current in each output pentode section
is about 120mA, the peak from each valve occurring once in every cycle
of the input signal. These pulses of current combine in the common h.t.
and earth lines to form a steady current with a ripple content which has
twice the frequency of the input signal and a peak-to-peak amplitude of
82mA. If any voltage produced by either the current in one output pentode
section or the current in the common line is injected into the input circuits,
it will produce an output at even multiples (mainly twice) of the input
frequency. This, of course, is experienced as distortion. The voltage
developed across a resistance of only 0-01€2 in the common earth return
will, if fed back to the input, result in approximately 109 second-
harmonic distortion (in the absence of negative feedback).

The earth returns of each stage are grouped together, the h.t. supply
decoupling capacitors being included with the appropriate stage. The
input stage is connected to the chassis at the input socket. The phase
splitter and output stage returns are taken to the reservoir capacitor,
which is also connected to the chassis at the input socket.

Magnetic fields caused by the flow of the output-stage current in wiring
loops can also induce voltages in the input circuit and can thus cause
second-harmonic distortion. The layout of the wiring and the location of
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the cathode bypass capacitors should be arranged so that magnetic
coupling with the input circuit is avoided.

PERFORMANCE
The sensitivity of each channel in the basic amplifier for an output power
of 10W is 2-:3mV without feedback and 23mV with feedback. The sensi-
tivity of the complete amplifier, including tone controls, is 250V.
At 50mW output with feedback, the response is flat to within 4 3dB
from 4c/s to 60kc/s; at 10W output, it is flat from 12¢/s to 50kc/s.
The small amount of ringing on the pulse waveform is attributable to
the very short rise time of the edges of the pulses. No ringing occurs on
pulses with rise times longer than 5ps, and since those of transients
present in music are considerably longer than this, the response of the
amplifier is more than adequate for music reproduction.

Harmonic Distortion

The values of distortion of the amplifier are slightly higher than would be
expected from the output stage alone because of the distortion and
unbalance introduced by the phase splitter. Since the distortion in the
phase splitter can either add to or subtract from the distortion in the
output stage, the distortion was measured again with the ECL86 inter-
changed. The total harmonic distortion is likely to vary from amplifier
to amplifier but should not exceed 0-49, at 10W. A typical value of total
distortion is 0-29, at IOW.

Output Impedance

The output impedance of the amplifier measured at the 15 terminals
for an output of IW at lkc/s is 1-4€Q. This low value is maintained over
a frequency range of 30c/s to 15kc/s.

Hum and Noise

The combined hum and noise level in the amplifier with the input short-
circuited at the control grid of the EF86 is typically 75dB below 10W
for the audio bandwidth of 20c/s to 20kc/s. The hum and noise with a
470kQ resistor connected across the input is —65dB.

With the input short-circuited, the level of hum alone is typically

-76dB. Most of this derives from ripple on the h.t. line. The contribution
of hum from a.c. heating in the EF86 is —86dB and is negligible. The
change in the hum level when a 470k resistor is connected across the
input is also negligible.

The level of noise with the input short-circuited is —80dB. With a
470kQQ resistor connected across the input, the level rises to the predictable
value of —66dB. This figure is determined entirely by the Johnson noise
in the 470k() resistor; the contribution of the EF86 is negligible in
comparison.
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SECTION 5

TEN-WATT TRANSISTOR HIGH-QUALITY
AMPLIFIER

Part 1—10W Class AB Amplifier

INTRODUCTION

Eight transistors are used in the power amplifier illustrated in Fig. 6.
The Mullard OC71 and OCS81 form a two-transistor input stage. Two
AF118 comprise the phase splitter which feeds two OC81Z driver tran-
sistors and two AD140 power transistors in a push-pull output stage. The
‘r-mode’ of class AB operation is used in the output stage. This differs
from normal class AB operation in that the total current in the stage
remains constant with varying levels of drive.

The rated output of the amplifier into a 15Q load is 10W at 0-06 %,
total harmonic distortion. The sensitivity for this output is 140p.A r.m.s.
The performance of the amplifier compares favourably with that of
established Mullard valve amplifiers such as the ‘Five-Ten’ and ECL86
ten-watt circuits.

w-mode Class AB Operation

The class AB amplifier shown in Fig. 6 operates in the ‘m-mode’, which
differs from the normal class AB mode in that the total current remains
constant with drive. Increasing the level of drive will cause the operating
point of the transistors to change first from class A to class AB and then
to class B. Up to 409, of full power, the transistors operate in class A
push-pull, but as the drive is increased further the operating conditions
change and the transistors work in class AB until, at full power, the
conditions are such that the transistors operate in class B mode. (The
‘7’ itself is obtained from the relationship ipx = =l between peak and
quiescent currents when the transistors work in class B.)
The advantages of the =-mode of operation are:
(i) Crossover distortion such as that associated with class B is absent.
(ii) Regulation is not important since the current drain from the power
supply is constant. Adequate smoothing of the power supply can
be obtained by simple R-C filtering.
(iii) Short-circuiting of the output terminals will not damage the tran-
Sistors.
(iv) Distortion at normal listening levels is very low since the transistors
operate in class A at low power levels.
(v) With the use of emitter-loaded operation, the distortion of the
amplifier over the full power range can be controlled to specific
limits by a suitable choice of driver-stage source impedance.
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CIRCUIT DESCRIPTION

Output Stage

The output transistors TR7; and TRg of the amplifier circuit of Fig. 6
require to be driven from a low-impedance source. To provide this, the
two driver transistors TR5 and TR are connected in the common-collector
configuration. This configuration is comparable with the cathode-follower
connection of valves, and affords an impedance transformation by virtue
ofits high input and low output impedances. Use of these driver transistors
simplifies the design of the phase splitter; without the impedance trans-
formation, a high-power phase splitter would be needed.

Phase Splitter

A modified long-tailed-pair arrangement of transistors TR3, TRa is
used as the phase splitter because of the symmetry of output and low
distortion afforded by this configuration. In a conventional long-tailed-pair
circuit, the collector resistors are equal, and a shared emitter resistor is
used. The disadvantage of this is that the collector currents can vary because
of production spreads in transistor characteristics and temperature varia-
tions. This disadvantage is overcome by using separate emitter resistors
(R13 and Ry5) and by capacitance-coupling of the emitters, as in Fig. 6.

Stability of the collector currents is further improved by directly coup-
ling the phase splitter to the output stage through Rio and Ry7 and by ap-
plying overall d.c. feedback, by way of Ry, C¢ and Rig, Co. Thus the
midpoint voltage (—29V) is defined by the one feedback loop (Rg, C)
and the quiescent current through the output transistors by the other
(Ri6, Cyg). Setting-up adjustments to the midpoint voltage and quiescent
current can be made by means of the preset variable resistors RV and
RVs in the base circuits of TR3 and TRy respectively.

The collector resistors Ry2 and Ri4 are chosen to give the low impedance
necessary for class AB operation. They must be matched to within 59
in order to minimise even-harmonic distortion. The voltages across these
resistors are such that the emitter-to-collector voltages of the output
transistors are slightly higher than the values required for a maximum
output of 10W. This is to ensure that the phase splitter is not cut off
when the output stage is driven to 10W. Hence at this power, the phase
splitter is not working in the non-linear low-current region.

The loudspeaker load in Fig. 6 is placed in the emitter circuit of TR7,
and the phase-splitter output from TR3 is applied between the base of the
driver transistor TR and chassis. This is necessary for the class AB opera-
tion. The drive for TRg obtained from the collector of TRy is applied
between the base of the driver transistor TRg and the live end of the load.

Negative Feedback

Overall negative feedback of 44dB is applied from the output to the base

of the input transistor of the phase splitter. As the three stages within the

loop are directly coupled, except for the emitters of the phase splitter,
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low-frequency instability cannot occur. The high-frequency stability of
the three stages is no problem as the phase splitter uses alloy-diffused
transistors with very high cut-off frequencies. The overall negative feedback
is applied by Rg and Cg , the latter removing overshoot to give good pulse
response.

Input Stage

The phase splitter is driven by a two-stage current amplifier. Negative
feedback is applied by way of Rz, Csz over this two-stage amplifier to
minimise distortion and to obtain the correct sensitivity.

PERFORMANCE

In the design of the 10W amplifier illustrated in Fig. 6, the objective has
been that a minimum of audible deterioration should be incurred in the
quality of the reproduced programme material. Such deterioration can
result from one or more of several causes, the important ones being:

(i) Non-linearity distortion, introduced by the curvature of the voltage/
current characteristic of the output stage in the region of transfer
of conduction from one transistor of the push-pull pair to the other.
Two main forms of non-linearity distortion are harmonic and
intermodulation distortion.

(i1) Inadequate frequency response.
(iii) Poor transient response, indicating high- or low-frequency insta-
bility.
The performance of the amplifier is therefore expressed principally in
terms of these characteristics.

Non-linearity Distortion

It is desirable in assessing non-linearity distortion to establish a close
correlation between the measured values and the unpleasantness of
‘crossover’ distortion. To do this for the I0W amplifier, the variation of
gain along the transfer characteristic is measured. Two signals, one at
10kc/s and one at 100c/s, whose amplitudes are in the ratio 1 : 10, are
applied simultaneously to the amplifier.

From the output, the 100c/s is filtered out, and the 10kc/s signal observed
on an oscilloscope. The variation of amplitude of the 10kc/s signal corre-
sponds to the variation of gain along the transfer characteristics. The
maximum variation of gain—the maximum ‘gain deviation’—correlates
well with the unpleasantness of crossover distortion. Extensive tests have
shown that the maximum gain deviation method can be extended to all
forms of non-linearity distortion, provided the transfer characteristic is
not frequency-dependent. However, when the transfer characteristic is
frequency-dependent (for example, when the negative feedback is less at
high frequencies than at low frequencies) some method of measuring the
high-frequency intermodulation distortion is necessary. A sensitive method
is to pass ‘white noise’ (that is, all frequencies) confined to the high-
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frequency band, for example 16kc/s to 20ke/s, through the amplifier and
measure the resultant noise below the h.f. band, for example, below 10kc/s.

The overall feedback has been chosen to reduce the gain deviation and
h.f. intermodulation distortion to acceptable levels. The intermodulation
distortion measured by the gain deviation method is less than 1-59% at
10W, and the h.f. intermodulation distortion is 60dB below the level of the
‘white-noise’ signal.

The harmonic distortion in the mid- and low-frequencies has also become
extremely low: the class AB amplifier has 0-06 %, total harmonic distortion
at [OW output at a frequency of lkc/s.

Frequency Response
If the frequency range of a sound-reproducing system over which the
output relative to that at 1kc/s does not fall below half (—3dB) corresponds
with the normal audible frequency range (30c/s to 15kc/s), the quality of
reproduction will not be impaired. This gives the minimum bandwidth
requirement for an output at lkc/s of 1W. The peak power of musical
instruments is in the low- and mid-frequency ranges, however, so that the
upper limit of the response at the rated output at lkc/s need not be
greater than about 10kc/s.

At IW output, the response is flat to within 3dB from 16c¢/s to 60kc/s;
at 10W, the response is flat to within 3dB from 16¢/s to 20kc/s.

Transient Response

An important requirement is that the amplifier shall have a good margin
of stability. The high-frequency stability is conveniently checked by
observing the pulse response of the amplifier. The pulse should show
very little ringing with resistive, resistive-capacitive, and inductive-
capacitive loads.

The feedback capacitor Cg determines the upper limit of the frequency
response and the rise time of the amplifier. If this is chosen to give adequate
margins of stability with the above types of load, then the correct pulse
response will be obtained. The rise time of the amplifier is about 8us.
It is desirable to restrict the high-frequency response of the amplifier
to about 20kc/s. If Cgis made 4700pF, then the upper —3dB point becomes
20kc/s but the rise time becomes 20ps. The stability margin is, of course,
considerably increased.

Stability

The low-frequency stability was checked by driving the amplifier with
square waves of one second duration. The output indicated good low-
frequency stability.

Output Impedance
The output impedance of the amplifier is less than 0-2€2 over the frequency
range 30c/s to 10kc/s.
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Sensitivity
The sensitivity of the amplifier is 140p.A r.m.s. for the rated output of 10W,

Input Impedance
The input impedance of the amplifier is very low, and is of the order of
20€).

Part 2—Pre-amplifier

INTRODUCTION

Three OC75 transistors are used in the pre-amplifier circuit of Fig. 7,
and by virtue of the design of the first stage, the noise level is well below
typical user requirements. A further lowering of the noise level by half
(3dB) can be achieved by the use of an AC107 in the first and third stages.

The circuit is suitable for most crystal and ceramic pick-up heads. In
the magnetic pick-up position, the circuit gives correct equalisation for
a pick-up head of 500mH inductance. Other values of inductance require
a different resistance in the input circuit. In the radio input position,
the input resistance is 100k( and the sensitivity 100mV. Other values of
input resistance and sensitivity can be obtained by altering resistor values.

Alteration of the resistor values in the radio input position enables an
equalised tape input to be accommodated in that position. The equalised
tape input can be also accommodated by replacing one or other of the
pick-up inputs. Fig. 8a gives the arrangement for the combination of
radio, equalised tape and magnetic pick-up; Fig. 8b offers the combination
of radio, tape and crystal pick-up.

Bass and treble tone controls are provided in the circuit of Fig. 7, and
simple h.f. and Lf. filters are incorporated.

GENERAL CIRCUIT CONSIDERATIONS

The number of amplifying stages, the location of volume control and
tone controls, and the signal levels throughout the pre-amplifier are
governed by a number of conflicting requirements.

An important requirement is that all amplifying stages preceding the
volume control should be capable of handling signals much greater than
the nominal input level. This is necessary because of the wide variations
of recording levels and sensitivities of pick-ups; and it is common practice
to design the ‘pre-volume-control’ stages to handle an increase of input
level by a factor of at least 10 without excessive distortion. Obviously it is
easier to obtain large dynamic ranges if the signal levels are very low.
However, too low a signal level would make the noise contributed by
the circuit very much more troublesome. Thus the location of the volume
control is a compromise between dynamic range and noise.
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The noise requirements are as follows. First, the noise introduced by
the pre-amplifier should be well below the noise present with the programme
material—for example, recorded noise. This requires careful design of
the input stage, and again the operating conditions of the input transistor
are a compromise between noise and dynamic range. The second require-
ment is that with the volume control turned down fully, the noise from the
system under typical user conditions should be inaudible. To meet this
condition, the volume control should be as late in the system as possible.
This, however, conflicts with the dynamic range requirements and in
practice a compromise is adopted.

Tone controls generally introduce a loss, with a factor of 10 or more
being common. Placing the tone controls before the volume control in-
creases the signal handling problems of the pre-volume-control stages.
If the tone control is placed immediately after the volume control then
the signal level after the tone controls may be so low that the noise of the
stage following a tone control becomes a problem. A better solution is to
follow the volume control by a single stage of amplification and then the
tone control circuits.

PRE-AMPLIFIER CIRCUIT

The pre-amplifier circuit is shown in Fig. 7. The transistors TRy and TR»
forming the input amplifier are directly coupled with overall d.c. feedback
via Ry to stabilise operating conditions. The undecoupled emitter resistor
Ri2 presents a high impedance to the collector of TR; . The voltage gain
of TRy is therefore high, enabling high-impedance feedback networks
to be used for equalisation.

In the magnetic pick-up position, Rg in conjunction with the pick-up
inductance gives h.f. ‘roll-off’. The value of Rg should be chosen to suit
the individual pick-up:

Lg: 200 300 400 500 600 700 mH

Re¢: 27 47 56 68 82 10 kQ

A Dbass-lift equalisation characteristic is provided by the feedback
components Rz and Cs. Resistor R4 across Cs restricts the otherwise
excessive gain at very low frequencies.

In the crystal pick-up position, equalisation is provided by the network
Re Cy C;. The component values are suitable for pick-ups with capaci-
tances greater than 500pF. The lower cut-off frequency is about 80c¢/s—
this is equivalent to using a SMQ load across the pick-up in conventional
valve circuits.

In the radio position, the gain is determined by the feedback resistor Ry
and the input resistance by Rs. These can be chosen to suit individual
requirements. The input impedance with the values given in Fig. 7 is
100k€2, and is therefore suitable for valve tuner units. (If a transistor
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tuner unit is to be used, an impedance of about 10k( is required. Rs
should therefore be reduced to 10k€2, and R; should be reduced to 820€2
to maintain correct sensitivity.)

In the equalised tape input position (Fig. 8), the values of Rx and Ry
must be chosen to suit the particular tape input used.
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Fig. 7—TRANSISTOR
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The input amplifier is followed by the volume and the balance controls.

These are followed by the amplifying stage consisting of transistor TRz,
which feeds the tone control network. Overall negative feedback is applied
} via resistor Rig to reduce distortion.

Switched bass and treble tone controls are provided. By the use of
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switching, it is easier to maintain identical responses between both chan-
nels of a stereo system than when continuously variable controls are used.
Also the values of resistance for equal increments of boost or cut are such
that conventional potentiometers will not be suitable because the tone
control circuit is part of the feedback network. If sufficient feedback is
used to reduce distortion, and passive tone control circuits with conven-
tional potentiometers are used, then the loss of gain will be greater and
an extra stage may be necessary.

Simple h.f. and Lf. filters are incorporated in Fig. 7. The lowest bass
cut-off frequency of the pre-amplifier is about 20c/s. This can be increased
by decreasing the value of the coupling capacitor Ci2 by switching-in
series capacitors. A suitable value for the series capacitors is 0-47p.F.
The inclusion of one of these raises the lower cut-off frequency to 40c/s;
the inclusion of two raises it to 80c/s.

The h.f. response can be reduced by shunting the feedback resistor Rig
with suitable capacitors. Switching-in a 3-3nF capacitor gives a treble
cut-off frequency of 8kc/s; inclusion of a 2:2nF capacitor gives a cut-off
frequency of 12kc/s.

The sensitivity of the pre-amplifier in the magnetic pick-up position
is SmV for an output current of 140p.A. This current of 140p.A is the input
required by the 10W amplifier for an output of 10W. The corresponding
sensitivity in the crystal pick-up position is 500mV (source capacitance
500pF), and the sensitivity in the radio position is 100mV.

Rad 10 0—AAAN 5 .

|
|
Ng |
f AN 0|
EQUALISED 0—AAAA- o p Crystal o = o |
Magnetic O—AAAAS — EQUALISEDO—AAAA- ,
pu TAPE ~

(b)

Fig. 8—CIRCUIT MODIFICATIONS FOR EQUALISED TAPE INPUT
(Values of Rx and Ry to be chosen to suit particular tape input)
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The total harmonic distortion at 1kc/s in the magnetic pick-up position
is less than 0-05 % for an input of SmV. If the input is increased to 50mV
and the volume control turned down so that the output is 140p.A, then
the total harmonic distortion increases to about 0-3 9.

The tone control characteristics cover the ranges:

Bass: 4 12dB to —13dB at 100c/s
Treble: +8dB to —10dB at 10kc/s

MONO AND STEREO APPLICATIONS
The circuit of Fig. 7 is suitable either for monophonic equipment or as
one channel in stereophonic equipment.

In the mono application, the balance control RVz is not needed. In the
stereo application, of course, the volume control RV; must be two
ganged potentiometers, and the filter and tone control switches must
accommodate the components of both channels.

POWER SUPPLY

The power supply circuit for two 10W amplifiers and the stereo pre-
amplifier is given in Fig. 9. The smoothing of this supply should be such
that the ripple level on the —52V line is not greater than 100mV peak to
peak.

240V D,
BYIl4 R,

_O/]/ 220V 45V

M ainls 200V
[
|
| oV
10V oV

Voltage across 'C3 should be between
58 to 60V

Fig. 9—POWER SUPPLY
*(Values of Ry and Ry chosen to give stated voltages)
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INTRODUCING THE MULLARD
TECHNICAL HANDBOOK SERVICE

The abridged technical data given in this manual, like that normally
published in price lists, folders, catalogues, etc., should meet the
needs of a very large number of valve users. Engineers, particularly
those concerned with the design of new equipment, will, however,
require information which is more comprehensive. It is primarily
for these engineers that the Mullard Technical Handbook is issued.

The handbook is a loose-leaf publication containing data sheets
on all available Mullard valves, tubes and semiconductor devices.
The advantage of the loose-leaf system is that the handbook can
be kept up-to-date by the issue of new, supplementary or revised
sheets. The sheets are firmly secured in a number of hard-wearing,
spring-backed binders. The information provided includes: recom-
mended operating conditions; performance figures for various
applications; limiting values; and characteristic and performance
curves.

At present, the sheets are contained in six volumes and are
arranged as follows:

Volume I: Current Receiving and Amplifying Valves; Special
Quality Receiving Valves; Current Television Picture
Tubes; Miscellaneous Valves.

Volume 2: Maintenance-type Receiving and Amplifying Valves;
Maintenance-type Cathode Ray Tubes.

Volume 3: Cathode Ray Tubes (except television picture tubes);
Voltage Stabiliser and Reference Level Tubes; Decade
Counter and Indicator Tubes; Small Thyratrons and
Trigger Tubes; Large Thyratrons and Ignitrons; Power
Rectifiers; Transmitting and Industrial Heating Valves;
Miscellaneous Devices; Microwave Devices and Com-
ponents.

Volume 4: Transistors; Rectifier Diodes; Rectifier Diode Stacks;
Thyristors; Thyristor Stacks; Semiconductor Diodes;
Photoconductive Cells; Photoemissive Cells; Photo-
diodes and Phototransistors; Photomultiplier Tubes;
Image Converter Tubes; Camera Tubes.

Volume 5: Fixed Capacitors; Variable Capacitors; Fixed Resistors;
Variable Resistors; Non-Linear Resistors; Electro-
Mechanical Components.
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Volume 6: Permanent Magnets; Special Permanent Magnets;
Electromagnet Assemblies; Ferroxcube Storage Cores,
Switch Cores, Rods, Tubes and Beads, U-Cores and
Yokes, Toroids, Transformer Cores and Pot Cores;
Vinkors.

The initial charge for each volume includes the supply of the
cover with a complete set of the current data sheets for a period
of twelve months. The service fee is payable each year after the
first twelve months to cover a postal service of supplementary
sheets.

Each of the volumes is issued separately so that subscriptions can
be arranged for any one, two or more volumes or for the complete
set of six volumes.

The subscriptions for the various volumes are as follows:

Initial Charge Annual Service Fee
Volume 1 £3 (U.S. $8.40) £1 (U.S. $2.80)
Volume 2 £1 10s (U.S. $4.20) No Service Fee

Volume 3 £3 (U.S. $8.40) £1 (U.S. $2.80)
Volume 4 £3 (U.S. $8.40) £1 (U.S. $2.80)
Volume 5 £1 10s (U.S. $4.20) 10s (U.S. $1.40)
Volume 6 £3 (U.S. $8.40) £1 (U.S. $2.80)

In view of prevailing currency regulations, however, all orders
must be accompanied by the necessary remittance.
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TECHNICAL HANDBOOK SERVICE
APPLICATION FOR MULLARD TECHNICAL HANDBOOK

To: MULLARD OVERSEAS LTD.,
MULLARD HOUSE,
TORRINGTON PLACE,
LONDON, W.C.1, ENGLAND.

1. Please send the following volumes containing all data sheets on
current issue (please tick items required).

(tick) £ s
Volume 1 (£3) (U.S. $8.40) .. . . ..
Volume 2 (£1 10s) (U.S. $4.20)
Volume 3 (£3) (U.S. $8.40) e
Volume 4 (£3) (U.S. $8.30) .. v e
Volume 5 (£1 10s) (U.S. $4.20) e P e
Volume 6 (£3) (U.S. $8.40) e e,
TOTAL
2. 1/We enclose remittance value. ... ... to cover

the total amount shown above.

3. I/We understand that new and revised sheets will be forwarded
as they become available for a period of one year, after which a
service fee for each volume according to the following scale will
become due:

Volume 1 £1 per annum (U.S. $2.80)
Volume 2 Free of charge

Volume 3 £1 per annum (U.S. $2.80)
Volume 4 £1 per annum (U.S. $2.80)
Volume 5 10s per annum (U.S. $1.40)
Volume 6 £1 per annum (U.S. $2.80)

4. Please send the handbook and all future issues of data sheets
addressed as below:
(Please type or use block capitals)
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