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Foreword

It is well known that the valves in a television receiver must satisfy require-
ments which are very different from those in a normal radio receiver.
Although conventional radio and amplifying valves were used in the experi-
mental stage of television, the production of very large numbers of television
receivers has created the need for valves specially designed for this purpose.
In 1951 a complete range of television receiving valves was therefore intro-
duced by Philips a range which has been extended from time to time, to
keep pace with the rapid development of television throughout world.
The first chapter of this book gives complete data and characteristic curves
for these valves and also of two picture tubes. For each valve, typical circuits
are described. The second chapter discusses intercarrier sound and flywheel
synchronization of the line deflection. Then follows a description of a com-
plete television rece ver circuit. The matter dealt with in this book has been
kept on an entirely practical basis. For a fundamental treatise on television
the reader is referred to ‘“Television”, by F. Kerkhof and Ir. W. Werner,
also published in the Philips Technical Library.
In preparing this book use has been made of the wealth of information
available at the Application Laboratories of the Electronic Tube Division.
Thanks are finally due to Mr. J. Haantjes and Dr. B. G. Dammers for their
many valuable suggestions and the reading of the manuscript and to Mr.
Harley Carter for scrutinizing the English translation.

J. JAGER
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CHAPTER I

DATA AND CIRCUITS

Introduction

Before describing in detail each of the valves it will be advantageous to
review them as a whole and to classify them according to their functions
in a television receiver. For this purpose a block diagram showing the main
stages of a typical television receiver is reproduced in Fig. 1. In this diagram
the appropriate valve types are indicated for each function and it is seen
that often more than one type is available for a specific application. This is
further explained in the following notes.

MW36-44
ECC81 PL83 MW36-24
EF80 EF80 £B91 EF80 MW 43-4

Front end Picture I.F. Detection
cturé s and }_'_ Video
|

|
,— R.F ;EC. P DC. rest. ampl. ﬁ

Intercarrier sound

Fe——————— -
! £Q80 PL82
: EF80, EB9I1 ECL 80
Sound LEL__Ipetecti caaund m
ECL&0
Sync.
PY&2 separation

Mains
Oo—T-—=-- =
rectification ECL 80|multwvibrator
PL 82)output PL 81|output
ECL 80|osc. +output PY80|booster )
PYS81 L7517 _J
- _Lerol
Frame Line
deflection deflection EHT 72513
Fig. 1

Block diagram of a typical television receiver.

R.F. amplification

In the so-called low band from 40 to 70 Mc/s the EF 80 can be used for R.F.
amplification. This is a pentode with high mutual conductance and low
input and output capacitances. In the high band from 174 to 216 Mc/s
the application of the double triode ECC 81 has advantages owing to the
lower noise level that can be obtained with this valve, but the EF 80 is
also suitable at these frequencies, especially in the simpler receivers where
a very high sensitivity is not required.



Frequeney changing

Because of the wide bandwidths and the consequently low circuit impedances
used in television receivers, the conventional multiplicative frequency chan-
ger valves are less suitable, because of their high noise level and compara-
tively low conversion conductance. Additive mixer circuits, in which a high-
slope triode or pentode is used with either self excitation or separate exci-
tation, are much more favourable in these respects. In such circuits an ECC
81 double triode or an EF 80 pentode can be used.

Picture LF.

According to the sensitivity aimed at in the design, four or three stages of
picture I.F. amplification preceding the video detector will normally be
used. The valve for this application is the EF 80.

Video detection and D.C. restoration

For this application the double diode EB 91 is available. The two sections
of this valve have separate cathodes, so that one section may be used as
the video detector and the other as D.C. restorer.

Video amplification

Two types, the PL 83 and the EF 80, are indicated for this application.
In receivers with a single video stage the EF 80 can be used but the PL 83
is capable of providing a higher undistorted output voltage at a given band-
width or, alternatively, a larger bandwidth at a given maximum output
voltage. For systems with the higher definition the PL 83 is therefore to
be preferred. When two stages of video amplification are used the EF 80
may serve as the pre-amplifier followed by a PL 83. It should be borne
in mind, however, that, in view of the possibility of microphony, the gain
between the input of the EF 80 and the control electrode of the picture
tube should be kept below 25.

The picture tube

The all-glass picture tubes MW 36-44 and MW 36-24 have a rectangular
screen (dimensions 30 cm X 23 cm), corresponding to the C.C.I.R. standards.
The tubes employ wide-angle deflection, so that the total length is reduced
to 42 cm. A larger type is the MW 43-43, also having a rectangular screen
(36.5 cm X 27 cm), but a metal cone. The types MW 36-44 and MW 43-43
are provided with a special gun giving improved average resolution over
the entire screen area.

Sound LF.

In the conventional arrangement where the sound I.F. is abstracted
from the picture I.F. amplifier, two stages of amplification using EF 80
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pentodes will normally be required preceding the F.M. detector. In a
receiver with intercarrier sound one stage of sound I.F. using the EF 80
will be sufficient.

Sound detection

For this application the special F.M. detector and limiter valve, Type
EQ 80, is available. In other detector systems operating with a double
diode, the EB 91 may be used.

Sound output

Two valves are available for this application. The pentode section of the
ECL 80 can provide an output of 1.75 W at a supply voltage of 200 V. With
certain types of F.M. detector giving a low A.F. output some pre-amplifi-
cation preceding the output stage is required. The use of the ECL 80 has
the advantage that its triode section can be used as pre-amplifier. If a
higher output is required the pentode PL 82 can be used. This valve is
capable of giving an output of about 4 W. With the EQ 80 as F.M. detector,
giving a high output voltage, pre-amplification between the detector and
the PL 82 is not required.

Synchrenizing pulse separation and amplification

Owing to its short grid base, when the pentode section of the ECL 80 is
operated with a low screen-grid voltage, this valve is eminently suitable
as a synchronizing pulse separator. The triode section may then be used
for further clipping and amplification of the synchronizing signal.

Frame deflection

In this section of the receiver the ECL 80 can serve for two functions, viz.
the triode as blocking oscillator and the pentode as frame output valve.
If a H.T. line voltage of 200 V is available, the pentode section of an ECL
80 can provide sufficient peak anode current for deflection in a picture tube
with narrow deflection angle and a comparatively low ancde voltage.
For deflection in a wide-angle picture tube operating at an anode voltage
of 10 kV or more, it will normally be necessary to feed the anode of the
pentode section from the boosted H.T. voltage, which is available in the
line-output stage when this operates with a booster diode. Alternatively,
the PL 82 pentode may be used for frame deflection. This valve can provide
a much higher peak anode current than the pentode section of the ECL
80, so that its anode can be supplied from the normal (unboosted) H.T. line.

Line deflection

In the oscillator section of the line timebase generator the ECL 80 can
again be used, either with the pentode or the triode section as blocking
oscillator or with both sections in a multivibrator arrangement.



A special line output pentode having high anode insulation and capable
of delivering a high peak anode current is the PL 81. This pentode will
normally be used in combination with one of the booster diodes PY 80 or
PY 81, the latter having special insulation between cathode and heater,
thus simplifying the design of the line-output transformer.

E.H.T. rectifier

In modern television receivers the E.H.T. potential is normally obtained
by rectifying the flyback pulses in the line circuit. A special diode of the
wire-in type for this application is Type EY 51. The heater wattage of the
EY 51 is very small, so that it is possible to feed the heater from a separate
winding on the line-output transformer.

Mains rectifier

For the power supply section of the receiver the PY 82 is available. This
half-wave rectifier can deliver a rectified output current of 180 mA, so that
in most television receivers two of these valves must be used in parallel.

From the above notes it may be seen that the range of television valves covers
all the functions likely to be encountered in a receiver. For several functions
more than one type is available, so that a suitable valve complement can
always be found for any television standard now in use.

During recent years the size, cost and weight of television receivers has been
considerably reduced. This is to a large extent attributable to the wide-
spread adoption of the transformerless technique, in which the mains trans-
former is dispensed with. The heaters of the valves are then connected in
a series chain across the mains supply, the H.T. line voltage being obtained
by direct rectification from the mains. For this reason, with the exception
of the EQ 80 and the EY 51, the range of valves described here has been
designed for series operation of the heaters, the heater current being 0.3 A.
The heater wattage of the EY 51 has been kept small (6.3 V, 90 mA), to
permit supply from a separate winding on the line-output transformer. The
heater current of the EQ 80 valve is 0.2 A at 6.3 V, so that when it is used
in a receiver in which the valve heaters are operated in series, the EQ 80
heater must be shunted by a resistor of 63 Q.

Some of the valves in the range are suitable for either series or parallel
operation of the heaters. With the EF 80 and the ECL 80, for example,
the heater voltage is 6.3 V at 0.3 A. Of most of the P-types, such as PL 81
and PL 83, having a heater voltage greater than 6.3 V, equivalent E-types
are also available. The type numbers are then EL 81, EL 83 etc.; the heater
voltage is 6.3 V, but the heater current is, of course, greater than 0.3 A.
The adoption of a heater current of 0.3 A is a deviation from the conven-
tional practice with radio valves, where, for series operation, a heater cur-
rent of 0.1 A is used. There are, however, good reasons for this. In the first
place, in a television receiver one heater chain would be impossible with 0.1 A
heaters, so that several chains would be needed in parallel, each with its
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own series resistor, and this, of course, would be a more expensive arrange-
ment. With valves having a heater current of 0.3 A, in the majority of cases
one single heater chain suffices and consequently this is the cheapest solution.
Secondly, the adoption of a heater current of 0.3 A has made it possible
to design some of the valves in this range for a heater voltage of 6.3 V, so
that these types are suitable for either series and parallel operation.
There are many possible arrangements of the supply system of a receiver.
The arrangement in a receiver with parallel operation of the heaters needs
no special comment. In a receiver designed for series operation of the heaters,
one heater chain will be employed at the higher mains voltages, whilst the
required high-tension supply is obtained by direct rectification from the
mains. At the lower mains voltages two heater chains will normally be re-
quired, and the high tension may be obtained either by direct rectification
from the mains or by the inclusion of a comparatively small auto-trans-
former between rectifier and mains.

Care has been taken in the design of the valves to ensure good heater-
cathode insulation. Some capacitance between the heater and the other elec-
trodes, particularly the cathode, is, however, inevitable and this may result
in objectionable hum interference if the position in the heater chain of the
particular valve in which the interference might be caused is not judiciously
chosen. One end of the heater chain is normally connected to the receiver
chassis, to which most of the cathodes are also connected. It is therefore
advisable to choose the position in the heater chain of, for example, the
frequency changer and the picture tube in such a way that the potential
between heater and cathode is a minimum. The heaters of other valves
not likely to cause hum interference, such as the mains rectifier, should
then be included in the other end of the heater chain. It is also possible
that undesirable coupling effects arise between the various stages of the
receiver via the heater chain. It is then necessary to use by-pass capacitors
of about 1500 pF between the heater terminal on the socket and the chassis,
this applying especially to the picture channel of the receiver.

Finally, due precautions should always be taken to avoid temporary overheat-
ing of some of the valves. When the set is switched on the heater voltage of
those valves having the lowest heater wattage — which implies a low thermal
inertia — will temporarily exceed the rated value, and this tends to reduce
the useful life of these valves. This can be avoided by using a series resistor
having a high negative temperature coefficient (NTC resistor), so that the
heater current is initially low and the warming up time is governed by the
thermal inertia of the NTC resistor.



ECC 31
The double triode ECC 81

Description

The ECC 81 is a double triode in noval en-
velope, specially designed for use as R.F.
amplifier or frequency changer at high fre-
quencies (100-300 Mc/s). When used as a fre-
quency changer one triode section may serve
as mixer and the other as local oscillator.

In the design of the valve special attention
has been paid to the performance at high
frequencies. The electron transit time between
cathode and grid is short, resulting in a reduc-
tion of noise and input conductance. The
triode sections are mounted side by side in
order to keep all leads to the base pins as
short as possible. This is especially important
in respect of the cathode lead, where a
high inductance would result in a high input
conductance. Owing to the high mutual con-
ductance and the low input capacitance of

Fig. 1 each system a high gain can be obtained at
The double triode ECC 81 large bandwidths.
(about actual size). When the ECC 81 is used as a combined

mixer and local oscillator, the two triode

sections operate under very different condi-
tions. It is then often convenient to be able to choose the cathade bias of
each triode independently. This has been made possible by connecting the
cathodes of the two systems to separate base pins.

Application

For amplification at high frequencies a triode is often preferred to a pentode.
While it is true, that “shot’ noise cccurs in both the pentode and the triode,
the pentode has an additional source of noise, caused by random variations
in the distribution of electron current between anode and screen grid.
An R.F. stage equipped with a pentode will therefore be noisier than a
similar stage with a triode of comparable mutual conductance, but this will
only be noticeable when the external noise caused by the impedance of the
input circuit and the noise received by the aerial is small compared with
that caused in the valve.

In the 41 to 68 Mc/s television band the noise received via the aerial normally
exceeds the noise generated in a high slope pentode, so that no appreciable
improvement can be obtained by using a triode. In the 74 to 216 Mc/s band,
however, both the equivalent circuit noise and the noise received via the
aerial are much smaller, so that an improvement in noise level can be ob-
tained by using a triode instead of a pentode in the R.F. stage. This, of
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ECC 81

course, applies especially to a receiver of very high sensitivity. In a receiver
of lower sensitivity, where the minimum useful signal largely exceeds the
equivalent noise voltage of the R.F. valve, there is no appreciable difference
between a pentode and a triode.

The internal resistance of a triode is much smaller than that of a pentode,
but this is no great disadvantage, because at high frequencies where a triode
would be used the circuit impedances are several times smaller than the
internal resistance of the valve. A real disadvantage of the triode is the
relatively large capacitance between anode and grid, which, in a normal
circuit with grounded cathode, must be neutralised to prevent instability.
In the grounded-grid circuit, however, the grid shields the input from the
output, so that neutralisation is not required. It is also possible to combine
the grounded-cathode and the grounded-grid circuits (cascode circuit), in
which one section of the ECC 81 operates as grounded-cathode amplifier
working into the other section connected as a grounded-grid amplifier. The
gain of the first section is then practically unity, so that instability as a
result of anode-to-grid capacitance cannot occur.

1. The ECC 81 as R.F. amplifier in a grounded-cathode circuit

A circuit diagram of an R.F. stage in which the two sections of an ECC 81
valve are connected in push-pull is reprcsented in Fig. 2. This circuit has
the advantage that the input resistances and the capacitances of each triode
are effectively in series across the tuned circuits. Compared with a single
stage this results in the valve capacitances across the tuned circuits being
halved and the valve resistances doubled. It is therefore possible to obtain
a high L/C ratio and a high quality factor.

It is necessary to neutralise the anode-to-grid capacitance of cach triode
section. The capacitors used for this purpose must have a value from 1 to
2 pF, and can most conveniently be obtained by twisting together two short
lengths of insulated copper wire. Optimum compensation can be obtained
by varying the twisted length.

_ 10mA
1-2pF |ECC 81
% L Y L é
Ly 2 2 Ly
a =l
82 Teo =R
1-2pF pF
S 10mA a
© S 330pF
=1
= +I90V=" 70263
Fig. 2

The ECC 81 as R.F. amplifier with the two
sections in push-pull.



ECC 81

The inductances L, and L; are tuned to the required frequency by the
valve and wiring capacitances. Since the bandwidth is fairly large, variable
tuning can often be dispensed with. At a frequency of 200 Mc/s the input
resistance of each triode section is approximately 2 kQ and the equivalent
noise resistance approximately 500 Q.

2. The ECC 81 as R.F. amplifier in a grounded-grid eircuit

The circuit diagram reproduced in Fig. 3 differs from that of Fig. 2 in that
the signal is applied to the cathodes of the triodes instead of to the grids.
The grids shield the input circuit from the anodes, so that it is no longer
necessary to apply neutralisation, which simplifies the circuit.

In the grounded-grid arrangement the input resistance of each system is
much smaller than in the grounded cathode circuit. The input resistance
is the reciprocal value of the mutual conductance, i.e. for one section of
the ECC 81 it is approximately 180 Q. The low input resistance results in
a low voltage gain in the input circuit. On the other hand the bandwidth
becomes so large that several channels can be received without retuning
the R.F. stage. Variable tuning of the local oscillator therefore suffices. The
intermediate frequency should be chosen so high that image frequencies

fall outside the television band.
éu

330pF

= +190V = 70264

Fig. 3
The ECC 81 as R.F. amplifier in a
grounded-grid circuit, with the two
sections in push-pull.

3. The ECC 81 as R.F. amplifier in a cascode eircuit

It is possible to combine the advantages of the grounded-cathode with
that of the grounded-grid circuit. Using the two sections of an ECC 81
valve in cascade with the first section in a grounded cathode and the second
section in a grounded-grid circuit gives the combined circuit the high input
resistance of the grounded-cathode arrangement and the favourable shielding
between input and output of the grounded-grid circuit. The complete circuit
is given in Fig. 4.

Since the input resistance of the second stage is 1/S, the voltage gain of
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ECC 81

the first stage is unity. Neutralisation by means of L, is therefore not used
to prevent instability, but to reduce noise. The noise decreases with de-
creasing feedback from anode to grid. The inductance of L, is so chosen that
it resonates with the anode-to-grid capacitance at the signal frequency,
so that the impedance between anode and grid becomes very high.

Fig. 4
The ECC 81 as cascode amplifier.

The inductor L; is tuned to the signal frequency with the valve and wiring
capacitances, whilst L, serves as an R.F. choke in the cathode lead of the
second stage. For alternating currents the triode sections are connected in
series, so that the alternating anode current of the first stage flows through
the second stage. The voltage gain between the grid of the first stage and
the anode of the second is therefore SR,, where S is the mutual conductance
of one triode and R, the load measured across L.

Owing to the current feedback in the grounded-grid stage the load of the
first stage is practically noise-free. The noise is therefore determined by
the first triode, so that the combination has the low noise of a triode amplifier
and the shielding between input and output of a pentode. The gain is also
identical to that of a pentode with mutual conductance S.

4. The ECC 81 as frequeney changer

If the R.F. stage in a television receiver is designed to have a large band-
width, and consequently a low gain, an appreciable reduction in noise can
be obtained by using a triode for frequency conversion. A circuit diagram
in which one triode section of an ECC 81 valve is used as mixer and the
other as local oscillator is given in Fig. 5.

The oscillator voltage is applied to the mixer grid via a small capacitor
of 1 to 2 pF, which again can be obtained by twisting together two short
lengths of insulated wire. Adjustment of this capacitor to such a value that
a grid current of slightly less than 1 pA flows in the grid leak of 1 MQ gives
optimum conversion conductance. The oscillator voltage at the grid is then
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ECC 81

between 2 and 2.5 V,p,, and the conversion conductance 2 mA/V. Auto-
matic bias is obtained for the mixer section by means of the cathode resistor
of 500 Q, which prevents overloading of the triode if the oscillator voltage

should fail.

With a combination of the circuits represented in Figs. 2 and 5 at a signal
frequency of 200 Mc/s a voltage gain of approximately 15 R,, can be obtained,
where R, is the impedance in the anode circuit of the mixer. This figure
refers to an aerial impedance of 70 Q. With a total receiver bandwidth of
5 Mc/s and an aerial E.M.F. of 6.6 wV the signal-to-noise ratio measured
at the output is then unity. With optimum matching of the input this signal

corresponds to 3.3 uV at the input terminals of the receiver.

Heater data

Heating: indirect by A.C. or D.C.; series or parallel supply

o
43
b

i

100pF Ls
L L g
! 2 <
= =L ll500pF
I 85 I

=Hoy =

Fig. 5
Frequency changer circuit using the ECC
81, in which one section serves as mixer
and the other as local oscillator.

7026¢

DATA OF THE ECC 81

Heater voltage V,= 6.3 126 V
Heater current I, =03 0.15 A
max 22
1
a ad
2g
g g’ £ g
(U
k f fc K T

10

Fig. 6
Base connections and dimensions of the ECC 81.



ECC 81

Capacitances (measured on the cold valve)

Section 1 Section 2

Input capacitance . . . . O, = 2.3 2.3 pF
Output capacitance . . C, = 0.4 0.35 pF
Capacitance between anode and

grid . . . . Cog = 1.6 1.6 pF
Capacitance between anode and

cathode . . . Cox = 0.18 0.18 pF
Capacitance between heater and

cathode. . . Cu, = 2.5 2.5 pF
Capacitance between cathode

and grid + heater . . . Crig+y) = 4.8 4.8 pF
Capacitance between anode and

grid + heater . . Cotgryy = 1.9 1.8 pF
Capacitance between the two

grids . . Coy < 0.005 pF
Capacitance between the two

anodes . . . . . . . . Cu < 04 pF
Typical characteristics (for each section)
Anode voltage . . . . . . V, = 100 170 200 250 V
Grid voltage . . . . . . V, = —1%) —1%) —1*%) 2V
Anode current . . . . . . I, = 3.0 8.5 11.5 10 mA
Mutual conductance . . . . § = 35 5.5 6.4 5.0 mA/V
Amplification factor . © = 38 66 66 60

Limiting values (each section)

Anode voltage at zero anode

current . . . . . . . . Vas = max. 550 V
Anode voltage . . . . . . V, = max. 300 V
Anode dissipation . N (P = max. 25 W
Cathode current . . . I, = max. 15 mA
Heater voltage during warmlng up period

(for V; normal = 6.3 V) . max. 9.5 V¥¥)

(for V; normal = 12.6 V) . max. 19 V¥¥)
Voltage between heater and

cathode . . N = max. 90 V
Negative grid voltage .o —V, = max. 50V

External resistance between con-
trol grid and cathode, with

automatic bias . . . . R, = max. 1 MQ
External resistance between
heater and cathode. . . . Ry = max. 20 kQ

*) At this adjustment grid current may occur. In cases where this is inad-
missible it is advisable to adjust the bias to —1.5 V.

**) When the ECC 81 is used in a receiver or any other circuit with series-
connected heaters it is necessary to use a device limiting the initial current
after switching on. This may be an NTC resistor in series with the heater chain,
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Mutual conductance, amplification factor, internal resistance and grid voltage
plotted against anode current, for anode voltage of 100 V (one section).
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As fig. 9, but for an anode voltage of 170 V.
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Performance curves of the ECC 81 as mixer

operating at an anode voltage of 170 V, with-

out cathode bias resistor. S is the effective

mutual conductance for a signal of 100 mV
at intermediate frequency.
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EF 80
The RF pentode EF 80

Description

The EF 80 is a high-slope R.F.
pentode on the Noval base, design-
ed primarily for wide-band R.F.
and L.F. amplification in television
receivers. Its characteristics render
the valve suitable for use also as
a video amplifier, as a frequency
changer, and in some forms cf syn-
chronizing-pulse separator circuits.
As with other valves in the range,
the EF 80 can be used with an H.T.
line voltage of 170 V without sacri-
ficing performance. A line voltage
of about 170 V is commonly en-
countered in television receivers
with a transformerless supply sys-
tem when the mains voltage is 220 V.
Due to the provision of two
cathode leads, the input conduct-
ance has been reduced, and this
is of particular importance at the
higher frequencies in the television
bands.

1

Fig.
The R.F. pentode EF 80 (about actual
size).

Application
1. The EF 80 as L.F. amplifier

The carrier frequencies of the low television band for channels I to IV of
the 625 line system lie between about 40 and 70 Mc/s. Two possible circuit
arrangements are available for the amplification of these signals to a level
suitable for video detection. In receivers intended for the reception of one
channel only a T.R.F. amplifier can be used but, owing to the high carrier
frequencies, efficient screening is required, whilst it is also difficult to adapt
such a receiver for the reception of more than one channel. A superhet
arrangement is therefore often preferred and most of the gain is then
provided by the LF. amplifier, the preceding stages mainly serving for
frequency conversion and some pre-selection. Moreover, the frequency
response of the R.F. stage of the receiver is usually very flat, so that the
shape of the response curve of the receiver is almost entirely determined
by the I.F. circuits.

A normal figure for the required I.F. signal at the video detector for average
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picture contrast with a direct-viewing picture tube and one stage of video
amplification is 2 V. Assuming that one stage of R.F. amplification and a
frequency changer are employed, giving a total gain of 20 between the aerial
terminals and the grid of the first I.F. tube, a total I.F. gain of 10 000 is
required when the sensitivity at the centre frequency of the pass band has
to be 10 uV, and one of 1000 when a sensitivity of 100 ¢V is considered
sufficient. A convenient figure for the 3 db bandwidth with the 625 line system
is 5 Mc/s and, in order to keep image frequencies outside the television band
and to minimize feedback of harmonics of the detected I.F. signal into the
first stages of the receiver, the centre of the I.F. band should be chosen at
about 21 Mc/s. In the high band from 174 to 216 Mc/s a higher intermediate
frequency is often used.

A basic diagram for a four-stage stagger-tuned I.F. amplifier is given in
Fig. 2. A very useful characteristic quantity of a valve is the product of
gain and bandwidth, G B, which is equal to S/2n (C; + C,), in which S is

EF80 EF80 EF80

Detector

r

64281

Fig. 2
Simplified diagram of a four-stage I.F. amplifier with staggered tuning.

the static mutual conductance and C; and C, are the input and output
capacitances respectively. With the EF 80 this figure is 110 and this would
imply that a voltage gain cf 22 could be achieved when the 3 db bandwidth
of the anode circuit is 5 Mc/s. However, the GB figure is purely a valve
characteristic and therefore does not take into account the unavoidable
increase in total capacitance of the anode circuit caused by the wiring and
the distributed capacitance of the coil. Moreover, the G B figure is given for
the cold capacitance of the valve and for a valve in operation the actual
capacitances are somewhat greater. A practical figure for the product GB
of the EF 80 is 55 when the capacitance in the anode circuit is not intention-
ally increased, which implies tuning of the circuits by means of slugs of pow-
dered iron. A stage gain of 11 can therefore be obtained when the bandwidth
is 5 Mc/s. This method of calculation may also be applied to a stagger-tuned
amplifier when the circuits are mutually detuned and damped according
to the method of flat staggering.

A four-stage amplifier with EF 80 will therefore provide a total I.F. gain
of 10,000 and one with three stages a total gain of 1000. With these figures
allowance is made for some decrease in gain due to the inclusion of trap
circuits for the suppression of sound, adjacent sound and adjacent picture
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signals. Also the inclusion of small non-bypassed cathode resistors, for com-
pensating the variation of the input capacitance of the valves caused by
the contrast control, will result in a somewhat lower gain. A simple method
for determining the tuning frequencies of each of the five tuned circuits of
the four-stage amplifier of Fig. 2 and the required bandwidths of each circuit
will now be given.

From a semi-circle, subdivided into 5 equal parts, a perpendicular is dropped
to the diameter from the centre of each part (see Fig. 3). The scale of this

8=
1.6 Mc/s

| | ) | | L
20 205 21 215 22 225 23 235
f(Mc/s, 64264

Fig. 3
Stagger diagram for a four-stage I.F. amplifier
centred at 21 Mec/s.

figure should be so chosen that the diameter represents the required 3 db
bandwidth of the whole amplifier, which in the present case is 5 Mc/s. The
base of the central perpendicular now represents the centre of the I.F. band
and the horizontal distances of the other perpendiculars represent the detun-
ing of the other circuits with respect to this centre. Moreover, the length
of each perpendicular gives half the required bandwidth of each circuit.
The tuning frequencies and bandwidths of the circuits of Fig. 2 may now
be tabulated as follows:

Circuit No. frg(;l:;?l%y Bandwidth
1 18.6 Mc/s 1.6 Mc/s
II 19.5 Mc/s 4 Mc/s
II1 21 Mc/s 5 Mc/s
Iv 22.5 Mc/s 4 Mc/s
A% 23.4 Mc/s 1.6 Mc/s
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8= B=
4.6Mc/s 4.6Mc/s

B= B=
1.9Mc/s 1.9Mc/s

1 1 1 1 ! 1 1 1 1
8.5 19 95 20 205 21 215 22 225 23 23.
f(Mc/s) 64265

Fig. 4
Stagger diagram for a three-stage I.F. amplifier
centred at 21 Mec/s.

The staggering scheme for a three-stage I.F. amplifier, also with a band-
width of 5 Mc/s and a centre frequency of 21 Mc/s is shown in Fig. 4. Such
an amplifier with three EF 80 valves provides a gain of 1000 and the stagger
frequencies and bandwidths are:

Circuit No. frg;:(iggy Bandwidth
I 18.7 Mc/s 1.9 Mc/s
I 20.05 Mc/s 4.6 Mc/s
I1I 21.95 Mc/s 4.6 Mc/s
v 23.8 Mc/s 1.9 Mc/s

From this stagger diagram it appears that it is not always necessary to
have a circuit tuned to the centre frequency. In fact such a circuit will
only occur in an amplifier having an uneven number of tuned circuits.
The required bandwidth of each individual circuit is usually obtained in the
following way. All coils of the amplifier are given equal @’s and the band-
width of each circuit is adjusted to the desired value by chosing a suitable
value for the grid leak resistor (Fig. 2). In determining the value of this
resistor it is not necessary to take the input damping of the EF 80 into
account, this damping having a very small value. The damping on the last
L.F. circuit caused by the detector diode, however, may be quite considerable,
its value being approximately equal to the diode load. When the smallest
bandwidth of the circuits is obtained from the stagger diagram the minimum
Q of the coils may be calculated with the aid of the following formula:
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in which f, is the tuning frequency of the circuit in question and B the
bandwidth. For instance, the minimum @ of circuit No. I in the stagger dia-
gram of Fig. 3 is @ = 18.6/1.6 = 11.6. In the examples given above the total
tuning capacitances have been assumed to be 22 pF, which is about twice
the sum of the input and output capacitances of the valve. The total parallel
resistance of the circuit is now:

Q9 11.6
T 2nf,C 2w X 18.6 X 108 X 2.2 X 10-11

R = 4500 Q.

Assuming the actual coil @ to be 25, this being a value which can easily
be attained in practice, the parallel resistance of the circuit would be:

25
116 X 4500 = 9700 Q.

In order to arrive at the required total parallel resistance of 4500 Q,
a grid leak of 8400 Q should be chosen in this case. The grid leaks of the
other stages can now be calculated in a similar way.

Referring once more to Fig. 3, it will be clear that in the case of large num-
bers of mutually detuned circuits the bandwidths of the outermost circuits
in the stagger diagram may become inconveniently small. This difficulty
can be avoided by using two or more identical staggered groups in cascade,
but this involves some loss of total gain. According to this method a five-
stage amplifier, i.e. with six tuned circuits, can be composed of 2 identical
groups of 3 circuits or of 3 groups of 2 circuits. If, however, the 3 db band-
width of each group is again chosen equal to the required total bandwidth
of the amplifier, the drop at the limits of the total pass band will be 6 db
when two identical groups are employed, and 9 db in the case of three groups
in cascade. It is therefore necessary to give each group a bandwidth greater
than the total bandwidth of the amplifier. The factors with which the re-
quired total bandwidth of the whole amplifier must be multiplied to obtain
the bandwidth of each group can be found in the following table.

Number of Number of identical groups
staggered
circuits in 1 2 3 4 5
each group
1 1 1.56 1.96 2.27 2.56
2 1 1.25 1.41 1.54 1.61
3 1 1.16 1.25 1.32 1.37
4 1 1.11 1.19 1.23
5 1 1.09 1.15
6 1 1.075 1.11
7 1 1.05
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From this table it appears that the required bandwidth of each group in-
creases with the number of groups employed. In an amplifier with six tuned
circuits, for example, the factor is 1 in the case of one staggered group,
1.16 for two identical groups of three circuits and 1.41 for three groups of
two staggered circuits. In the latter case when the total bandwidth of the
amplifier has to be 5 Mc/s each group must have a bandwidth of 7 Mc/s and,
since the product of gain and bandwidth is constant for a given type of
tube, the result will be a smaller gain.

It is interesting to note the difference in performance with regard to gain
between an amplifier employing circuits all tuned to the same frequency
and a stagger-tuned amplifier. The four-stage stagger-tuned amplifier of
Fig. 2 gives a gain of 10,000. In another four-stage amplifier, however, in
which the five circuits are all tuned to the same frequency, the bandwidth
of each individual circuit would have to be 2.56 times the required total
bandwidth. Whilst the gain per stage of the stagger-tuned amplifier was 10,
in the latter case this would be reduced to about 4, giving a total gain of
4* = 256.

The inclusion of traps for the suppression of the sound carrier and for ad-
jacent sound and picture signals will influence the shape of the response
curve of the I.F. amplifier. This will usually necessitate small corrections
of the tuning frequencies and dampings of the I.F. circuits when these are
determined according to the method represented in Figs. 3 and 4.

Also the sequence of the circuits will often be chosen differently, for various
reasons, although this does not influence the shape of the response curve.
The first stages of the picture I.F. amplifier are often also used to amplify
the I.F. sound signal, which is usually tapped off after the second I.F. stage.
Economies may then be effected in the design of the sound I.F. amplifier
by chosing the most favourable stagger frequencies with regard to sound
LF. amplification for the first stages of the picture I.F. amplifier. This,
however, often conflicts with the requirements of picture contrast control
and a compromise must then be sought.

The contrast of the television picture is normally adjusted by varying the
bias of the valves in the first stages of the receiver. Owing to unavoidable
oscillator-frequency shift the bias of the mixer stage must not be varied
and contrast control must therefore be achieved by varying the bias of the
R.F. stage and of the first two I.F. stages. Variation of the bias, however,
results in a variation AC; of the input capacitances of the valves and this
may upset the total response curve of the receiver. Therefore, those IL.F.
circuits from the stagger diagram having the largest bandwidths should be
used to precede those valves of which the grid bias is varied, as this keeps
the influence of the contrast control upon the total response curve as small
as possible. As may be seen from the curves given in Fig. 18, when the slope
of the valve is varied between 7.4 and 0.74 mA/V the variation in input
capacitance of the EF 80 is 1.95 pF. This variation may be inadmissible and
special methods are available to reduce this variation. A simple and efficient
form of AC; compensation is briefly described below.
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Compensation of input capacitance and resistance variation

To give a complete explanation of this method it would be necessary to
consider many effects, including those of lead inductances, stray capaci-
tances and transit time. The practical value of such an analysis is, however,
limited, as lead inductances and stray capacitances occurring in production
cannot be accurately predicted. The most favourable values of the components
for compensating the variation in input capacitance and resistance are there-
fore normally determined by experiment, but the main principles should,
of course, be understood.

In the basic circuit of Fig. 5 a non-bypassed resistor is included in the
cathode lead, C representing the capacitance between grid and cathode of
the valve. Due to electronic effects this capacitance varies with the bias.
In the cut-off condition C has a value of 7.2 pF, this gradually increasing
to about 9.8 pF when the grid bias is reduced to —2 V. In the first case
the effective capacitance measured across the input terminals is practically
7.2 pF, R having a low value compared with the reactance of C. In normal
operation, however, a voltage Vg occurs across the cathode resistor, so
that the voltage across C is reduced by the factor 1/(1 + SR), in which S
is the static mutual conductance of the valve. The object now is to keep the
charging current of C constant, so that the effective input capacitance of
C is also kept constant. In the above example the factor 1 4 SR should
therefore have a value 9.8/7.2 = 1.36, so that, since § is 7.4 mA/V, the
cathode resistor must have a value of 0.36/S = 49 Q.

This resistor would indeed be required for optimum compensation of the
input capacitance variation, but the result would
be that the effective mutual conductance of the
valve is reduced by a factor 1/1.36 = 0.74. A
lower value of R still giving adequate compen-
sation is therefore normally used, a practical
value for the EF 80 being 27 Q.

| The variation in effective input resistance is also
72238 reduced by the inclusion of a non-bypassed ca-

_ Fig. 5 thode resistor. At cut-off, when the input resis-
Basic circuit for the ¢ f the tube i hich. the i ¢ d X
compensation of input tance o the tube is very high, the input damping
capacitance variation.  caused by the current flowing through € and R

prevents the effective input resistance from

reaching a very high value. However, this addit-
ional damping is also present in normal operation, so that, although the
effective input resistance of the valve is somewhat increased by the
effect of the negative feedback, the total effective input resistance
measured across the input terminals will usually be slightly lower
than that which would be obtained without a non-bypassed cathode
resistor. This may be improved upon by shunting the cathode resistor by
a small capacitor having a value of 5 to 10 pF.
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2, The EF 80 as R.F. amplifier

As in all R.F. amplifiers, the connecting leads should be kept as short as
possible in order to minimize stray capacitance and self-inductance. The
lay-out should be such as to reduce the risk of feedback, a centre screen on
the valve holder connected to the chassis being an advantage.

Normally, common decoupling may be employed for anode and screen. If
trouble is experienced due to feedback through the anode-to-grid capacitance,
it may be profitable to use separate decoupling for anode and screen, as
this results in a lower effective feedback capacitance. At frequencies of 50
Mec/s and higher the effect of the input resistance of the valve becomes notice-
able. In order to obtain the highest value of input resistance the cathode
pins 1 and 3 should be interconnected.

In the frequency range from 100 Mec/s to 300 Mc/s the noise level due to
static and cosmic noise is very low. The use of a triode may therefore be
preferred at these frequencies.

3. The EF 80 as frequency changer
Fig. 6 shows a typical circuit for operation at the lower television carrier

frequencies, in which one EF 80 pentode is used as R.F. amplifier and the
other as self oscillating frequency changer.

L2 100pF

% ) 7251

Fig. 6
Front end for a television receiver with one EF 80
as R.F. amplifier and the other as self-oscillating
frequency changer.

047MO

.
=

The circuit of the R.F. stage is conventional in all respects. In this stage
the grid and anode circuits are tuned by means of iron-dust slugs in the in-
ductors, the tuning capacitances being formed by the valve and wiring capa-
citances. A variable bias for gain control is applied to the bottom of the
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grid circuit, a non-bypassed resistor, which may have a value of 27 Q, being
included in the cathode lead to reduce variations in input capacitance as a
result of the gain control. The bypass capacitors for the anode circuit and
the screen grid may have values of 1500 pF and should be of a type with
low inductance, for example ceramic capacitors. A suitable value for the
resistors in series with the H.T. supply is 1 kQ.

The signal at the anode of the R.F. valve is applied via a coupling capacitor
to a tap on the oscillator circuit. Since the oscillator circuit is so adjusted
that the oscillator voltage at the tap is a minimum, coupling between the
oscillator and the R.F. input is negligible, so that there is no ‘“pulling” of
oscillator frequency when tuning the R.F. circuit.

The oscillator coil L, is tapped at the centre, and the oscillator voltage
at this point is made a minimum by adjusting the capacitor C; connected
between the screen grid and earth. In practice it is possible to use a capacitor
of fixed value for C;.

The inductance of the oscillator coil should be small compared with that
cf the R.F. coil L, and this can be achieved by using a high @, high C os-
cillator circuit, and chosing the oscillator frequency higher than the signal
frequency.

The amplitude of the oscillation should be that which gives a direct voltage
in the order of 2.5 V across the oscillator grid resistor. This voltage can be
determined by measuring the oscillator grid current, which should be approxi-
mately 5 pA.

The input impedance of the frequency changer at carrier frequency is in-
herently low, mainly because the control grid is coupled to the screen.
Owing to the large bandwidth employed in television this is no disadvantage.
In receivers for F.M. broadcast reception, however, the required bandwidth
is much smaller and the input impedance may then be increased by using
a cathode capacitor C,, which will produce a negative component of input
resistance. The value of this capacitor can best be determined experimentally
by starting with, for example, 500 pF and reducing this progressively.
The shunt coil L;, which is required for connecting the cathode to the chassis
for D.C., should have a value of about one microhenry.

4. The EF 80 as video amplifier

The normal direct-view picture tube requires a maximum drive voltage of
about 60 V peak-to-peak, including the synchronizing signal, derived from
the video stage. This drive voltage can be delivered by an EF 80 operating
with cathode compensation, when the required bandwidth is not too large.
In the case of a projection tube, however, which requires a drive voltage
of about 100 V peak-to-peak, a considerably greater anode current swing
is required with the same anode load. A large bandwidth, normally involving
a low value for the load, also requires a greater anode current swing. It is
then advisable to use the PL 83 as video amplifier.

A suitable circuit with the EF 80 for driving a picture tube of the direct-
viewing type is given in Fig. 7. Under quiescent conditions the valve is
operated at an anode current of 6.5 mA and a screen-grid current of 1.8
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mA. For 60 V peak-to-peak output voltage an anode current swing of 9.4
mA is required. The gain of the stage is 12.

A series peaking coil of 145 uH shunted by 3.3 kQ resonates with the input
capacitance of the EF 80 at about 5 Mec/s, thus improving the response
at the high video frequencies. Moreover, I.F. frequencies are attenuated
by this series circuit. The shunt resistor is included to prevent overshoot.
It is assumed that the black level of the input signal is at chassis potential.
In this stage cathode compensation has been applied by shunting the cathode
resistor with a capacitor of 470 pF. At high frequencies the negative feedback
caused by the cathode resistor decreases as a result of the by-passing effect
of the capacitor, thus compensating the loss in gain due to parasitic capa-
citances in the anode circuit. This compensation is effective up to 3.5 Mc/s.

> +%:180V

100uH _/\
[ 1

+300-400V

E OJuF

= 72240

Fig. 7
The EF 80 as a video amplifier with cathode compensation.

A series peaking coil of 100 pH between the anode of the EF 80 and the
cathode of the picture tube extends the frequency characteristic to about
4.5 Mc/s. The self-capacitances of the compensating coils should be small,
and wave winding is therefore recommended.

The output signal of the video stage is applied to the synchronizing pulse
separator via a resistor of 10 k€, thus preventing an increase in the capa-
citance of the anode circuit. Since direct coupling is used between the EF
80 and the cathode of the picture tube, a positive variable potential can
be applied to the grid for the brightness control (0.5 MQ potentiometer). A
direct voltage of 300-400 V with respect to the chassis is required for the
second grid of the picture tube. In a receiver with a high-tension line voltage
of about 180 V, this voltage may be taken from the booster capacitor in
the line-output circuit.
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DATA OF THE EF 80

Heater data

Heating: indirect by A.C. or D.C,;

Heater voltage .
Heater current .

g3:
q1

kf f

Vi
L

Fig. 8
Base connections and dimensions of the EF 80 pentode.

Capacitances (measured on the cold valve)

Input capacitance .

Output capacitance .

Capacitance between anode and
control grid

Capacitance between anode and
cathode . .

Screen-grid capacwance .

Capacitance between screen grid
and control grid .

Capacitance between control
grid and heater .

Capacitance between heater and
cathode

Cp

a
Cam

Oak
Cos

Cazyl
Cyl!

ka

Operating characteristics as R.F, or LF. amplifier

Anode voltage . .
Suppressor-grid voltage .
Screen-grid voltage
Control-grid voltage .
Anode current .
Screen-grid current
Mutual conductance .
Internal resistance

28

Va
Vgs

I T T

170
0
170
—2
10
2.5
7.4
0.4

series or parallel supply

= 6.3V
= 0.3 A
max22

®

S

g

1
70279

Il

A A

A

ll

200

200
—2.55
10

2.6

7.1
0.55

7.5
3.3

0.007

0.012
5.4

2.6

0.15

pF
pF

pF

pF



Amplification factor between
screen grid and control grid

Equivalent noise resistance . .

Input damping at 50 Mec/s
(socket pins 1 and 3 inter-
connected)

Limiting values

Anode voltage at zero anode
current . .

Anode voltage .

Screen-grid voltage at zero
screen-grid current.

Screen-grid voltage .o

Control-grid current starting
point (grid current + 0.3 pA)

Heater voltage during the warm-
ing-up period

Voltage between heater and
cathode

Cathode current

Anode dissipation .

Screen-grid dissipation

External resistance between con-
trol grid and cathode,
with self bias .
with fixed bias

External resistance between
heater and cathode

f

I

I

max.
max.

max.
max.

max.

max.

maXx.

max.

max.
max.

max.
max.

max.

EF 80

50
1.2 kQ
15 kQ
550 V
300 V
550 V
300 V
—13V
9.5V
150 V
15 mA
25 W
0.7 W
1 MQ
0.5 MQ
20 kQ
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Fig. 24
As fig. 23 but for anode and
screen-grid voltages of 250 V.
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EB 91
The double diode EB 91

Deseription

The EB 91 is a 7-pin miniature
double diode with low internal re-
sistances, so that it is suitable for
use in circuits with low load resist-
ances. Each section has an inde-
pendent cathode, and an electro-
static screen is provided between
sections.

One diode section may be used as
vision demodulator, and the other
section for such functions as D.C.
restoration. In the sound channel
cf a receiver the EB 91 may also
be used as an F.M. demodulator,
for example in a ratio-detector cir-
cuit,.

Applieation

The most important application of
the EB 91 in a television receiver
is in the vision demodulator stage.
Fi Only one diode section is required
ig. 1 .
The double diode EB 91 (about actual 10T this purpose and the other sec-
size). tion can therefore be used as a D.C.
restorer. The polarity of the diode
used for demodulation depends upon
a number of factors, such as the type of transmission (either positive or
negative modulation may be used in the transmitter), the method of modu-
lating the spot brightness of the picture tube (the video signal may be applied
either to the cathode or to the grid of the picture tube) and the number cf
stages used for video amplification. Cathode modulation of the picture tube
is now almost exclusively employed and, in the case of a direct-viewing tube,
one stage of video amplification will usually be employed for systems operat-
ing with 4035, 441, 525 and 625 lines.
In the 625-line system the modulation is negative, which means that the
carrier amplitude is maximum during the synchronizing pulses. A signal
of the polarity shown in Fig. 2 is therefore required at the cathode of the
picture tube, whilst the signal at the grid of the video amplifying tube should
have a polarity as shown in Fig. 3. It can therefore be seen that the polarity
of the diode should be as illustrated in Fig. 4, in which the voltage across
the lcad is also represented.
This signal would be directly suitable for the excitation of the video ampli-
fying valve, provided the voltage at the dotted line (black level) in Fig. 4
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0 —et

Fig. 2

Polarity of the signal required at the

cathode of the picture tube.

is equal to the required standing
bias. This is not normally the case
and since, moreover, in the absence
of a signal, the video amplifying
tube would operate without any
bias, a separate bias voltage is ap-
plied either by the inclusion of a
cathode resistor or by a fixed grid
voltage.

It is then necessary to apply D.C.
restoration, so that the black level
of the complete signal of Fig. 4
coincides with the standing bias of

the video valve. For this purpose the re-
maining section of the EB 91 can be used.
Fig. 5 gives the complete circuit of the EB
91 used as vision demodulator (diode section
IT) and as D.C. restorer (diode section I).
The potential of the whole circuit with res-
pect to the chassis is —V,, which is the
fixed bias for the video amplifying valve.
The bias line is normally decoupled by an
electrolytic capacitor of about 100 uF,
whilst the internal resistance of the bias
source is low, so that the potential of point
A may be regarded as a fixed reference. It
is therefore necessary to add to the signal
appearing at R; + L, a voltage correspond-
ing to the black level. This voltage is ob-
tained by rectifying the I.F. signal with the
diode section I. The operation of this diode
needs some further explanation.

It will be clear that the voltage supplied
by the restorer must be free from modula-
tion, whilst the load on the preceding I.F.
circuit should be low so as to avoid undue
damping. A load circuit with a long time

Signal at the conbrol grid of
the single video stage.

constant and a high resistance
should therefore be used. This

Fig. 4

Connection of the detector diode and the
voltage across the load resistor.

40

implies that the detection effi-
ciency of the restorer diode will
be considerably greater than that
cf the detector diode, which has
a load of only 3.9 kQ. For aver-
age picture contrast and with
one stage of video amplification,
the LF. signal required at the
cathodes of the EB 91 is about



EB 91

2 V,mg during the synchronizing pulses. This I.F. signal will give rise to
a voltage across the detector load R; of about —1.4 V also during the syn-
chronizing pulses, which corresponds to a black level of 0.75 X (—1.4) =
—1.05 V. An equal voltage of opposite polarity must therefore be delivered
by the restorer diode. If R, is short-circuited a constant direct voltage of
2.8 V, corresponding to the peaks of the synchronizing pulses, arises across
R,. The efficiency of the restorer circuit is now reduced by means of R,
to such an extent that the voltage across R, becomes 1.05 V, as required.
It will be noticed that the time constants of R,C; and R,C; have been so
chosen as to differ considerably. This has been done intentionally, so as to

EF 80 " EBYIT PLE3
t
1
gl La=00eH
&
56pF t:lé’
— C4=
_ § 10pF
TT B00pE LT L0wrF 5
T Ay
= " = = 7224

Fig. 5
Detector and D.C. restorer circuit employing the double diode EB 91.

prevent variations in the restorer voltage across R, during short interference
pulses, such as arise from car ignition and telephone dialling. With this
circuit, the voltage across R, does not change appreciably during a short
interference pulse; the increase in rectified voltage occurring across R,
which together with C) has a low time constant. Therefore, at the end of
the interference pulse the restorer circuit quickly resumes normal operation,
whereas with a high time constant of the total load the increase in rectified
voltage and the resultant increase in picture brightness would persist for
some considerable time.

In the load of the diode section II (fig. 5) a shunt peaking coil L; of 100
#H is included to compensate the effect of the shunt capacitor C, and the
wiring capacitance upon the frequency response. For the same reason a
series peaking coil L, of 60 pH is connected in series with the input of the
video amplifying valve. This coil resonates with the input and wiring capa-
citance of the PL 83 at a frequency of about 5 Mc/s, thus improving the
response at the high end of the video frequency band whilst I.F. signals
are attenuated. Damped oscillations modulating the picture brightness
would, however, occur after each rapid change in signal level if this resonant
circuit were not adequately damped. A damping resistor R, of 3.3 kQ is
therefore connected across L.
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EB 91
DATA OF THE EB 91
Heater data

Heating: indirect by A.C. or D.C.; series or parallel supply

Heater voltage . . . . . . V, = 63V
Heater current . . . . . . I, = 03 A
§ O
atldz
2]
g 3
8 3
g S
o Lm-ﬂ-m' ‘
kY Fk2 ax 19, | 70207

Fig. 6
Base connections and dimensions of the EB 91.

Capacitanees (measured on the cold valve; with external screen)

Between anode of diode I and

all others . . . Ca = 3.0 pF
Between anode of dlode II and

all others . . . .o Oy = 3.0 pF
Between the two anodes v Caae < 0.026 pF
Between cathode of diode I and

all others . . Cra = 3.5 pF
Between cathode of dlode II

and all others . . . . . (j, = 3.5 pF
Limiting values (each section)
Inverse anode voltage . . . V ginvp = max.420 V
Average anode current . . . I4 = max. 9 mA
Peak anode current . . 1, = max. 54 mA
Voltage between heater and

cathode . . Vi = max. 150 V
Peak voltage between heater

and cathode . . . . . . Vp4 = max. 330 V1)

1) Cathode positive with respect to heater.
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EB 91

External resistance between

heater and cathode . . . Rp = max. 20 kQ1)
Heater vcltage during the warm-
ing-up period. . . . . . V; = max. 95V

Limiting values of each section for use as reectifier

Supply voltage . . . . . . Vir = max. 150 V4
Average anode current . . . I, = max. Y mA
Reservoir capacitor . . Crint = max. 8 pF
Internal resistance of supply Ry = min. 360 Q
Peak voltage between heater

and cathode . . . . . . Vi =: max. 330 V?)

1) If a high undecoupled resistance between heater and cathode must be
used it may be advisable, in order to avoid hum, to reduce the heater voltage
to about 5 V.

2) Cathode positive with respect to the heater.
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PL 83
The video output pentode PL 83

Deseription

The PL 83 is a pentode on the
Noval base intended for use as the
video output valve in television re-
ceivers. At a screen-grid voltage of
only 170 V a considerable anode
current swing can be obtained, so
that the anode load resistance can
be kept low thus simplifying high-
frequency compensation. The PL 83
can therefore be used in cases where
the EF 80 would be inadequate. It
should be pointed out that the EF
80 has been specially designed for
use as an R.F. or IL.F. amplifier.
Important features of the PL 83
are its high mutual conductance
and small internal capacitances.
Special attention has been paid to
the mechanical design so as to pro-
duce a robust and rigid assembly,
which minimizes the risk of micro-

phony.

Application

1. The PL 83 as video amplifier

Fig. 1 3
The video output pentode PL 83 with cathode compensation
(about actual size). A circuit of a video output stage

employing the PL 83 with cathode
compensation and a high-tension line voltage cf 180 V is represented in Fig.
2. Compared with anode compensation by means of a shunt peaking coil,
cathode compensation has the advantage that it permits of a simple and
inexpensive circuit lay-out. Owing to the negative feedback, however, the
gain of a cathode-compensated stage is usually lower.
In the circuit of Fig. 2 it is assumed that the total capacitance in the anode
circuit of the PL 83 is 35 pF. With a cathode resistor of 470 Q and an anode
load of 5 kQ the capacitor shunting the cathode resistor should have a
value of 390 pF, thus providing equal time constants in the anode and in
the cathode circuit. A 3 db drop in frequency response occurs at about 5
Mec/s when the signal is applied directly to the control grid of the PL 83.
Under static conditions with ¥V, = —5.6 V the anode current is 10.5 mA
and the screen-grid current 1.4 mA. The gain of the stage is 7.5 and, if the
black level of the input signal is at chassis potential, a peak video output
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PL 83

voltage of 80 V, excluding synchronizing pulses can be obtained at the
anode. This signal is ample for driving any direct-viewing picture tube and
also sufficient for the projection tube type MW 6-2.

The video output valve also provides the signal for the synchronizing pulse
separator. The complete signal is applied via a resistor of 10 kQ to the se-
parator, the resistor being included to prevent an increase of the total
anode capacitance of the video output stage.

> + 1}, =180V

DL,

<
3
g
o~
Yy
< Sync +300— 400V
§ .
3 0uF
= = 72245
Fig. 2
The PL 83 as video amplifier with cathode
compensation.

2. The PL 83 as video amplifier with anode ecompensation

Fig. 3 gives a circuit employing the PL 83 with anode compensation. The
high-tension line voltage is 180 V and the circuit is suitable for driving
any direct-viewing picture tube cr a projection tube.

The series peaking coils in the control-grid circuit of the PL 83 and in the
cathode of the picture tube are shunted by damping resistors in order to
prevent overshoot.

The anode current under static conditions is 11 mA and the screen-grid
current 1.5 mA when the grid bias is —5.6 V. If the black level of the input
signal is at chassis potential a peak output voltage of about 100 V can be
delivered, whilst the gain is 25. This gain is substantially higher than that of
a stage with cathode compensation, but, on the other hand, anode compen-
sation is more complicated. In order to obtain a bandwidth of 5 Mc/s, com-
bined series and shunt peaking is required in the anode circuit.

A cathode resistor is not used in the circuit of Fig. 3, so that it is necessary
to apply a fixed grid bias, which can be done as indicated in Fig. 5 on page
41 (description cf EB 91).

When the PL 83 is used as represented in Fig. 3 one stage of video amplifi-
cation between the detector and the picture tube will normally provide
sufficient video amplification. In a stage with cathode compensation, how-
ever, the required input signal is so large that a preamplifier must be used.
This is due to the fact that the output signal of the last I.F. stage cannot
exceed a certain value without causing distortion and this, of course, imposes
a limit upon the undistorted signal available at the detector load.
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Fig. 3

The PL 83 as video ampl.ifier with anode compen-
sation. The stopper resistor in the screen-grid lead
should not be higher than 33 Q.

Heater data

DATA OF THE PL 83

Heating: indirect by A.C. or D.C.; series supply

Heater voltage .
Heater current .

g3
ql

g2

kKf f
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Fig. 4
Base connections and dimensions of the PL 83.
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Capacitances (measured on the cold valve)

Input capacitance . . . . . Cy
Output capacitance . . C,
Capacitance between anode and
control grid . . Cag
Capacitance between heater and
control grid . . . . . . Cyy

Typical characteristies

Anode voltage . A 4
Suppressor-grid voltage . . . Vg
Screen-grid voltage . V
Control-grid voltage . |4

[
o

Anode current . 1,
Screen-grid current I,
Mutual conductance . S
Internal resistance R

-

Amplification factor between
screen grid and control grid — pgey

Limiting values

Anode voltage at zero anode
current . . V
Anode voltage . vV
Screen-grid voltage at zero
screen-grid current. . . . V
Screen-grid voltage |4
Grid current starting point (grld
current 4 0.3 pA) . . 14
Heater voltage during warm-

ing-up period . . . . v,
Voltage between heater and ca-

thode . . . e e V/k
Cathode current . . . . . I
Anode dissipation . . . . . W,
Screen-grid dissipation . . . Wy

External resistance between
control grid and cathode,

with fixed bias . . . Ry

with automatic bias . . . Ry
External resistance between

heater and cathode . . . Ry

(|

W

Il

ol

ol

1

I

[l

170
170
—2.3
36

10.5
0.1

24

PL 83

= 10.4 pF
= 6.6 pF
= < 0.1 pF
= < 0.15 pF
200 V
oV
200 V
—35V
36 mA
5 mA
10.5 mA/V
0.1 MQ
24
max. 550 V
max. 250 V
max. 550 V
max. 250 V
max. —1.3 V
max. 225V
max. 150 V
max. 70 mA
max. 9 W
max. 2 W
max. 0.5 MQ
max. 1 MQ
max. 20 kQ
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Anode current and screen-grid current plotted against anode voltage for
screen-grid voltage of 200 V, with control-grid voltage as parameter.
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Minimum permissible anode load resistance plotted against supply and screen-
grid voltage.
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MW 36-44
The direct-viewing picture tube MW 36-44

Fig. 1
The picture tube MW 36-44.

Deseription

The MW 36-44 is a direct-viewing picture tube the screen of which, in
contrast to earlier tubes, has a rectangular shape with slightly rounded
corners. The height-width ratio of the screen corresponds to the C.C.I.R.
standards, in which a ratio of 3 to 4 is prescribed. The colour of the emitted
light is white and the minimum useful dimensions of the screen are 21.7
X 28.8 cm, the corners being rounded with a radius of 5.5 cm.

The glass face of the tube has a neutral grey colour, which results in improved
picture contrast, particularly under conditions of ambient illumination. In
a tube with a clear glass face, ambient light is reflected also from dark parts
of the picture, so that the contrast is reduced. In the grey glass face used in
the MW 36-44, however, 339, of the light is lost during transmission. This
is, of course, also the case for the light emitted by the fluorescent screen,
but the ambient light must pass the tinted glass face twice, resulting in a
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reduction of the intensity of 509,. The loss of contrast under ambient illu-
mination is therefore much smaller with a tube having a grey glass face than
with one having a faceplate made of clear glass.

The MW 36-44 is designed for magnetic focusing and deflection of the elec-
tron beam. The deflection angle corresponding to the full width of the screen
is 65°. The large deflection angle has made it possible to reduce the total
length of the tube, so that a cabinet having a comparatively shallow depth
can be used.

A large part of the outside of the cone is covered by a conductive coating,
which should be connected to the chassis of the receiver. This coating
screens the tube against external electrostatic fields, whilst electromagnetic
radiation by the electron beam is reduced. The capacitance between this
outer coating and a conductive layer connected to the anode on the inside
of the cone can be used as reservoir capacitor for the E.H.T. supply.
The most outstanding feature of this tube is that it incorporates an electron
optical system of novel design, with which very uniform picture quality
over the entire screen area can be obtained. For this purpose an additional
clectrode preceding the anode has been built in, so that the entire gun now
comprises a heater-cathode assembly, a first grid for modulating the intensity
of the electron beam, a second grid, a third grid and an anode.

With the potential on the third grid (g;) the width of the electron beam
can be varied. When this electrode is connected to the cathode a very small
beamwidth is obtained, the width of the beam increasing with increasing
positive potential on the third grid (see Fig. 2). Compared with a picture
tube having an electron gun of earlier construction, i.e. without g,, the beam-
width of the MW 36-44 is 129, smaller when g, has a positive potential of
400 V and 509, smaller when this electrode is connected to the cathode.
The beamwidth as shown in Fig. 2 has been measured on the screen, without
focusing and deflection fields being applied.

Fig. 2 also shows the relative diameter of the focused luminous spot on the
centre of the screen, plotted against the potential on the third grid. For this
measurement use has been made of a point raster and it is seen that the dia-
meter of the spot decreases with increasing potential on g5, i.e. with increasing
beamwidth.

When in a conventional tube the picture is focused on the centre of the
screen it may be observed that the definition gradually decreases towards
the corners of the screen. This is caused by a variation in beam length
when the beam is deflected across the screen, so that in the corners the
point at which the beam has the smallest diameter no longer coincides with
the screen surface and by the non uniformity of the deflecting field. A
considerable improvement can be obtained in this respect by decreasing
the beamwidth, but according to Fig. 2 this would lead to a loss of definition
in the centre of the picture. In the MW 36-24, however, the electron gun
has been so designed that, compared with previous picture tubes, the dia-
meter of the spot in the centre of the picture is decreased, provided the same
beamwidth is used. It is then possible to decrease the beamwidth by means
of g; and to maintain ample definition in the centre of the screen. At the
same time deflection defocusing is reduced, so that a picture of substantially
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uniform definition is obtained over the entire screen area. This effect is
most pronounced when the third grid is connected to the cathode. When,
however, very high definition is required in the centre of the screen the
third grid may be given a positive potential of, for example, 250 V. In the
latter case, of course, deflection defocusing becomes again noticeable.

72502 120
MW36-44 5-5-"53 ] T T T T T T TTT]
R
- a=l00pA - ds %)
®»
~N
’ {10
N s 2000 ’
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db . ] i . 4y
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~ ~£9‘ [
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N i ,’209\/'4’
BEEPC B> aifine= N Fig. 2
10 L R 40 Beamwidth (dp) measur-
ed on the screen and re-
lative spot diameter (ds)
plotted against the
F third-grid potential,
ST 20 with the second-grid
potential as parameter.
] The beamwidth is
] N measured without focus-
NN 7 ; ing and deflection fields.
ot H T A HBEHF ] - o
0 700 200 300 Vg3 (V) 400

It is thus seen that with the MW 36-44 it is possible to choose between
uniform picture quality with ample definition over the entire screen area,
and a very high definition in the centre which gradually decreases towards
the corners. According to particular requirements any compromise between
these two adjustments can be obtained by choosing the potential at g,.
From the description given above it may be deduced that the third grid
exerts a prefocusing action on the electron beam, so that when the beam
enters the main magnetic focusing field the divergence is smaller than in the
case of former electron gun constructions. This means that the magnetic
field required for focusing the beam on the screen is slightly smaller. For
focusing and deflection the unit AT 1002 can be used.
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As already indicated, the MW 36-44 is provided with an ion-trap which
prevents the occurrence of ion burn on the screen. This ion trap is of the
bent-gun type and an external magnet, Type 55402, giving a field strength
of 60 gauss is required. The cathode of a picture tube emits not only electrons
but also a beam of negative ions. These ions have a very much greater mass
than the electrons and are far less sensitive to magnetic deflection fields.
The result is that in a conventional picture tube without ion trap the centre
of the screen is continually subjected to bombardment by the heavy ions,
and this eventually leads to discoloration of that part of the screen. In the
MW 36-44 both the electron and the ion beams leave the cathode at a small
angle to the tube axis. On the neck of the tube, at a position to be indicated
later, is placed a small magnet. Since the electron beam is very sensitive
to a magnetic field it is deflected along the axis of the tube and passes
normally to the screen. The ions, however, which are far less sensitive to
any magnetic field, are not deflected to any appreciable extent, and thus
continue on a line at an angle to the tube axis and are finally captured
by the anode. In this way the ions are prevented from reaching the screen.
The following procedure should be adopted for adjusting the position of
the magnet:

1. With the voltage supplies to the tube switched off and the base socket
removed; slip the magnet
over the tube base with T
the arrow pointing away
from the screen, see Fig. 3. (&<:j
The magnet should be in :
line with the vacant po- @
sition for pin Nr. 9 (see Fig. 3
Fig. 5). Adjust the magnet Position of the ion-trap magnet on the
so that it is only slightly neck of the picture tube.
in advance of the tube base.

2. Fit the socket to the tube. Switch on the voltage supplies and adjust
the brightness control and, if necessary, the position of the magnet until
the raster is just visible. The adjustment is best carried out with a
stationary test pattern on the screen.

3. Move the magnet towards the screen, without rotating it around the
tube axis, until the focused raster attains maximum brightness. The
brightness may now be adjusted to give the correct level for the peak
white portions of the image and, if necessary, the position of the magnet
should be slightly readjusted to obtain maximum brilliance.

4. If the raster cannot be centered by adjusting the position of the focus
field, the magnet should now be rotated slightly in order to assist in
centering, provided that this does not cause any decrease in brilliance.

5. When optimum conditions are obtained, the magnet should be clamped
in position by means of the thumb screw, taking care not to alter the
position of the magnet.

6. If a position of adequate brilliance cannot be obtained another magnet
should be tried.
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Notes

a. The ion trap magnet must always be in the position which gives maximum
picture brightness.

b. The magnet should never be adjusted to remove a shadow from the raster
if by so doing the brightness of the image is decreased. In such cases the
shadow should be eliminated by adjusting the position of the focusing
coil and/or deflection coils.

c. Incorrect adjustment of the magnet may result in the production of
circular areas of discoloration on the screen, even though the negative
ions have been efficiently trapped. This is due to bombardment of the
edge of the aperture of the anode by the incorrectly centred electron
beam, as a result of which the metal of the diaphragm is vaporized and
deposited on the screen.

d. Finally, the ion trap magnet should be handled with reasonable care,
because if it is subjeccted to very strong magnetic fields or mechanical
shocks its magnetism may be partially lost.

Applieation

The installation of a tube having large dimensions and operating with a
high supply voltage calls for a few special precautions which will be briefly
discussed in the following paragraphs. Other important points in connection
with the use of a picture tube are the generation of sawtooth currents for
the deflection, and the E.H.T. supply. Circuits for deflection and E.H.T.
are, however, discussed in the descriptions of the ECL 80, the PL 82 and
the PL 81.

In designing a receiver cabinet in which the MW 36-44 is to be used it should
be borne in mind that the main support of the tube should be placed around
the large end of the cone close to the tube face. In order to avoid local strain
on the glass the support should be lined on the inside with a soft flexible
material such as felt, rubber or plastic.

The neck of the tube must be supported by the deflection yoke, which
should therefore have an independent support on the receiver chassis. The
deflection and focusing coil assembly should never be supported by the
neck of the tube, as this may lead to breakage when the receiver is subjected
to shocks. The tube socket should be allowed to move frecely and flexible
leads should be used for the wiring.

The reference line indicated in the demensional drawing, Fig. 5, is determined
by the upper edge of the reference line gauge, the dimensions of which are
given in Fig. 6. Various dimensions are given in Fig. 5 with the reference
line as the datum line. In order to prevent the electron beam from being
intercepted at maximum deflection by the neck of the tube, the distance
between the reference line and the centre of deflection must be kept below
29 mm. Correct location of the deflection coils can therefore be ensured
most conveniently by giving the inside contour of the yoke the same dimen-
sions and shape as that of the reference line gauge.
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The total length of the deflection and focusing assembly may not exceed
a certain value (see note 3 in Fig. 5), as otherwise the space available for
the adjustment of the ion-trap magnet would be too small.

Adequate provision should be made to hold the deflection yoke firmly
against the cone of the tube, but it should be possible to rotate the yoke
over a few degrees around the tube axis for registering the raster on the
screen.

As with all other picture tubes for television, the MW 36-44 is highly eva-
cuated and may, in the event of breakage, result in injury from splintered
glass. The tube should therefore be handled with the utmost care and not
be subjected to shccks or vibration. In this connection it is advisable to
use a shatter-proof, transparent cover in the receiver cabinet in front of
the screen and to provide sufficient distance between screen and cover to
obtain air cushioning.

High voltages are used to operate this tube. The utmost care should therefore
be exercised to avoid accidental contact with terminals and leads carrying
a high potential. These should be adequately insulated. The external con-
ductive coating must be connected to the chassis, otherwise it may attain
a high potential and become a source of danger. For this reason it is not
permissible to use this tube as a replacement for an uncoated tube unless
provision is made to connect the coating to the chassis. Contact between
the coating and chassis can conveniently be made by means of a resilient
strip mounted on the chassis and resting with a slight pressure against the
cone of the tube.

The driving voltage for the MW 36-44 may be applied either to the cathode
or to the grid. When driving on the grid the circuit design should be such
that the instantaneous potential of the grid with respect to the cathode
remains between the limits of 4+ 2 V and —150 V. The external impedance
between grid and cathode must not exceed 0.5 MQ. Cathode drive may
also be used, when an additional limiting factor is the maximum permissible
voltage between heater and cathode. During the warming-up period, not
exceeding 45 seconds, the maximum permissible voltage is 410 V, provided
the heater- the cathode is 