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PREFACE

W ithin the space of a mere fourteen years, television has developed from a scien-
tific toy to a public service which daily provides entertainment and instruction to
hundreds of thousands of people on both sides of the Atlantic.

The scepticism which originally prevailed concerning the possibility of exploiting
the new art has given place to complete confidence in both technical and commer-
cial circles, and television now supports a thriving industry which is assured, by
plans alveady well advanced, of rapid growth and development not only in Great
Britain and in the U.S.A. but also in countries which, so far, have not instituted a
television service. '

Many problems had to be solved beforz television could be brought to its present
state of perfection at which, from the technical point of view, mass popularity can
be assured. But mass popularity depends not only upon technical perfection but
also upon the availability of receivers of good performance at low cost. The pro-
duction of such equipment is, of course, the task of the setmaker.

[n the design of high-quality television receivers, the tubes employed play an im-
portant part. Tubes originally produced for normal broadcast reception, how-
ever efficient they may be for that purpose, are not necessarily the most suitable
for television reception. Indeed, such have been recent developments that it is
safe 1o say that unless tubes which have been specially developed for television
service are employed, receivers of the highest performance combined with low
cost cannot be realized.

Setmakers will find in this publication details of a number of new tubes, all of
which meet the highest requirements. In their design, electrical properties con-
sistent with the best performance of their various functions has been the prime
consideration, and the tubes are therefore suitable for use in equipment even in

the highest price class.

At the same time adaptability to receivers of low cost has not been overlooked.
For example, adoption of the so-called "DCIAC" technique makes possible sub-
stantial economies in the dimensions, weight and cost of the equipment, since a
heavy and expensive mains transformer is rendered unnecessary.

Buased upon the latest practice in tube design, and produced in the Noval cxecu-
tion, the new tubes combine the highest electrical performance with very compact
size — even in the case of the power types such as the line output tube.

On all counts, therefore, the tubes represent an important contribution to modern
television receiver technigue.
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INTRODUCTION

The special Bulletin (E.Z. 3307 E 3/50), dealing
with the characteristics and the application of
television receiving tubes, published in the spring
of 1950, has aroused considerable interest. Since
then the spectacular development of television
receiver technique has continued and it has become
necessary to edit a new and much revised Bulletin
in which several new types of receiving tubes are
included. This Bulletin, therefore, gives character-
istics and application notes on the following range
of tubes from which a suitable type can be chosen
for every possible function in a modern television
receiver. ')

PL 81 (21A6) Line-output pentode:; Noval base.
PY 80 Booster diode: Noval base.

PY 82 Mains rectifier: Noval base.

EY 51 (6X2) High-voltage half-wave rectifier;

wire connections.

Before describing in detail each of the new tubes
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 parts of a television
receiver is represented in fig. 1. In this diagram

the appropriate types are indicated for each fune-
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PEm—————————— Frame Line EHT
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66295

Fig. 1. Block diagram of a typical television receiver.

ECC 81 (12AT7) Double triode for R.F. amplifica-

tion or frequency changing: Noval

base.
EF 80 (6BX6) R.F. pentode: Noval base.
EB 91 (6AL5) Doublediode; miniature 7-pin base.
PL 83 (15A6) Video output pentode; Noval base.
PL 82 Output pentode, frame or sound:

Noval base.
ECL 80 (6AB8) Multi-purpose triode-pentode:
Noval base.

") The deflection circuits described in this Bulletin are
based upon the use of a narrow-angle picture tube. A Bulletin
giving circuits for wide-angle deflection will be available
shortly.
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tion and it is seen that often more than one type is
available for one specific application. This is
further elucidated in the following notes.

Front end

In the so-called low band from 40 to 70 Mc/s the
EF 80 can be used for R.F. amplification and for
frequency changing. In the high band from 174 io
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 tube, but the
EF 80 is also suitable at these frequencies, especially
in more simple receivers where the maximum of
sensitivity is not required.
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Picture LF.

According to the sensitivity aimed at in the
design, four or three stages of picture LF. ampli-
fication preceding the video detector will normally
be used. The tube for this application is the EF 80.

Video detection and D.C. restoration

For this application the double diode EB 91 is
available. The cathodes of this tube are separate,
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 in-
dicated 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 bandwidth or, alter-
natively, a larger bandwidth at a given maximum
output voltage. For systems with the higher defini-
tion 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 amplification
between the input of the EF 80 and the control
electrode of the picture tube should be kept
below 25.

Sound LF.

In the conventional arrangement where the sound
LF. is tapped off from the picture LF. amplifier,
two stages of amplification equipped with EF 80
will normally be required preceding the F.M. de-
lector. In a receiver with intercarrier sound one
stage of sound LF. with the EF 80 will be sufficient,
whilst, depending upon the detector system em-
ploved, it will sometimes be possible to dispense
with separate sound LF. amplification.

Sound detection

For this application the special F.M. detector
and limiter tube, type EQ 807'), is available. In
other detector syvstems operating with a double

diode, the EB 91 may be used.

Sound output

Two different types are available for this appli-
cation. The peniode 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

1) This tube is described in another Bulletin in this series,
No. 20/62/3500 E 11/50. dealing with F.M. reception.

a low A.F. output some pre-amplification preceding
the output stage is required. The use of the ECL 80
has the advantage that its triode section can be
used for this purpose. If a higher output is required
the pentode PL 82 can be used, which 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.

Syne. separation and amplification

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

sync. 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 penthode as frame output tube.
The pentode section can provide sufficient peak
anode current in all cases where a narrow-angle
picture tube is used. With double-D scanning, which
involves a higher E.H.T. voltage for the picture
tube, it will be necessary to feed the anode of the
pentade section from the boosted high tension in
the line output circuit. For all other applications
where a higher peak anode current than the ECL 80
can deliver is required, in particular with wide-
angle picture tubes, the output pentode PL 62 can

be used.

Line deflection

In the oscillator section of this part 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 a high
anode insulation and which is capable of delivering
a high peak anode current is the PL 81. This pen-
tode will normally be used in combination with the
booster diode PY 80, in a circuit for increasing the
efficiency of the output stage and for improving
the linearity of the scan. Details of this circuit are
given in the application notes on the PL 81.

E.H.T. rectifier

In modern television receivers the E.H.T. is
normally obtained by rectifying the flyback pulses
in the line circuit. A special diode of the wire-in
type for this application is the EY 51. The heater

7




wattage of the EY 51 is only 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 a simple receiver one tube is sufficient, whilst
in a more elaborate design two tubes are required.

From the above notes it may be seen that the
range of television tubes presented in this Bulletin
covers all possible functions likely to be encountered
in a receiver. For several functions more than one
type is available, so that a suitable tube lay-out can
always be found for any television standard now in
use, whilst in the tube characteristics there is ample
reserve to cover possible future developments.

In recent years the setmaking industries have
contributed much towards reducing the cost, size
and weight of receivers, for instance by the in-
troduction of the transformerless technique. In such
a receiver the heaters of the tubes must be con-
nected in series. For this reason the range of re-
ceiving tubes presented here has been designed for
series operation of the heaters, the heater current
being 0.3 A. Of the PL 81, the PL 83 and the PY 80,
having a heater voltage greater than 6.3V, equi-
valent E-types are also available.

The adoption of a heater current of 0.3 A is a
deviation from the conventional practice with
broadcasting tubes, where a heater current of 0.1 A
is used. There are, however, some 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 own series resistor, and this, of course,
would be a more expensive arrangement. With tubes
having a heater current of 0.3 A, in the majority of
cases one single heater chain suffices and conse-
quently 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 tubes in this range
for a heater voltage of 6.3 V, so that these types are
suitable for both series and parallel operation.

There are, of course, 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, at the higher
mains voltages one heater chain will be employed,
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
required, whilst the high tension may be obtained
either by direct rectification from the mains or by
the inclusion of « comparatively small auto-trans-
former between rectifier and mains. Some special
points of interest relating to series operation of
heaters in a television receiver remain to be dis-
cussed.

The tubes described in this Bulletin have been so
designed as to have a very favourable heater-cathode
insulation. There is, however, always inevitable
capacitance between the heater and the other
electrodes, particularly the cathode, and this may
result in objectionable hum interference if the
position in the heater chain of the particular tube
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 there-
fore advisable to choose ihe 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 tubes not likely to cause hum inter-
ference, 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
are encountered hetween 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, the following safety mecasure
should always be included to prevent temporary
overheating of the cathodes of some of the tubes:
When the set is switched on the heater voltage of
those tubes having the lowest heater wattage —
which implies a low thermal inertia — will tem-
porarily exceed the rated value, and this tends to
reduce the useful life of these tubes. 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 is governed by the thermal inertia of
the NTC resistor.
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R.F. DOUBLE TRIODE ECC 81

DESCRIPTION

The ECC81 is a double triode on Noval base,
intended primarily for use as oscillator-mixer and
as R.F. amplifier in television receivers. A centre-

tapped heater is employed, giving alternative

ratings of 6.3 V, 0.3 A and 12.6 V, 0.15 A.

Fig. 2. The double triode ECC 81.

The higher performance of a triode compared
with a pentode in the frequency range from
100 Me's to 300 Mec/s is well known and the pro-
vision of two high-quality triodes with separate
cathodes in a single envelope ensures maximum
circuit economy and flexibility. This double triode
is suitable for all the radio-frequency stages in a
receiver, i.e. R.F. amplifiers, mixers and local
oscillators.

The electrical characteristics of the tube have
been designed to meet the combined requirements
of an efficient amplifier and a general-purpose
radio-frequency triode. The interelectrode capa-
citances have therefore been kept low and the slope
and the amplification factor fairly high.

APPLICATION
1. THE ECC81 AS R.F. AMPLIFIER

In the 100 Me's to 300 Me s frequency bands the
noise level due io static and cosmic noise is very
low, but full advantage of these favourable con-
ditions can only be gained when the receiver noise
level is reduced te¢ a minimum. This can be done by
using triodes in the R.F. amplifier and mixer stages.

A triode can be connected in three ways —
grounded grid, grounded cathede and grounded
anode. The theoretical noise factors for the three
circuits are very similar but the terminal impedan-
ces are different and in practice it has been found
that the grounded-grid and grounded-cathode cir-
cuits give the best results.

The grounded-grid circuit has been widely used
as a single-stage amplifier, since the grid forms an
effective screen between input and output circuits
and reduces regenerative feedback to a tolerable
level.

A single grounded-cathode stage can be used but
neutralization of the feedback impedance between
anode and grid is difficult, especially when the
circuit has to operate over a range of frequencies.
However, when the grounded-cathode stage is
followed by a grounded-grid amplifier the voltage
cain of the first stage is approximately unity and
neutralization can be accomplished in a simple way.
This cascade combination of two triodes has an
overall stability and voltage gain as good as those
of an equivalent pentode but with the lower noise
factor of a triode. Using an ECC 81, this circuit can
be constructed with one tube.

In some receivers it may be advantageous to use
a balanced push-pull circuit and then again the
ECC 81 is eminently suitable. The receiver designer
is therefore able to choose any one of a number of

circuits according to individual requirements.

Grounded grid

A typical grounded-grid circuit is shown in fig. 3.
This circuit is essentially a feedback amplifier, as
the output current flows through the input circuit.
The input impedance due to feedback is (R; + R,)/
(n+ 1), where R, is the resonant anode load

9




ECC 81

resistance. For values of R, which are small
compared with R;, this expression reduces to 1/S,
which is about 200 Q@ for the ECC 81. The input
impedance is therefore very low and the voltage
gain in the aerial circuit L, is small, but on the
other hand the bandwidth is very large and over
a very wide range of frequencies no tuning is
necessary. The cathode coil L, can be used to match
directly to an unbalanced feeder by means of a
suitable tap, or it may be replaced by a balance-to-

unbalance transformer to match a balanced fseder.

—+l
2L
ECCet ! =
|
|
I
|
L :#:Cg ;CS
~H8L |
C :
|
C2 Ry :
W 1 o 64277

Fig. 3. One section of the ECC 81 as a grounded-grid
amplifier.

An auto-transformer may be used for the output
coupling but at the higher frequencies a =-filter
is more convenient. The input capacitance of ihis
filter C, is the output capacitance of the tube. The
capacitance (; is adjusted to give impedance match-
ing to the subsequent stage and C, is the tuning
capacitor. The input impedance of the filter is
approximately (C;/C;)?R;,, where R;, is the input
impedance of the next stage, and this has to be
matched to the output impedance of the tube for
optimum power transfer. This output impedance is
R; + uR,, where R, is the total effective dynamic
resistance in the grid circuit. Ry, C, and L, are the
bias components and the choke for the anode
supply.

Typical figures for the performance of an ECC 81
in this circuit at a frequency of 200 Mc's are: gain
12 db and noise factor 7.5 at a bandwidth of 6 Mc/s.
In a practical circuit arrangement the two halves
of the ECC 81 may be used separately for different
frequency bands or, alternatively, may be connected
in parallel as a single triode with double the slope
and half the anode impedance.

Grounded cathode

In contrast with a pentode a single grounded-
cathode triode amplifier is not suitable as a radio-

10

frequency amplifier in a receiver since the necessary

neutralization of the anode-grid feedback capaci-

tance is difficult te maintain, especially over a wide s

range of frequencies. Without neutralization sta-
bility can be achieved by employing a very low
voltage gain, with a resultant loss in voltage sen-
sitivity and an increase in noise level due to the
second amplifier or mixer.

These disadvantages can be eliminated by using
a cascade combination of two triodes, i.e. the two
sections of an ECC 81. A non-critical neutralizing
circuit can then be used purely to obtain the mini-
mum noise factor and without affecting the sta-
bility. A typical circait is shown in fig. 4. Tn this
circuit L, is the coil for compensating the anode-
grid capacitance of the first triode. Either L; or L
may be tuned to the signal frequency, L, and L;
or L; being R.F. chokes.

The anode of the grounded-cathode triode is
coupled to the cathode of the second triode, which
is a grounded-grid amplifier. The input impedance
of the grounded-grid stage is approximately 1/S,
so that the voltage gain of the first triode is unity.
The output current of the first stage flows through
the cathode circuit of the second stage, with the
result that the cverall gain of the system is SR,,
i.e. that of a pentode with equivalent mutual con-
ductance. The combined circuit is stable, the overall

S TEREVION
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Fig. 4. Cascade combination of the two triodes of the ECC 81.
OUne section is operating as a grounded-cathode and
the other as a grounded-grid amplifier.

gain is high, and owing to the power gain of the
first stage and the negative feedback of the
grovnded-grid amplifier the noise factor is that of
the first triode.

Typical performance figures for a circuit of the
type illustrated at a frequency of 200 Me's are:
gain 13 db and noise factor 6.5 at a bandwidth of
11.5 Me/s.

This cascade combination of the ECC 81 is very
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