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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-

ECC&T1 PL 83
EF80 EF80 EBY EF80
Front e Picture LF. Deéﬁ"’” Video
|REFC Pl DC.rest. ampl. | §
1
o Intercarrier sound____
i EQ&0 PL 82 _
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ECL80
PY&82 Sync.
| _ _{V@T_S__— iseparatior
- ECL 80 oscillator
PL82|output PL 81 output
ECL 80|osc+output PY80 booster EY51
PEm—————————— Frame Line EHT

64319
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
Ecce \ Cs Ls

&
L,E Cs
G

Ry

& &

I T =L = 64278

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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suitable for use in a tuner in conjunction with
another ECC 81 operating as mixer and local
oscillator. For some television applications it may
be mnecessary to provide two distinet frequency
bands with switched channels in each band. Chan-
nel selection can be accomplished by tuning all the
R.F. amplifier and oscillator circuits, but the rela-
tively complex tuning mechanism tends to lower
the performance of the receiver compared with a
fixed-tuned circuit. An alternative is to use a high
intermediate frequency and to increase the band-
width of the R.F. amplifier circuits, so that channel
selection can be achieved by tuning the local

ECC8I yp +

R L:cz ”
}__’% o —m: -

e, T+

o 8 64279

Fig.5. The ECC 81 as a push-pull R.F. amplifier.

oscillator only. The image frequency is thereby
placed outside the television bands and, although
the performance of the wide-band circuits is not so
good, the deterioration due to the necessity for
tuning is eliminated. Owing to its high input im-
pedance the EF 80 pentode is very suitable as a
high-frequency LF. amplifier. The reduced gain to
be obtained with a wide-band R.F. amplifier in-
creases the contribution of the mixer to the total

noise and a triode mixer is therefore essential.

Push-pull amplifier

A push-pull amplifier may be conveniently
constructed around an ECC 81. This circuit has a
high L-to-C ratio, high gain and low noise factor.
A typical circuit for operation at 200 Mc/s is shown
in fig. 5.

A balanced input transfermer L,L. couples the
balanced feeder to the control grids, and neutrali-
zing capacitors (Cy, C;) of the order of 1 pF are
cross-connected between the respective anodes and
¢erids. The output may be unbalanced and fed into
a single-ended mixer and local oscillator, or balan-
ced and fed into a push-pull mixer with push-pull
local oscillator using two additional ECC 81 tubes.
Typical performance figures for this R.F. amplifier
are: gain 21 db, bandwidth 2.5 Mc/s, noise factor 5.

ECC 81

2. THE ECC81 AS FREQUENCY CHANGER

As a frequency changer in high-frequency receiv-
ers the ECC 81 possesses two distinct advantages:
the separate mixer and oscillator sections are con-
tained in a single envelope, and the noise level of a
triode mixer is sufficiently low to allow its use with
a relatively low-gain, wide-band R.F. amplifier.

The conversion characteristics are given in figs 13,
14 and 15, p. 15-16, and it will be seen that the
maximum conversion conductance is 2 mA/V at
V3 = 170 V. Curves are also given for the anode
impedance R; and for the effective mutual conduct-
ance S, which is the value obtained when the tube
is driven by both an oscillator voltage and a signal
voltage of 100 mV at intermediate frequency.

A typical frequency changer circuit with the
ECC 81 is shown in fig. 6. The oscillator voltage for
the mixer is derived from a smail capacitor of the
order of 1-2 pF connected directly between the
oscillator circuit and the mixer grid. This capacitor
should be adjusted until the optimum oscillator
drive is obtained. The oscillator voltage at the mixer
orid should be 2-2.5V according to the anode
voltage used, and the drive should be adjusted so
that when tuning over a frequency range its mini-
mum value is equal to the optimum value. This is
necessary to avoid an excessive spread in perform-
ance from tube to tube due to the rapid decrease

in conversion conductance at low oscillator voltages.

+Vb
IF = 22pF
ECC&1 =)
% 1-2pF F )
j Q=500 o) g ]
23pF T | § N
2 = 56200

Fig. 6. The ECC 81 as a frequency changer.

The curves were cbtained with a grid leak of 1 MQ
and no cathode bias was used. At V, =170V the
grid current for optimum drive is 3.3 pA, which
represents a bias of 3.3 V.

In the event of a complete or partial failure of
the oscillator circuit the cathode current of the
mixer would become excessive. It is therefore desir-
able to operate the valve with cathode bias. The
cathode current at optimum drive is 6.0 mA, so that
a 500 Q cathode resistor is required. Under ihese
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ECC 81

conditions any value of grid leak less than 1 MQ
may be used but a high value is desirable to limit
grid current. The grid current will be zero for an
oscillator voltage less than that required to over-
come the grid-current starting point and to drive
the valve into grid current on the oscillator peaks.

The high mutual conductance of the ECC 81
makes it an efficient local oscillator at high fre-
quencies and this tube may be used with any of the
conventional oscillator circuits, of which fig. 6 gives
an example. Typical performance figures for a
frequency changer of this type operating in con-

TECHNICAL DATA
HEATER DATA

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

series or parallel supply
V; 6.3 12.6 V
Heater current I; 0.3 0.15 A

Heater voltage

BASE CONNECTICNS AND
DIMENSIONS (in mm)

max222
— ¥

max50
_ max56

(s

Ik fC f K

64233

Fig. 7.

junction with a push-pull R.F. amplifier as illustra-
ted in fig. 5 are: total gain (between 50 Q aerial
and 2.2 kQ anode load o fthe mixer) 31 db, band-
width 7 Me/s, noise factor 9. When this circuit is
used in a television receiver operating without inter-
carrier sound or in an F.M. receiver, vibrations in
the air surrounding the tube or of the chassis may
give rise to a modulation of the oscillator frequency.
This can be avoided by using a .screening can
around the tube and, if necessary in a particular
case, a resilient tube holder.

TYPICAL CHARACTERISTICS

Anode voltage V., 170 200 250V
Grid bias Vv, —1% —1.5—235V
Anode current 1, 10 10 10 mA
Mutual conductance S 6 ) 4.9 mA/V
Amplificationfactorp 62 57 43

*) At this adjustment grid current may occur. In case
where this is inadmissible it is advisable to adjust the bias
at —1.5V,

LIMITING VALUES (each section)

Anode voltage at zero anode

current V,  max. 550V
Anode voltage V. max. 300V
Anode dissipation W, max. 2.5W
Cathode current I max. 15 mA

Heater voltage during warm-
ing up period for both
sections together

Mounting position: any (for V; normal = 6.3V) max. 9.5V %)
(for V; normal — 12.6 V) max. 19V
CAPACITANCES Voltage between heater and
Section 1 Section 2 cathode V,; max. 90V
e 1.45 1.45 pF External resistance between
. 2.5 2.5 pF control grid and cathode
C, 0.45 0.35 pF with automatic bias R, max. 1 MQ
G 0.15 0.15 pF  External resistance between
Crs 2.5 2.5 pF heater and cathode R;; max. 20kQ
Ck(!/+/" 5 5 PF i A S s e ; )
Ca(_«,+/‘; 1.6 15 pF ) .WhP:n ll‘l(’ .EL(il 81 is u:~'(*d in a recrel.ver: or any other
circuit with series supply of the heaters it is necessary to
Co < 0.005 pF use a device limiting the initial current after switching on.
Cow < 04 pPF  This may be an NTC resistor in series with the heater chain.
12
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R.F. PENTODE EF 80

DESCRIPTION

The EF 80 is a high-slope R.F. pentode on the
Noval base, designed primarily for wide-band R.F.
and LF. amplification in television receivers. Its
characteristics render the tube suitable for use alse
as a video amplifier in receivers of a simple type,
as a frequency changer, and in some forms of syn-

chronizing-pulse separator circuits.

62149
Fig. 16. The R.F. pentode EF 80 (actual size).

As with other tubes in the range described in
this documentation, the EF 80 can be used with an
H.T. line voltage of 170 V without sacrificing per-
formance. A line voltage of about 170 V is common-
ly encountered in television receivers with a trans-
formerless supply system when the mains voltage is
220 V. Due to the provision of two cathode leads,
the input conductance has been reduced, and this is
of particular importance at the higher frequencies
in the television bands.

APPLICATION
1. THE EF 80 AS ILF. AMPLIFIER

The carrier frequencies of the low television band
for channels 1 tot IV of the 625 line system lie

between about 40 and 70 Mes. 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 chan-
nel 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,
if this should become necessary. A superhet arrange-
ment is therefore often preferred and most of the
gain is then provided by the LF. amplifier, the
preceding stages mainly serving for frequeny con-
version and some pre-selection. Moreover, the fre-
quency response of the R.F. part of the receiver
is usually very flat, so that the shape of the response
curve of the receiver is almost entirely determined
by the LF. circuits.

A normal figure for the required LF. signal at
the video detector for average 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 LF. tube,
a total LF. gain of 10,000 is required when the
sensitivity for the centre frequency of the pass band
has to be 10 xV, and one of 1000 when a sensitivity
of 100 uV 1is considered sufficient. A convenient
figure for the 3 db bandwidth with the 625 line
system is 5 Me/s and, in order to keep image fre-
quencies outside the television band and te mi-
nimize feedback of harmonics of the detected L.F.
signal into the first stages of the receiver, the centre
of the LF. band skould be chosen at about 21 Mc/s.

A basic diagram for a four-stage stagger-tuned
LF. amplifier is given in fig. 17. A very useful
characteristic quantity of a tube is the product
of gain and bandwidth, GB, which is equal to
S2#(C; + C,), imm which S is 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 of 22 could be achieved when the 3 db band-
width of the anode circuit is 5 Mc/s. However, the
GB figure is a typical tube characteristic and there-
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EF 80

fore does not take into account the unavoidable
increase in total capacitance of the anode circuit
caused by the wiring and the distributed capaci-
tance of the coil. Moreover, the GB figure is given
for the cold capacitance of the tube, and for a tube

EF80 EF80

Ldidie

the centre of the LF. band and the horizontal
distances of the other perpendiculars represent the
detuning of the other circuits with respect to this
centre. Moreover, the length of each perpendicular
gives half the required bandwidth of each circuit.

EF80 EF80

Detector

= 6428

A
%

Fig.17. Basic diagram of a four-stage stagger-tuned LF. amplifier.

in operation the actual capacitances are somewhat
greaier. A practical figure for the product G - B of
the EF 80 is 55 when the capacitance in the anode
circuit is not intentionally increased, which implies
tuning of the circuits by means of slugs of powdered
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 LF. 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 sup-
pression of sound, adjacent sound and adjacent
picture signals. Also the inclusion of small non-
bypassed cathode resistors, for compensating the
variation of the input capacitance of the tubes
caused by the contrast control, will result in a
somewhat lower gain. A simple method for de-
termining the tuning frequencies of each of the five
tuned circuits of the four-stage amplifier of fig. 17
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. 18). The scale of
this figure should be so chosen that the diameter
represents the required 3 db bandwidth of the
whole amplifier, which in our case is 5 Mec/s. The
base of the central perpendicular now represents

') See A. G. W. Uitjens, Fundamental Problems of H.F.
and LF. Amplifiers for T.V. Reception, Part I: Gain and
Bandwidth, Electr. Appl. Bull. 11, p. 205, 1950 (No. 11).
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The tuning frequencies and bandwidths of the cir-
cuits of fig. 17 may now be tabulated as follows:

Circuit No.  Tuning frequency  Bandwidth
I 18.6 Mec s 1.6 Mc/s
i1 19.5 Mc/s 4 Mecjs
I 21 Me/s 5 Mefs
IAY 22.5 Mc/s 4 Mecs
AY 23.4 Mc/s 1.6 Mejs

1T

4mmr

B= 5MC75 B=
I 4Mc/s 4Mc/s

B= B=
16Mc/s 1.6 Mc/s
L | | ! 1 L | |
185 19 195 20 205 21 215 22 225 23 235
£ (Mc/s, 64284
Fig. 18. Stagger diagram for a four-stage LF. amplifier
centred at 21 Me/s.

The staggering scheme for a three-stage L.F. am-
plifier also with a bandwidth of 5 Mc/s and a centre
frequency of 21 Mec/s is represented in fig. 19. Such
an amplifier with three EF 80 tubes provides a gain
of 1000 and the stagger frequencies and band-
widths are:

Circuit No. Tuning frequency  Bandwidth
1 18.7 Mec/s 1.9 Mc/s
11 20.05 Mc/s 4.6 Mc/s
II1 21.95 Mc/s 4.6 Mc/s
v 23.8 Mcs 1.9 Mc/s
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From this stagger diagram it appears that it is
not always necessary to have a circuit tuned io 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 cir-
cuit is usually obtained in the following way. All
coils of the amplifier are given equal Q’s and the
bandwidth of each circuit is adjusted to the desired
value by chosing a suitable value for the grid leak
resistor (fig. 17). 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

B= B=
4.6Mc/s 4.6Mc/s 7

B=
1.9Mc/s

1 [ 1 |
215 22 225 23 235
f (Mc/s) 64265

Fig. 19. Stagger diagram for a three-stage LF. amplifier
centred at 21 Mc/s.

! I ! I
95 20 205 21

very favourable 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 band-
width of the circuits is obtained from the stagger
diagram the minimum Q of the coils may be cal-
culated with the aid of the following formula:

Q:%s

in which f, is the tuning frequency of the circuit in
question and B the bandwidth. For instance, the
minimum Q of circuit No. I in the stagger diagram
of fig. 18 is Q — 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 tube.
The total parallel resistance of this circuit is now:

Q 11.6

SN, O .cc.. SN ' 1))
R= 0 = 2 X186 X10° X 22X100 — P

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

25/11.6 X 4500 = 9700 Q. In order to arrive at the
required total parallel resistance of 4500 Q, a grid

EF 80

leak of 8400 @ 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. 18, it will be clear
that in the case of large numbers of mutually de-
tuned circuits the bandwidths of the outermost cir-
cuits in the stagger diagram may become inconve-
niently 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,
thus 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 bandwith 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 iwo
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 required total bandwidth of the whole
amplifier must be multiplied to obtain the band-

width of each group can be found in the following

table.

Number of staggered | Number of identical groups
circuits in each group| 1 2 3 4 5
1 1 1.36 1.96 227 2.56
2 1 1.25 141 1.54 1l.61
3 1 1l6 125 1.32 1.37
4 1 1311 119 1.23
5 1 1.09 115
6 1 1.075 1.11
7 1 1.05

From this table it appears that the required
bandwidth of each group increases 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 perform-
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ance with regard to gain between an amplifier em-
ploying circuits all tuned to the same frequency and
a stagger-tuned amplifier. The four-stage stagger-
tuned amplifier of fig. 17 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 stage gain 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 adjacent sound and picture
signals will influence the shape of the response
curve of the LF. amplifier. This will usually ne-
cessitate small corrections of the tuning frequencies
and dampings of the LF. circuits when these are
determined according to the method represented
in figs 18 and 19. 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. [he first stages of the picture LF.
amplifier are normally also used to amplify the
LF. sound signal, which is usually tapped off after
the second LF. stage. Economies may then be
effected in the design of the sound LF. amplifier
by chesing the most favourable stagger frequencies
with regard to sound L.F. amplification for the first
stages of the picture LF. amplifier. This, however,
often conflicts with the requirements of picture
contrast control znd a compromise must then be
sought. The contrast of the television picture is
normally adjusted by varying the bias of the tubes
in the first stages of the receiver. Owing to uan-
avoidable oscillator-frequency shift the bias of the
mixer stage may not be varied and contrast control
must therefore be achieved by varying the bias of
the R.F. stage and of the first two LF. stages.
Variation of the bias, however, results in a variation
AC; of the input capacitances of the tubes and this
may upset the total response curve of the receiver.
Therefore, those LF. circuits from the stagger dia-
gram having the largest bandwidths should be used
to precede those tubes 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 in the data
section, when the slope of the tube is varied between
74 and 0.74 mA/V, the variation in input capaci-
tance of the EF 80 is 1.95 pF. This variation may
be inadmissible and special methods are available

20

to reduce this variation. A simple and efficient form
of C; compensation will now be briefly described.

Compensation of input capacitance and resistance
variation

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

understood.

EF80
PEd
IEE
o =]
o >

64323

Fig. 20. Basic circuit for the compensation of input
capacitance variation.

In the basic circuit of fig. 20 a non-bypassed
resistor is included in the cathode lead, C represent-
ing the capacitance between grid and cathode of
the tube. Due to electronic effects this capaitance
varies with the bias. In the cut-off condition C has
a value of 7.2 pF, this gradually increasing to about
9.4 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 Vy
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 tube.
The object now is to keep the charging current of €
constant, so that the effective input capacitance of
C is also kept constant. In the above example the
factor 1 + SR should therefore have a value
9.4/7.2 — 1.3, so that, since S is 7.4 mA/V, the
cathode resistor must have a value of 0.3/S =41 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 tube is reduced by a factor
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1/1.3 = 0.77. A lower value of R still giving ade-
quate compensation is therefore normally used, a
practical value for the EF 80 being 27 Q.

The variation in effective input resistance is also
reduced by the inclusion of a non-bypassed cathode
resistor. At cut-off, when the input resistance of
the tube is very high, the input damping caused
by the current flowing through € and R prevents
the effective input resistance from reaching a very
high value. However, this additional damping is
also present in normal operation, so that, although
the effective input resistance of the tube 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 « value of 5 to 10 pF.

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 tube holder con-
nected 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. In order to obtain the highest
value of input resistance the cathode pins 1 and 3
should be interconnected. In the 100 Me/s to
300 Mc/s frequency bands the noise level due to
static and cosmic noise is very low. The use of a
triode may therefore be preferred at these fre-

quencies.
3. THE EF 80 AS FREQUENCY CHANGER")

Fig. 21 shows a typical circuit for operation at
the lower television carrier frequencies, in which
the EF 80 is employed as a self-oscillating frequency
changer. The arrangement will be recognized as a
conventional Colpitts oscillator with the coil con-
nected between centrol grid and screen.

By connecting the R.F. input circuit L, to a point
on the oscillator coil at which the oscillator voltage

") See B. G. Dammers and L. ]J. Cock, Comments on Fre-
quency Changers for 30 Me/s to 120 Me/s for T.V. and F.M.
receivers, Electr. Appl. Bull. 11, p. 105, 1950 (No. 6/7).

EF 80

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.

'er

—>LF

64283

Fig. 2]. Front end for a television receiver or an F.M. receiver
with one EF 80 as R.F. amplifier and the other as
self-oscillating frequency changer.

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 « capacitor of fixed value for C,.

The inductance of the oscillator coil should be
small compared with that of the R.F. coil L,, and
this can be achieved by using a high Q, high C
oscillator ecircuit, and choosing the oscillator fre-
quency 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.

The input impedance of the frequency changer at
carrier frequency is inherently low, mainly because
the control grid is coupled to the screen. Owing to
the large bandwidth employed with 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 in-
creased by using ¢ 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.




EF 80

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 syne. signal, derived from the video stage.
This signal can be delivered by an EF 80 operating
with cathode compensation. In the case of a pro-
jection 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. It is then advisable to use the PL 83.

>+ =180V

]
g
]
= +300-400V
§ |
w
S ==0JuF
= = = = 64286

Fig. 22. The EF 80 as a video amplifier with cathode

compensation.

A suitable circuit with the EF 80 for driving a
picture tube of ihe direct-viewing type is given in
fig. 22. Under quiescent conditions the tube is
operated at an anode current of 6.5 mA and a
screen-grid current of 1.8 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 ,H shunted by 3300

TECHNICAL DATA
HEATER DATA

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

resonates with the input capacitance of the EF 80
at about 5 Mc/s, thus improving the response ¢t the
high video frequencies. Moreover, LF. frequencies
are attenuated by this series circuit. The shunt
resistor is included to prevent overshoot. It is as-
sumed 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,
this compensating the loss in gain due to parasitic
capacitances in the anode circuit. This compensa-
tion is effective up to 3.5 Mec/s.

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-capacitance of this coil should be
small, and wave winding is therefore recommended.

The output signal of the video stage is applied
to the sync. separator via a resistor of 10 kQ, thus
preventing an increase in the capacitance 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 potentio-
meter). A direct voltage of 300-400 V with respect
to the chassis is required for the first anode 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.

BASE CONNECTIONS AND
DIMENSIONS (in mm)

series or parallel supply fexaag
Heater voltage V; 6.3V | ‘.
Heater current I; 0.3 A a
N
©
CAPACITANCES g | 2 5
o 15pF TS E
G; 3.3 pF
£ <0007pF k' T =t
Cax < 0.006 pF s
Cy: 5.4 pF Fig. 23.
C‘,ﬂgg 2.6 pF
Coiy < 0.15.pF
Cyr 5.0 pF Mounting position: any
22
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TYPICAL CHARACTERISTICS

Anode voltage V., 170 200 250V
Suppressor-grid voltage V 0 0 oV
Screen-grid voltage V. 170 200 250V
Control-grid voltage V,, —2 —2.55 —3.5V
Anode current 1, 10 16 10 mA
Screen-grid current  I,, 2.5 2.6  2.8mA

Mutual conductance S 7.4 7.1 6.86mA)V
Internal resistance R; 0.5  0.55 0.65MQ
Amplification factor
between screen grid
and control grid 1., 50 50 50

Equivalent noise

resistance R,, 1 1.1 1.2kQ
Input damping at
50 Me's (socket pins 1

and 3 interconnected) r, 10 12 15 kQ
Z 64247
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A e
i ] EEARE Iq
| T (mA)
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Fig.24. Anode current plotted against control-grid voltage
for anode and screen-grid voltages hetween 50V

and 250 V.
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Fig.25. Anode current plotted against control-grid voltage
for anode and screen-grid voltages between 10V

and 50 V.

LIMITING VALUES

Anode voltage at zero anode
current
Anode voltage
Screen-grid voltage at zero
screen-grid current
Sereen-grid voltage
Control-grid voltage
(grid current +0.3 pA)
Heater voltage during the
warming-up period
Voltage between heater and
cathode
Cathode current
Anode dissipation
Sereen-grid dissipation
External resistance between
control grid and cathode
with self bias
with fixed bias
External resistance between
heater and cathode

max. 550V
max. 250V

max. 550V
max. 250V

max. —1.3V
max. 9.5V
max. 150V
max. 15 mA

max. 2.5W
max. 0.7W

max. 1 MQ
max. 0.5 MQ

max. 20 kQ
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Fig. 33.

Control-grid voltage, mu-
tual conductance, internal
resistance, input capacitan-
ce variation and input
damping plotted against
anode current for anode
and screen-grid voltage of

170 V.
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DOUBLE DIODE EB 91

DESCRIPTION

The EB91 is a 7-pin miniature double diode.
Each section has an independent cathode, and an
electrostatic scrcen is provided between sections.

Fig. 39. The double diode EB 91 (actual size).

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

APPLICATION

The most important application of the EB 91 in a
television receiver isin the vision demodulator siage.
Only one diode section is required for this purpose
and the other section 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 trans-
mitter), the method of modulating the spot bright-
ness 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 of stages used for

30

video amplification. Cathode modulation of the
picture tube is almost exclusively applied nowadays
and, in the case of a direct-viewing tube, one stage
of video amplification will usually be employed for
systems operating with 405, 441, 525 and 625 lines.

In the 625-line system the modulation is negative,
which means that the carrier amplitude is maxi-
mum during the syne. pulses. A signal of the polar-
ity shown in fig. 40 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. 41. It can therefore be
seen that the polarity of the diode should be as
illustrated in fig. 42, in which also the voltage across
the load is represented. This signal would be direct-
ly suitable for the excitation of the video amplify-
ing tube, provided the voltage at the dotted line
(black level) in fig. 42 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 applied either by the
inclusion of a cathode resistor or by a fixed grid
voltage. It is then necessary to apply D.C. restora-
tion, so that the black level of the complete signal
of fig. 42 coincides with the standing bias of the
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Fig. 40. Polarity of the signal required at the cathode of the
picture tube.

video tube. For this purpose the remaining section
of the EB 91 can be used.

Fig. 43 gives the complete circuit of the EB 91
used as vision demodulator (diode section II) and
as D.C. restorer (diode section I). The potential
of the whole circuit with respect to the chassis is
—V,, which is the fixed bias for the video ampli-
fying tube. The bias line is normally decoupled by
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an electrolytic capacitor of about 100 xF, whilst the
internal resistance of the bias source is low, so that
the potential of point 4 may be regarded as a fixed
reference. It is therefore necessary to add to the
signal appearing at R; + L, a voltage corresponding
to the black level. This voltage is obtained by
rectifying the L¥. signal with the diode section I.
The operation of this diode needs some further
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Fig.41. Signal at the control grid of the single video stage.

explanation.

It will be clear that the voltage supplied by the
restorer must be free from modulation, whilst the
load on the preceding LF. circuit should be low so
as to prevent undue damping. A load circuit with
a high time constant and a high resistance should
therefore be used. This implies that the detector
efficiency of the restorer diode will be considerably
greater than that of the detector diode, which has a

Fig.42. Connection of the detector diode and the voltage
across the load resistor.
load of only 3.9 kQ. For average picture contrast
and with one stage of video amplification the LF.
signal required at the cathodes of the EB91 is
about 2 V,,. during the syne. pulses. This LF.
signal will give rise to a voltage across the detector
load R; of about —1.4V also during the synec.
pulses, which corresponds to a black level of

0.7 X (—14) =-—1V. An equal voltage of op-

EB 91

posite polarity must be delivered by the restorer
diode. If R, is short-circuited a constant direct volt-
age of 2V, corresponding to the peaks of the sync.
pulses, arises across R.. The efficiency of the

EF &0 i EBYT PL83
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Fig.43. Detector and D.C. restorer circuit with the double
diode EB 91.

restorer circuit is now reduced with the aid of R,
to such an extent that the voltage across R, becomes
1V, as required.

It will be noticed that the time constants of R.C;
and R,C, have been so chosen as to differ con-
siderably. This has been done intentionally, so as
to 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 ap-
preciably during a short interference pulse, the
increase in rectified voltage occurring across R,
which together with €, has a low time constant.
Therefore, at the end of the interferense pulse the
restorer circuit quickly resumes normal 0perati0n,
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 IT (fig. 43) a
shunt peaking coil L, of 100 pxH is included to
compensate the effect that the shunt capacitor C,
and the wiring capacitance have upon the fre-
quency response. For the same purpose a series
peaking coil L, of 60 pH is connected in series with
the input of the video amplifying tube. This coil
resonates with the input and wiring capacitance of
the PL83 at a frequency of about 5 Mc/s, thus
improving the response at the high end of the video
frequency band whilst LF. signals are attenuated.
Damped oscillations modulating the picture bright-
ness 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

TECHNICAL DATA
HEATER DATA

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

series or parallel supply
Heater voltage V; 0.3V
Heater current I, 0.3 A

BASE CONNECTIONS AND
DIMENSIONS (in mm)

max 54

max 48

g

v
ax 19, 64235

Fig. 44.

Mounting position: any

CAPACITANCES (with external screen)
Cu 3.0 pF
Cdg 30 pF
Carie < 0.026 pF
Cia 3.5 pF
Cis 3.5 pF

LIMITING VALUES (each section)

Inverse anode voltage Viingp max. 420V
Average anode current I, max. 9 mA
Peak anode current I max. 54 mA
Voltage between heater and
cathode V',
Peak voltage between heater
and cathode Vy;, max. 330 V')

External resistance between

max. 150V

heater and cathode Ry, max. 20kQ ?)
Heater voltage during the
warming-up period max. 9.5V

) Cathode positive with respect to heater.

*) If a high non-decoupled resistance between heater and
cathode must be used it may be advisable, in order to avoid
hum, to reduce the heater voltage to about 5V.
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LIMITING VALUES OF EACH SECTION FOR
THE USE AS RECTIFIER

Supply voltage Vi max. 150 V...
Average anode current 1, max. 9 mA
Reservoir capacitor C max. 8 uF
Internal resistance of supply R, min. 300 Q

Peak voltage hetween heater
and cathode Vi, max. 330 V1)
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Fig.45. Anode current plotted against anode voltage
for each diode.
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VIDEO OUTPUT PENTODE PL 83

DESCRIPTION

The PL 83 is a pentode on Noval base intended
for use as the video output tube in television
receivers. At a screen-grid voltage of only 170 V a

considerable anode current swing can be obtained,

)

62148

Fig.48. The video output pentode PL 83 (actual size).

so that the anode load resistance can be kept low
and thus high-frequeney compensation is simplified.
The PL 83 can therefore be used in cases where the
EF 80 would be inadequate.

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 produce a robust and rigid assembly,
which minimizes the risk of microphony.

APPLICATION
1. THE PL 83 AS VIDEO AMPLIFIER WITH
CATHODE COMPENSATION

A circuit of a video output stage employing the

PL 83 with cathede compensation and a high-
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tension line voltage of 180V is represented in
fig. 49. Compared with anode compensation by
means of a shunt peaking coil, cathode compensa-
tion 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. 49 it is assumed that the
total capacitance in the anode circuit of the PL 83
is 35 pF. With a cathode resisior of 470 Q and an
anode load of 5kQ 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 f{re-
quency response occurs at ahout 5 Me/s when the
signal is applied directly to the control grid of
the PL 83.

Under static conditions with V,, = -—5.6V the
anode current is 10.5 mA and the scrcen-grid eurrent
1.4 mA. The gain of the stage is 7.5 and, if the black
level of the inpat signal is at chassis potential, a
peak video output voltage of 80V, exeluding syne.
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.

» + =180V

(e

gz ©
N
N
S Sync +300— 400V
g .
o_ IUJ[JF

= = 64291

Fig.49. The PL 83 as video amplifier with cathode
compensation.

2. THE PL 83 AS VIDEO AMPLIFIER WITH
ANODE COMPENSATION

Fig. 50 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 or a projection tube.

The series peaking coils in the control grid circuit
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Fig.50. The PL 83 as video amplifier with anode compen-
sation. The stopper resistor in the screen-grid lead
should not be chosen higher than 33 Q.

TECHNICAL DATA
HEATER DATA

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

Heater voltage V, 15V
Heater current I, 0.3 A

BASE CONNECTICNS AND
DIMENSIONS (in mm)

max22,2
a
g
g3 E
g2
q N
- E
Kt ot T
61911
Fig.51.
Mounting position: any
CAPACITANCES
G 10.4 pF
Ca 6.6 pF
Cun < 0.1 pF
(“fllf < 0.15 pF

PL 83

of the PL 83 and in the cathode of the picture tube
are shunted by damping resistors so as 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 compensation is more
complicated.

TYPICAL CHARACTERISTICS

Anode voltage V., 170 200V
Suppressor-grid voltage Vs 0 0V
Screen-grid voltage Ve 170 200V
Control-grid voltage Vo —23—35V
Anode current L 36 36m/A
Screen-grid current I, 5 5m/A
Mutual conductance S 10.5 10.5mA/V
Internal resistance R; 0.1 0.1 MQ
Amplification factor
between screen grid and

control grid Rz 24 24

LIMITING VALUES
Anode voltage at zero anode
current }V,, max. 550V
Anode voltage V., max. 250V

Screen-grid voltage at zero

screen-grid current ¥V, max. 550V
Screen-grid voltage Ve max. 250V

Control-grid voltage
(grid current +0.3 pA)

Heater voltage during

V,, max. —13V
warming-up period max. 225V
Voltage between heater and

cathode FV3; max. 150V
Cathode current I,  max. 70mA
W, max. 9W
W,» max. 2W

Anode dissipation

Screen-grid dissipation

External resistance between
control grid and cathode R,

with fixed bias max. 0.5 MQ

with automatic bias max. 1 Mo
External resistance between

heater and cathode Rj;; max. 20 kQ
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OUTPUT PENTODE PL 82

DESCRIPTION

The PL 82 is an output pentode on Noval base
intended for use as audio output or as frame output
tube in a television receiver. Special attention has

Fig.56. The output pentode PL 82 (actual size).

been paid to the mechanical design so as to produce
a robust and rigid assembly, which minimizes the
risk of microphony.

There are a number of cases in which the audio
output of the pentode section of an ECL 80 will be
considered insufficient. The PL 82, giving an output
of 4 W at 10% total distortion and at anode and
screen-grid voltages of 170 V, may then be used.

For the same reason, in the frame output stage a
PL 82 may be used instead of the pentode section of
an ECL 80. The available peak anode current of
the PL 82 is three to four times as large as that of
the ECL 80, so that the former tube is particularly
suitable for use in receivers employing a picture
tube with wide-angle deflection.

38

APPLICATION
1. THE PL 82 AS SOUND OUTPUT TUBE")

As already indicated above, at a line voltage of
170 V the PL 82 is capable of giving an output of
4 W at 10% total distortion and with a matching
resistance of 3 kQ. The driving voltage required
for this output is 6 V.« and the bias 10.4 V. Either
fixed or automatic bias may be applied. Automatic
bias has the advantage that a higher value of
control-grid resistor is permitted, which may in-
crease the gain of the preceding stage. A dis-
advantage connected with automatic bias, however,
is that, due to the voltage drop in the cathode
resistor, the voltage between anode and cathode is
somewhat reduced, and this also reduces the
available output.

At a line voltage of 200V the output of ihe
PL 82 is the same as that at 170 V, although the
operating conditions are somewhat different. These
conditions are to be found in the tube data.

2. THE PL82 AS FRAME OUTPUT TUBE

The PL 82 can deliver a large peak anode current
at comparatively low anode and screen-grid volt-
ages. In order to avoid incursion in the knee of
the I,/V, characteristic, the frame output stage is
normally so designed, that the minimum anode
voltage, which occurs at the end of the scan, does
not become lower than 50 V. From the tube
characteristics it may be seen that with a screen-grid
voltage of 170 V and an anode voltage of 50 V the
anode current of the average tube can greatly
exceed 100 mA. In order to allow for inevitable
spread between individual tubes and for deteriora-
tion during life, the circuit should, however, be
designed around a peak anode current not exceeding
90mA at ¥V, =50V and V,, = 170 V.

In the design of a frame output stage a choice
must be made between an output transformer of
small dimensions, which leads to a large peak anode
current, and a larger output transformer, with
which the peak anode current will be lower. Since

') See P. D. van der Knaap and J. Jager, Matching of the
Frame Output Stage to the Deflection Coils in Television
Receivers, Electr. Appl. Bull. 11, p. 21, 1950 (No. 2).
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there are also other important factors to be taken
into account, the choice of the output transformer
will be dealt with at some length.

The deflection coils used for vertical deflection
have resistance and self-inductance, but the rate of
change of the deflection current is so low that the
voltage occurring across the self-inductance is ne-
gligible compared with that across the resistance.
It may therefore be assumed that the matching
transformer is loaded with a pure resistance, R;;

see fig. 57.

+Vh

Fig. 57. Basic diagram of a frame output stage.

When it is now assumed that the operating con-
ditions are such that a linear saw-tooth current
having a peak-to-peak value I; flows in the de-
flection coils, the saw-tooth current in the primary
will be I;/n, whilst a linear saw-tooth voltage oceurs
across the primary self-inductance L,. Due to this
saw-tooth voltage a current having a parabolic
shape is added to the saw-tooth current in the
primary. The relative magnitude of this parabolic

component depends upon the ratio between the

primary self-inductance and the load resistance
transformed to the primary, and also upon the
fundamental frequency of the saw-tooth current.
It will be understood that a relatively low primary
self-inductance, as with a transformer of small
dimensions, causes a relatively large parabolic
component, whici considerably influences the shape
of the total anode current. In the other extreme
case of a very high primary self-inductance, in-
volving a transformer of large dimensions, the
parabelic component becomes very small and the
total anode current has a linear shape.

The shape of the total anode current required io
give a linear saw-tooth current in the deflection
coils is depicted in fig. 58 for different values of
T, T, in which T,—=1L,n*> (R; + R;) and T the
duration of the frame scan.

It appears from this figure that with 7, T =— 0.1
the parabolic component assumes a very high value,
resulting in a considerable distortion of the total
anode current and a high value of the required peak

PL 82

anode current. Another important disadvantage is
that the minimum in anode current occurs quite a
considerable time after the commencement of the
scan. In fig. 58 it is assumed that the minimum
value of the anode current is just zero, which is, of
course, most economical in respect to current con-
sumption. At minimum anode current the tube
characteristic shows a strong curvature and it is
consequently difficult to distort the driving voltage
in such a way that the required shape of anode
current is obtained. Non-linearity of the frame scan
is therefore apt to occur at about 0.4 of the total
picture height, and this is very annoying. A higher
value of T,/T should therefore be employed and
this involves a higher value for the primary self-
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Fig. 58. Shape of the total anode current required to give
a linear deflection current, for different values of T4/T.

With 7,/7 = 0.29 the shape of the total anode
current is much more favourable but ths minimum
in anode current still occurs at 0.2 of the total
picture height. It can be shown that with this
value of T,/T the average anode current is a
minimum.

Finally, with 7,7 — 0.5 the minimum in anode
current coincides with the commencement of the
scan, which consequently is the most favourable
situation. Moreover, it appears that the shape of the
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anode current closely resembles that of the I,/V,
characteristic of the tube, so that the problem of
obtaining a driving voltage of the required shape
is considerably simplified. With this value of T/T
the required peak anode current reaches the
minimum. A further increase of T,/T, i.e. a higher
value for L,, does not decrease the required peak
anode current and, although the total anode current
assumes a more linear shape, the required average

anode current becomes higher.
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Fig.59. Peak anode current and average anode current
plotted against T,/T.

The two important characteristics of the anode
current, viz. the average anode current I,,.. and
the peak anode current I, are plotted in fig. 59
against the values of T,/T. It may be seen that with

T,/T = 0.29 the average anode current is a minimum

and equal to 0.29 I;n. At T,/ T — 0.5 the peak

anode current has reached the minimum, which is
I,;/n. In this case the average current is only slightly
higher than that with T,/T = 0.29.

By way of example an output transformer for use
in conjunction with the PL 82 will now be calcu-
lated. The influence of the stray self-inductanc: will
be disregarded, and the following practical tigures

have been chosen:

Supply voltage Vy =170V
Resistance of the deflection coils R; =— 50Q
Self-inductance of the deflection coils I, — 50 mH
Defliection current peak-to-peak I; —350mA
Frame frequency 1/T = 50c¢fs

These data refer to double-D scanning of a picture
tube MW 31-16 or MW 22-16 operating with an
E.H.T. of 9kV
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In view of the maximum permissible drop of the
anode voltage below the H.T. line the turns ratio
of the transformer must first be calculated. As-
suming that the secondary has a resistance R, of
15 Q, the drop occurring at the end of the scan
across the primary self-inductance is: %2I;n (R;+ Ry)
—11.4 n. In order to avoid incursion in the knee
of the 1,/V, characteristic, and to make allowance
for some additional voltage drop caused by the
primary resistance and the self-inductance of the
deflection coils, the above-mentioned drop must not
be chosen too high, a suitable value in this case
being 80 V. The turns ratio will therefore be

80/11.4 =1.

It must now be checked whether the additional
drop, caused by the resistance of the primary and
the self-inductance of the deflection coils, does not
bring the momentary anode voltage below 50 V. In
this example a drop of 40 V is still permissible.
If the primary self-inductance is so chosen that
T,/T = 0.5 (see figs 58 and 59), the peak anode
current occurring at the end of the scan becomes:
I,, = I;/n =50 mA. If it is assumed that the primary
resistance will be 500 Q, the maximum drop due to
this resistance will be 25V. Owing to the self-
inductance of the deflection coils a constant voltage
drop occurs during the scan across the primary.
When the saw-tooth current is linear this amounts
ton- L;- I,/ T. Disregarding the duration of the fly-
back, for a system operating with 50 frames per
second the duration of the scan T = 0.02 sec. This
gives for the drop due to the self-inductance of the

deflection coils, 7 X 0.05 X 0.350/0.02 =6.1'V.

The total drop below the H.T. line now is
80 + 25 + 6 =111V, so that the minimum anode
voltage at the end of the scan becomes 59 V, which
is a sufficiently high value. In fact the anode
voltage may be allowed to become as low as 50V,
but it should be realized that in determining I, ,ca
and I, the minimum momentary anode current has
been assumed to be zero. This condition can hardly
be fulfilled in normal practice and the minimum
value of the anode current will actually be 1 or
2 mA. This will result in a slightly higher drop in
the resistance of the primary winding. As a final
check the total voltage drop should again be
calculated when the actual resistances of the prima-
ry and the secondary are known.

Finally, the required primary self-inductance
must be calculated. It has heen assumed that
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T,/T = 0.5, so that with T'=10.02 the value of T},
becomes T, — 0.01 — L,/n* (R; + R;), and L, =
723 (50 + 15) X 0.01 =32 H.

Summarizing, the transformer data are as follows:

Primary self-inductance 32 H
Turns ratio T:1

Resistance of the primary 500 Q
Resistance of the secondary 15Q

Direct current in the primary

(see fiz. 59) 16.5 + 2mA

From the tube characteristics it may be seen that
when the screen-grid voltage is 170V a bias of
about 15V is required. If this bias is obtained
automatically by means of a cathode resistor the

TECHNICAL DATA
HEATER DATA

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

Heater voltage V; 16,5V
Heater current I, 0.3 A
BASE CONNECTIONS AND
DIMENSIONS (in mm)

max 222

\
a & !
B
E (E:‘
92 |
9113 o
- ;
¥ |
kg3 £ f |y
64263
Fig. 60.
Mounting position: any
CAPACITANCES
Chn 11 pF
s 8.3 pF
C(Lgl < 1 pF

Cg]]‘ < 015 pF
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available supply voltage will be reduced by an
amount equal to the cathode voltage. This might
well bring the momentary anode voltage below the
tolerable level but, on the other hand, in most
television receivers operating with a transformerless
supply system from the 220 V mains the available
H.T. line voltage is somewhat higher than 170V,
for example 185 V. With fixed bias there is, of
course, no reduction of the available high tension.

The driving voltage for the tube must have a
shape that gives the required form of anode current.
According to the shape of the available saw-tooth
voltage and the figure of T, /T, provision has to be
made for obtaining the required shape of driving
voltage. The means employed for this are given in
the application notes of the ECL 80.

TYPICAL CHARACTERISTICS

Supply voltage Vs 170 200V
Anode voltage V. 170 200V
Screen-grid voltage Ve 170 A%
Screen-grid resistor R,. — 680 Q
Control-grid voltage Vo —104 —139V
Anode current I, 53 45 mA
Screen-grid current I,. 10 8.5 mA
Mutual conductance S 9.5 8mA/V
Internal resistance R; 20 24 kO
Amplification factor
between screen grid and

control grid w2 10 10

OPERATING CONDITIONS FOR SOUND
OUTPUT (one tube in class A)

Supply veltage Vy 170 200V
Anode voltage Wy 170 200V
Screen-grid voltage V., 170 v
Sereen-grid resistor R,. — 680 Q
Control-grid voltage V,, —104 —139V
Anode current I, 53 45 mA
Sereen-grid current 1, 10 8.5mA
Mutual conductance 5 9.5 SmA/V
Internal resistance R; 20 24 kQ
Matching resistance R, 3 4 kQ
Power output

(do. =—=10%) W, 4 4W
Input signal

(dioi =10%) V; 6 T Vs
Input signal

(W,=50mW) V,; 05 0.55 Vs
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OPERATING CONDITIONS FOR SOUND o - ST 2100
| | | | |
OUTPUT (two tubes in push-pull) u | T ; ‘ 'i-n[A)
i |
T ‘ - I
Anode voltage V. 170 200 AY NN m T
Sereen-grid ‘! T ‘ /
voltage V. 170 200V T EEEEaN —Hso
] ]
Common cathode ! . T, ]
! |
resistor R; 100 135 Q I : ; ——==Igp | /
Matching resist- = [T ! s
ance between [ ! ] II |
anodes R, 4 4 kQ " ‘ §/ 160
NN NS [ | 3
Input signal vV, 0 9.3 0 13.5 V.. 1 I 4’,/
| |
Anode current I, 2x46 2x30 2x45  2x52mA EEEEEREN Y
Screen-grid A:/
| 1 |
current I, 2x8.7 2x17 2x8.5 2x19 V,y, I ! I/ !
Power output W, 9 12W mEE ; va 40
Total distortion d,,, 5 5 % | : ! /' !
\ \ ! 1 /11
| [ L] [ / |
W,
[ VAl
| | /
1 \ T i l T 20
I i | [ [ [
] ] / I 44
= A e
64250 _ ocny l HAAH [No™ 2= T 1T
L i PLE (}F 1] [ Ppd | | "f"/‘ | [ 1]
1 O O 11 [ ¥ M H = H:O
T | ma) -5 =10 =5 0
] S = =S 1 / Fig. 62. Anode current and screen-grid current plotted against
1T T 71 T cont-ol-grid voltage for anode and screen-grid voltage
I HE N {1 I / f 100 V.
“ L1 | ;7\1,7 } Zm .
| |
H T e HL 0 /
i HE “__IQZW HHH
[ ] T | FF LIMITING VALUES
| [ |
| T T
| , [ 0 II 150 Anode voltage at zero anode
| | T T 11 I I ) .
; I / ‘( / current F,,  max. 550V
[T - 1 JNQ? 7 Anode voltage V, max. 250V
l T W Aé/' R Positive peak anode voltage
, | \l//‘ : (10% of the duration of a
AL ST
| I | sANNY4 = e -1
- HH : fd o cvele with a maximum of ,
LIk e T rim IL1 2 m sec.) max.  2.5kV
A ot A LA Negative peak anode voltage max. 500V
1 ’ H A T Screen-grid voltage at zero
f S - screen-grid current V,,, max. 550V
‘ ‘ /y‘ =T ———150 Screen-grid voltage V, max. 250V
s H T //j,M/ i A Control-grid voltage
1 ! } 41 . w":// . N~ (grid current +0.3 pA) V,, max. —1.3V
| T A I{J‘,\,o;ﬁz’:/ T Heater voltage during
117 T ,—-:_,3“—”, B warming-up period max. 245V
=i ] ] . r
Vg‘1 V))-‘30 _25 ‘ _70’ e OD Voltage between heater and
cathode V3, max. 200V
S i ; . Cathode current I,  max. 75mA
1g. 61. Anode current and screen-grid current plotted against LI . 4 - 7
control-grid voltage with anode and screen-grid volt- Anode dlSSlpatlon W. max. IW
age as parameter, Sereen-grid dissipation W, max. 2.5W
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To allow for inevitable spread between individual
tubes and for deterioration during life in frame

with fixed bias R,, max. 04 MQ output applications, the circuit should be designed
with automatic bias R,, max. 1 M2 around a peak anode current not exceeding 90 mA
External resistance between atV, =50V and V,. =170 V.
heater and cathode R;, max. 20 kQ
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MULTI-PURPOSE
TRIODE-PENTODE ECL 80

DESCRIPTION

In all stages of the picture channel and in the
LF. stages of the sound channel of a television
receiver single tubes are used almost exclusively.
In other stages, however, tubes with two electrode

62150

Fig.72. The triode-pentode ECL 80 (actual size).

systems in one envelope are frequently used. This
obviously reduces the total number of tubes to be
employed, thus effecting economies in chassis space
and also in the cost of the receiver. The most
commonly used multiple tubes are double diodes
and double triodes, but in some applications a
pentode system would offer advantages. However,
each section of a double pentode of small dimen-
sions will normally be incapable of providing
sufficient power to permit it to be used in the
frame output stage or as the sound output tube.
These considerations have led to the design of a
triode-pentode, type ECL 80, which is not only
suitable for a large number of functions but is also
of small dimensions. The heater of this triode-
pentode is suitable for either series or parallel

supply, A.C. or D.C., the heater voltage and current
being 6.3 V and 0.3 A respectively.

Some of the wide variety of funections for which
the ECL 80 may be employed are listed below:

Triode section Pentode section
1 | Frame-blocking oscillator | Frame output
2 | Line-blocking oscillator Frame output
3 | A.F. voltage amplifier Sound output
4 | Frame or line oscillator Syne. separator
5 | Half of frame multivibrater| Frame output
6 | Frame interlace tube Syne. separator
7 | One half of line Cther half of line
multivibrator multivibrator
APPLICATION
1. TRIODE AS FRAME BLOCKING
OSCILLATOR

PENTODE FOR FRAME OUTPUT

(rectangular picture 7kV)

Provided deflection coils of reasonable efficiency
are available, the pentode section of the ECL 80
can be used as the frame output tube at a
high-tension line voltage of 170V to 200V for a
picture tube MW 31-16 or MW 22-16 operating with
7kV E.H.T. and presenting a rectangular picture.
Double-D scanning is also often used and, having
regard to the larger picture area, it is advisable to
employ a higher E.H.T., for example 9kV. This
increases the required deflection power quite con-
siderably, and if the ECL 80 is again to be used as
the frame output tube it is necessary to feed the
anode of the pentode section from a higher supply
voltage, which may well be the boosted high tension
in the line output eircuit. As previously shown,
it is also possible in this case to use a PL 82 instead,
which can be fed from the normal high-tension line.

Fig. 73 gives a circuit of the ECL 80 as frame
blocking oscillator and frame output tube operating
with a line voltage of 180 V. This circuit is suitable
for the vertical deflection of a picture tube MW
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31-16 or MW 22-16 provided the E.H.T. is not
higher than 7kV and a rectangular picture is used.

The pentode grid is supplied with a saw-tooth
voltage from the grid circuit of the blocking oscilla-
tor, as a more linear saw-tooth is obtained for the
same H.T. voltage than from an RC network in the

% +1p=180V

—p
é 147000
pF

O'I"i‘F 82M0Q 047uF
10850 §CL80
MO

-r75yF
S
3

05mM0
0.22M 0

54 ‘fﬂ

MO

560pF

0IMQ 0IMO
0.33M0Q

700y F

__L 64296

Fig. 73. Circuit for vertical scanning of a rectangular picture
on a picture tube MW 22--16 or MW 13—16 oper-

ating at 7kV second-anode voltage.

anode circuit. A blocking transformer type 10850
can be used, the turns ratio of which from the grid
circuit to the anode is 2 : 1. The horizontal hold is
effected with a potentiometer of 0.5 MQ in the grid
circuit. - For the synchronization negative-going
pulses can be applied to the anode of the triode
section.

The data of the frame output transformer T, are
not given in fig. 73 because these depend upon the
characteristics of the deflection coils used. An
output transformer can be calculated on the lines
indicated in the application notes of the PL 82, but
it should be realized that adequate primary self-
inductance must be provided so that the peak anode

current does not e a
and ¥,,=—170 V. As indicated in the diagram, a
capacitor of 47,000 pF should be connected across
the transformer secondary in order to prevent inter-
ference from the line coils.

Heavy negative feedback is applied across the
pentode section of the ECL 80. This feedback pre-
vents any tendency towards microphony, whilst,
moreover, the time constant of the RC network
feeding back the anode alternating voltage is so
chosen that a parabolic component is added to the
driving voltage. The amplitude of the parabolic
component, and thus the linearity of the deflection
current, can be regulated with the potentiometer
of 0.1 MQ. The component values indicated only
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serve as a general guide and depend upon the
primary self-inductance of the transformer used.

It will be noticed that the resistor between the
pentode grid and the height control is shunted by
a capacitor of 560 pF. This capacitor has practically
no influence during the scan, but during the flyback
it results in a negative pulse being supplied to the
control grid and thus blocking the tube. Length-
ening of the flyback by the flow of anode current
is therefore prevented.

2. TRIODE AS FRAME BLOCKING
OSCILLATOR

PENTODE FOR FRAME OUTPUT
(double-D picture 9 kV)

It has already been indicated that for a double-D
picture on a picture tube operating at 9 kV second-
anode voltage a higher deflection power is required
than in the case of a rectangular picture and 7 kV
E.H.T. It is then necessary either to feed the anode
of the pentode section of the ECL 80 from a higher
supply voltage or to use a PL 82 instead.

Fig. 74 gives a circuit in which the ECL 80 is
used. This circuit is intended to operate in con-
junction with the deflection and focusing unit type
10914, data of which are given in the application
notes of the PL 81, where a line output circuit is
described operating with a booster diode and giving
a boosted H.T. voltage of 410 V. This voltage is also
used to supply the anode of the frame output
pentode. The circuit of fig. 74 is capable of pro-
viding the vertical deflection on a picture tube
MW 22-16 or MW 31-16 for a double-D picture and
9 kV E.H.T.

The syne. signal is applied to the blocking oscilla-
tor via a double integration circuit, which gives
a better interlace than with single integration. The
charge capacitor C, in the triode grid circuit has
been kept low so as to facilitate synchronization
with the integrated sync. signal. A syne. signal of
about 75 V peak-to-peak is required at the terminal
S, and this can be obtained with the separator
circuit given in fig. 75. A standard blocking trans-
former type 10350 with a turns ratio of 2:1
between L, and L, has been used. The potentio-
meter R; is the vertical hold control.

The saw-tooth voltage for driving the output
penthode is obtained in the anode circuit of the
triode section, which is supplied with 410 V. Ry
and C, in series with the charge capacitor Cy serve
to give a negative peak during the flyback, which

00000 O0COPCOOCQOOOROCEOOCOOOOCEOCOEOROOROOPOPEOEOEOCEOOOCCOCOOROPOOCCOCOROCOCOECREOEOCOROPOPOPOCOPEOOROROOOROOOCEOROOROOCROCOREOEOEOROCOROOOPCOROCOREOCEEOREOOCOCREOREOECREOREGEECETEO®TPOOY



)

EENNEEITEIENEENNEENEEEENENEENENENEENEN NN NN ENENEENEENEENNENENERNENENEENENEENENENEENEN NN NN EENENE FENFEEEEENE NN ENEENEEEFEE NN N R NN NN NN N N N N

r9o009090

blocks the pentode. In the circuit previously de-
scribed this peak was obtained by reducing the
negative feedback across the pentode for high fre-
quencies. An advantage of the arrangement given
here is that a high feedback factor is maintained

ECL 80

Deflection current peak-to-peak 540 mA
Average anode current of the pentode 9.6 mA
Peak anode current of the pentode 21.5mA
Screen-grid current 2.2mA

Cathode voltage

approx. 10.5V

S
(=
I 33000pF
Cp=
0.1uF
R=06MOZS
i <
I‘,lll
(3
$
)
.
&
(=}
iz § g
g 5 b SGo=
1] 1 25uF
2 © &
& < & 500v
= = = 40V = 64297
195v

Fig. 74. Circuit for vertical scanning of a double-D picture on a picture tube
MW 22—16 or MW 31-—16 operating at 9 kV second-anode voltage. The
anodes of the triode section and the pentode section are fed from the
boosted high-tension supply of 410V in the line output circuit (see

fig. 98).

also for high frequencies, which is favourable with
regard to microphony.

There are two possible arrangements for the
height control. According to one arrangement the
charge resistor can be varied, but this has the dis-
advantage that, owing to the high time constant of
R..C;, there is a time delay in the adjustment of
the picture height. The method represented in
fig. 74, see R,;, does not possess this disadvantage.

Negative feedback is applied across the output
pentode via C; and Rs. The values of these com-
ponents are so chosen that the required parabolic
component is obtained in the anode current. It may
be necessary, when large deviations in component
values are to be expected, to make R; variable for
adjusting the linearity. The linearity of the begin-
ning of the scan is adjusted with the potentiometer
R- in the cathode circuit.

A standard output transformer type 10871 is used
in this circuit. Owing to the high supply voltage
and the consequently high turns ratio of this trans-
former, a high positive voltage peak occurs across
the primary during the flyback. This peak has been
kept below 1200 V by the inclusion of the damping
circuit R,;C.,.

The currents and voltages in the output circuit
are as follows:

3. THE ECL 80 AS SYNCHRONIZATION
AMPLIFIER AND CLIPPER

A circuit in which the ECL 80 is used as syn-
chronization amplifier and clipper is given in
fig. 75. The composite video signal, the syne. pulses
of which are positive, is applied to the control grid
of the pentode section via a normal blocking

>+, =780V

|

10000pF
?

=i~ 64298

33k

=
B

Fig. 75. Synchronization amplifier and clipper employing
ECL 80.

capacitor and a resistor of 10 kQ, the sole purpose
of which is to prevent an undue increase of the
capacitance in the anode circuit of the preceding
video stage. The screen-grid voltage is chosen low,
giving a grid base of only about 2V, thus ensuring
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effective separation of sync. and video signals. The
average anode voltage is about 48 V and during
the syne. pulses this drops below the knee in the
1./V, characteristic, so that the peaks of the syne.
pulses are limited. At the anode of the pentode
section negative-going sync. pulses of 45 V peak-to-
peak are available, and these are applied to the
triode grid for further amplification and limiting.
Finally the output pulses of the triode section are
positive-going and the amplitude is 75V peak-to-
peak.

4. TRIODE AS AF. VOLTAGE AMPLIFIER
PENTODE FOR SOUND OUTPUT

Extensive information referring to these uses are
given under “Technical Data”. The ECL 80 permits
the design of an audio amplifier of higher sensitiv-
ity than that of a normal single audio stage. Pre-
cautions should be taken, however, to avoid two
possible sources of oscillation.

Oscillation at a low audio frequency may occur
due to feedback through the common cathode
rcsistor circuit when a common cathode resistor,
tapped for the tricde, is used. This may be avoided
by using a long time constant in the cathode circuit
(Cry=100 uF) and a short one for the coupling
between the triode anode and the pentode grid

TECHNICAL DATA
HEATER DATA

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

series or parallel supply
Heater voltage V 6.3V
Heater current I; 0.3 A

BASE CCNNECTIONS AND
DIMENSIONS (in mm)

max 22.2

4120

(€, = 5000 pF: R, =—0.68 M2). The A.C. earth
return of the circuit feeding the triode grid should
be connected to the cathode, as otherwise the time
constant of €, R,, may have to be further reduced.

Oscillation at a high audio frequency may ocecur
due to coupling through the capacitance between
the pentode anode and the triode grid. The im-
pedance in the triode grid circuit should therefore
be kept as low as possible (R,,=—0.2MQ). The
output transformer primary should also be shunted
with a high-frequency RC damping circuit to pre-
vent a rise in the anode load impedance of the
pentode at the higher frequencies. In extreme cases
it may be necessary to use a capacitor between
triode anode and triode grid, or between triode grid
and earth.

The tendency towards oscillation at a high fre-
quency as mentioned above may, however, most
conveniently be reduced by applying negative feed-
back from the anode of the pentode section to the
triode anode. A resistor of 0.68 MQ will suffice for
this purpose. The effect of this form of feedback
on distortion and sensitivity is such that the sensitiv-
ity is reduced to about half that obtained without
negative feedback whilst the distortion is consider-
ably reduced, especially at low output; for example
at 0.1 W without negative feedback d,., — 2.5%,
and with negative feedback d,, = 0.5%.

Mounting position: any

CAPACITANCES

Pentode section G, 5.0 pF
Ca 4.5 pF
Copn < 0.2 pF
Gy < 0.25 pF
Ckf 3.7 pF

Triode section C, 0.8 pF
G, 2.1 pF
Cov 0.9 pF
Cir < 0.05 pF
Cyy 3.7 pF

Between sections Cix_an < 0.12 pF
Cor_ o < 1.2 pF
Cot_gip < 0.2 pF
Cot.gi < 0.2 pF
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TYPICAL CHARACTERISTICS

Pentode section

Supply voltage ) 170 200 250 V
Anode voltage V., 170 200 250V
Suppressor-grid voltageV . 0 0 (1AY
Screen-grid voltage  V,, 170 200 AY

Screen-grid resistor R, = s

4.7kQ
Control-grid voltage V,, —6.7 —8 —122V

N

ECL 80

OPERATING CONDITIONS AS SYNCHRONI-
ZATION SEPARATOR, pentode section

Anode voltage Vs 20 'V
Suppressor-grid voltage Vs 0 Vv
Screen-grid voltage Vs 12V
Control-grid voltage Vo 0 —145V
Anode current I, 2 0.1 mA

Suode urrent I 15175 l4mA  ,ppp ATING CONDITIONS AS A.F. VOLTAGE
Sereen-grid current 1;s 28 33 2.6 mA
Mutual conductance S 3.2 33 2.6 mA/V AMPLIFIER, triode section
Internal resistance R, 0.5 0.15 0.2 MQ
Amplification factor I" R, R/') —V, 1, Vo?) VoVi duo
between screen grid (V) (ke) (k@) (V) (mA) (Vips) (%)
and control grid p,,, 14 14 14 170 47 150 3.5 1.8 29 95 8.7
170 100 330 3.5 1.0 24 105 7.6
170 220 680 3.5 0.5 24.5 11 6.5
Lraadesention 200 47 150 42 22 27 95 90
Anode voltage v, 100V 200 100 330 4.2 1.2 29  10.5 8.0
Grid voltage v, 0V 200 220 680 4.2 0.6 30 11 6.5
anais wmrent L, BmA 950 47 150 55 28 36 95 92
N[utllé'll.COII.duCtallce S 1.9mA/V 250 100 330 5.5 L5 30 105 8.3
Amplification factor m 20 250 920 680 55  0.75 40 11 7.0
') Grid resistor of next tube.
i ) Output voltage at start of I,. At lower output voltages
OPERATING CONDITIONS AS SOUND the distortion is proportionately reduced.
OUTPUT TUBE, pentode section
Supply voltage Vi, 170 200 250V LIMITING VALUES
Anode voltage Wy 170 200 250V .
Suppressor-grid voltageV/ 0 0 (1AY Pentode sestion
Screen-grid voltage V,. 170 200 A Anode voltage at zero anode
Sereen-grid resistor R, == = 4.7 kQ current V,, max. 530V
Control-grid voltage V, —6.7 —8 —12.2V Anode voltage V, max. 400V
Anode current I 15 17.5 14 mA Positive peak anode voltage
Screen-grid current [, 2.8 3.3 2.6 mA (109 of the duration of a
Mutual conductance S 32 3.3 26mA/V  cycle with a maximum of
Internal resistance R; 0.15 0.15 0.2 MQ 2 m sec.) max. 1200V
Matching resistance R, 11 11  17.5kQ Negative peak anode voltage max. 500V
Power output Screen-grid voltage at zero
(diot = 10%) 1 14 155W screen-grid current Vs, max. 550V
‘Input signal Screen-grid voltage Vi max. 250V
(dior =10%) 3.7 4.l 5.3 Vo Control-grid voltage
Power output (grid current +0.3 pA) Vs max. —13V
(n=>50%) 1.27 1.75 1.95W Heater voltage during the
Input signal warming-up period max. 9.5V
(n="50%) 44 5.1 5.9 Vi Voltage between heater and
Input signal cathode FVy; max. 150V
(W,=50mW) 0.7 0.7 0.75 Vg Cathode current I max. 25 mA
51
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Peak cathode current (10%
of the duration of a cycle
with a maximum of 2m sec.) I, max. 350mA
Anode dissipation W, max. 3.5W
Screen-grid dissipation W, max. 12W
External resistance between
control grid and cathode R,
with fixed bias max. 1 Mo
with automatic bias max. 2 MQ
External resistance between
heater and cathode R;; max. 20 kQ

T T T
To allow for inevitable spread between individual i a
tubes and for deterioration during life in frame } . » i
8 ! [ I i
output applications, the circuit should be designed ! Wl | o JL ERAE /(/ol] | Ilj .
around a peak anode current not exceeding 26 mA [ EEmEm ¥ anyimari
; W i D a i
at Vu = 509 ng = 170 V. At I/u = 60 V, V(,g == T %7‘ ‘]‘+ 1T 1 1 - P‘\OI/V*\; | II { -/
‘ i ‘ ] AR
200 V the corresponding value for the peak current DO T 7 ) any
is31mAand at ¥,=70 V, V,, — 250 V it is 42 mA. b } ! } | : I A{} W/ CN 1,
| . ﬁ"“f;_f—’fi"‘ /1 Van
T NN 1&,/*%@
| ) I 1 I /'/ vd /' D4
7R02968 1 A > B A TTA
[ TECL &0 4-1-%7, Mlh;t B / T e ] ‘) ! Ho
EEEESEENEEEY EE -8 Wsv) -6 -4 —2 0
|| | 1 It 1 70
EEmaEaEaEsn i,
T f Iy Fig. 78 Anode ecurrent of pentode section plotted agairs
- - /mA) control-grid voltage for anode and screen-grid volt.
} VL‘ HH ages between 10V and 50 V.
e /4’?:}”6‘0
il }, 4
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HHHH ‘ : :
Sagss iy (Ssesy Triode section
mmar amm: 50
H F’l YI— Anode voltage at zero anode
A ,'“_ | current }V,, max. 550V
I #?{-f Tf? Anode voltage V, max. 200V
HHHAHHHAA ‘,[‘0 Control-grid voltage
o T +‘§z’3 Hfrt ,‘L+~ (grid current +0.3 pA) ¥, max. —1.3V
! | RS c‘\‘;/ e / Heater voltage during
T X AT 1 | g . ) .
ﬂ‘:l EEEREE M‘ \[ 1\ ] SER &LQA 7*1/" 0 ‘i ! 30 warming-up period max. 9.5V
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] R | EREEEEY AR AN imEE i
iEs f‘r %4:7; @ﬁjﬁj} % I LJ‘ h‘\\Q/Iw i H’ ‘ cathode V;; max. 150V
B ! ASHE sy A DY) Cathode current I max. 8 mA
i H y 27 AmEy & mmmmmy At i
jm T ARRWiny ARaEuw i Peak cathode current (1097
I ! / mmn N of the duration of a cycle
1 } = 8 S T 10 with a maximum of 2 msec.) I, max. 200mA
P.d Al o e . -
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1 P, JElElEta): INEEP 4B .
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Fig. 77 Anode current of pentode section plotted against

control-grid voltage for anode and screen-grid volt-
ages between 50 V and 250 V. heater and cathode R;; max. 20kQ
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LINE OUTPUT PENTODE PL 81

DESCRIPTION

The PL 81 is an all-glass power pentode on Noval
base and with a top anode connection, specifically
designed for operation as a line output tube. In
spite of its small dimensions the average tube will

62146

Fig. 97. The line output pentode PL 81 (actual size).

deliver a peak anode current of 380 mA at an
anode voltage of 70 V and a screen-grid voltage of
170 V. The anode is adequately insulated to with-
stand positive and negative voltage peaks of 7kV.

Quite apart from the use of the PL 81 in a tele-
vision receiver, for which it is primarily intended,
two of these pentodes can also be used in the final
stage of an A.F. power amplifier. At a supply
voltage of only 170 V two tubes PL 81 in push-pull
B will deliver a power output of 13.5 W and at a
V3 of 200 V the output is 20 W.

APPLICATION

In the line output circuit of a modern television
receiver the line output pentode PL 81 will nor-
mally be used in conjunction with a booster diode
type PY 80. The booster diode circuit is a device
whereby the energy in the line output circuit
(transformer and deflection coils), which would
otherwise be dissipated uselessly in damping re-
sistors during the flyback period, is recovered and
used for boosting the H.T. supply voltage. This is
particularly advantageous in equipment employing
the DC/AC (transformerless) technique where the
available H.T. sapply voltage rarely exceeds 170
to 200 V.

The H.T. boost therefore permits operation of
the line output tube at a higher anode supply
voltage with corresponding reduction in anode
current. In addition, it makes available a higher
H.T. supply voltage for such purposes as the first-
anode voltage of the picture tube and the anode
voltage of the frame output stage. Another ad-
vantage connected with the use of a booster circuit
consists in the fact that the voltage across the line
output transformer is kept constant during the scan
by the booster diode, which results in a more
linear scan.

The E.H.T. voltage for the second anode of the
picture tube can be obtained in many different
ways, but the most convenient and efficient method
used nowadays is to rectify the flyback pulses
occurring at the anode of the line output tube by
means of a special diode, the EY 51.

Tt is thus seen that the applications of the PL 81
line output pentode, the PY 80 booster diode and
the EY 51 E.H.T. rectifier are closely interrelated.
For this reason, in the following pages the appli-
cation notes relating to these tubes have been com-
bined. A line output circuit is given using standard
components and suitable for horizontal double-D
deflection with a picture tube type MW 22-16 or
MW 31-16 operating at 9 kV second-anode voltage.
Since the operation of a line output stage greatly
depends upon the amplitude and shape of the
driving voltage used, also the circuiting of the line
multivibrator and the synchronizing stage is given.
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I. A CIRCUIT FOR HORIZONTAL DEFLEC-
TION FOR THE PICTURE TUBES MW 22-16
OR MW 31-16 OPERATING AT 9 kV SECOND-
ANGDE VOLTAGE

A complete circuit diagram is given in fig. 98.
In this circuit the functions of the tubes are as
follows:

ECH 42 synchronizer
ECL 80 Iine multivibrator
PL81 line output

PY 80  booster

EY 51 E.H.T. rectifier

The operation of the line output circuit can best
be understood by assuming a linear saw-tooth cur-
rent to be present in the deflection coils; see fig. 99.
For double-D deflection a current of about 900 mA
peak-to-peak is required in the line coils incor-
porated in the deflection and focusing unit type
10914. The self-inductance of the line coils is
3.77 mH and the resistance 4.7 Q, so that at a line
frequency of 15,625 c¢/s (625 lines) a practically
constant voltage v, of about 60 V is developed

The voltage v, across the secondary L is stepped
up by the booster winding L to about 210 V during
the scanning peried. During this period the voltage
between the poinis 4 and 6 is such that the anode
of the booster diode PY 80 is positive with respect
to the H.T. supply line V.. During the scan, there-
fore, the diode conducts, with the result that this
voltage is effectively added to the H.T. supply. The
voltage between the cathode of the PY 80 and earth
is 410 V and this voltage is available for the anode
supply of the PL 81, whilst it can also be used o
feed the first anode of the picture tube and the
anode of the frame output stage.

It should be realized that as a result of the large
step-up the PY 80 is subjected to a very large peak
inverse voltage. The tube, however, is adequately
insulated to withstand this condition. It is, however,
essential that a suitable insulation is provided in
the tube holder, the cylindrical centre shield of
which should be removed, whilst it is also advisable
to remove the contacts 1, 6 and 7, thus further
reducing the risk of flashover and minimizing the
leakage through the holder. In addition, certain
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Q 3 Mf.]. %
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I N 10924 .
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] A {h- :
s S :
E Cg= =
Q g I 470pF| C6= N = N
Iz= ® 047, s o g
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T 2e CA'-- ?I S & N
Ik = = == 55 &
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L L o—mn SRRl | a8 e Terdooor 3300pF_|_

R19=0.39M0;
w
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Fig.98. Circuit for horizontal scanning of a double-D picture on a picture tube
MW 22—16 or MW 31—16 operating at 9kV second-anode voltage. The
heater current of the ECH 42 is 0.23 A, so that a shunt resistor of 90

is required across this heater.

during the scan. During the flyback a large
sinusoidal voltage peak v, occurs. The line coils
are shunted by a variable inductor type 10921,
the self-inductance of which can be varied between
8.8 and 32 mH, for adjusting the current in the
deflection coils.
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types of holder may have to be mounted in a plate
of insulating material.

The boosted H.T. supply allows of the turns ratio
between the primary and the secondary of the
transformer, that is between L,L;L; and L., being
much greater than is possible without H.T. boost,
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and this results in a proportional reduction in the
current consumption of the line output tube. With
the transformer type 10905 the turns ratio is
6.35 to 1, and this means that the anode voitage

of the PL 81 is about 410 — 6.35 X 60 = 29V

Isec

2
a
Vsec
— 1 [
—t
Vo \

2 Q 61906

Fig. 99. The deflection current a and the voltage across the
secondary of the line-output transformer b.

during the scanning period. Owing to resistance in
the transformer windings and in the deflection coils
the voltage drop across the primary is not entirely
constant; a voltage varying between 23 and 43V
during the scan has actually been measured between
anode and cathode of the PL 81. This low anode
voltage might result in excessive screen-grid dis-
sipation’ and for this reason a screen-grid resistor,
R.:, has been included, whilst a cathode resistor
has been used to prevent an overload of the anode
upon failure of the driving voltage. The coil L, is
incorporated in the anode connector cable for the
PL 81 and serves to prevent the penetration of
V.H.F. oscillations, which might occur at the be-
ginning of- the scan, into the line output circuit.

From fig. 99 it may be seen that when the anode
of the PL 81 is negative with respect to the H.T.
line during the scan, a very high positive voltage
peak will occur during the flyback period. This can
be rectified for obtaining the E.H.T. for the picture
tube. For this purpose an overwind, L, is provided
on the transformer, and a rectifier type EY 51, the
heater of which is fed from a separate winding L,
is used for the rectification. The EY 51 and the
protecting resistor R.. are also incorporated in the
line output transformer assembly. It will be noticed
that no separate reservoir capacitor is used and it
is therefore necessary to use a picture tube with

PL 81

external conductive coating, such as the MW 22-16
or the MW 31-16, the capacitance of which between
the internal and the external coating serves as
reservoir capacitor.

In order to prevent interference with other cir-
cuits of the receiver — or with other television or
broadcast receivers in the neighbourhood — it is
advisable to enclose the line output circuit in a
perforated screening cage. This screening is in-
dicated in fig. 98 by the broken line.

The currents and voltages of the line output
circuit are as follows:

Average values:

Supply voltage V7, 195V
Current from supply 78 mA
Anode curreat PL 81 65 mA
Screen-grid current PL 81 21 mA
Current drawn from 410 V terminal 13 mA
Voltage across R, 15.6 V
Sereen-grid voltage 143V
E.H.T. (terminal 7)

at 100 A 9.8 kV

at 200 pA 9.2 kV

Peak values:

Anode current PL 81 140 mA
Screen-grid current PL 81 65 mA
Ripple at Cy; 0.5V

Driving voltage PL 81 peak-to-peak 130 V
130V

Al_*___ 64300

Fig. 100. Shape of the driving voltage for the PL 81.

The driving voltage of the PL 81 has a shape as
represented in fig. 100, and this voltage is obtained
with the multivibrator circuit equipped with
ECL 80. During the fiyback the line output pentode
is cut off by the negative pulse, thereby preventing
any additional damping, which otherwise would
reduce the available peak voltage for rectification
of the E.H.T.

A multivibrator with equal time constants in the
grid circuits gives an output which is symmetrical,
that is to say, the rectangular positive and negative
blocks are of equal duration. This circuit is of the
asymmetrical type, so that the duration of the
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negative pulse is slightly longer than the flyback
period of the line-output circuit, which is approx-
imately 16% of the cycle.

In order to improve the frequency stability of
the multivibrator a tuned circuit, L,C,, has been
taken up in the anode circuit of the triode section.
This circuit is tuned to 15,625 ¢/s with the aid of an
adjustable “Ferroxcube” core. The free-running
frequency of the multivibrator can further be ad-
justed with R;, of 0.5 MQ. L, and C, are available
as one unit under the type number 10924. The
nominal self-inductance of L, is 10 mH and the
regulating range is from 6 to 14 mH. C, has a
capacitance of 10,000 pF.

A novel circuit, which is very insensitive for
interference, has been used for synchronizing the
multivibrator. A sync. signal of 75V peak-to-peak
is applied to the grid of the triode section of the
ECH 42, which is internally connected with the
third grid of the hexode. This signal can be obtained
with the syne. separator described in the application
notes of the ECL 80. Grid rectification takes place
in the triode section of the ECH 42, with the result
that the third grid of the hexode section is at
cathode potential only during the sync. pulses,
whilst it is heavily negative during the intervals
between the pulses. There is, therefore, a possibility
of anode current flowing in the hexode, provided
this section is not blocked by a negative voltage on
the first grid. This grid is supplied with a part of
the alternating voltage occurring across the primary
of the line-output transformer; see terminal 2. The
flyback pulses of the latter voltage are positively
directed, so that grid rectification again takes place
and the hexode section is consequently blocked
during the intervals between the flyback pulses.
Anode current can therefore only flow in the
hexode section when both the sync. pulses and the
line-flyback pulses occur simultaneously, whilst the
average value of the anode current is determined
by the degree of overlapping of these pulses. This
is illustrated in fig. 101, in which the shape of the
pulses is idealized.

As a result of the anode current pulses a voltage
drop occurs in the anode resistor R; and the pul-
satory character of this drop is smoothed out by
C; and C;. The voltage at C- is applied via R, and
R;; to the control grid of the pentode section of the
multivibrator and thus influences the frequency.
In order to prevent hunting, it is necessary to in-
clude a resistor R,: in series with C,.

If it is assumed that the relative position of the
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pulses represented in fig. 101 applies to the steady
state condition, it will be clear that when the fre-
quency of the multivibrator increases, that is when
the pulses V,,; move to the left relative to
V,r, the average anode current of the hexode section
of the ECH 42 will also increase. This results in a

64301

Fig.101. The anode current i, in the hexode section of the
ECH 42 varies with the relative position of the pulses
Vo and Vi on the triode and hexode grids res-
pectively.

higher voltage drop in R, as a consequence of
which the frequency deviation of the multivibrator
is reduced. The same reasoning can be applied for
the case where the frequency of the multivibrator
decreases. In this case the anode current of the
ECH 42 will decrease, resulting in a lower voltage
drop in R,, which also tends to reduce the fre-
quency deviation. It is thus seen that the multi-
vibrator frequency is kept constant and “in phase”
with the syne. pulses. In the absence of a signal,
or if, as a result of an interference burst, the syne.
signal fails for some time, it is necessary that the
frequency of the multivibrator is maintained. For
this reason the resistors R;, R, and R; have been so
chosen that the anode currents with and without
syne. signal are about equal.

On closer examination of fig. 101 it appears that
the synec. pulse starts before the flyback pulse, so
that the time available for the flyback of the line
output circuit is reduced. This is not so serious as
it might seem at first sight. Actually, the shape of
the flyback pulse ¥V, is approximately sinusoidal,
see dotted line, whilst the amplitude is very large.
Therefore the hexode section of the ECH 42 can
only draw current during the peak of the sinusoidal
pulse, so that it is quite possible to adjust Ry, in
such a way that the beginnings of the flyback pulses
and the sync. pulses coincide.
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Finally, in the actual circuit differentiation has
been applied for the sync. pulse, see C; and R, in
fig. 98, as otherwise during the frame pulses the
average anode current of the hexode would change,
this resulting in curved sides at the top of the
picture. It is therefore seen that fig. 101 only serves
to explain the principal behaviour of the syn-
chronizing system.

COMPONENTS FOR THE LINE OUTPUT
CIRCUIT

a. DEFLECTION AND FOCUSING UNIT
TYPE 10914

It has already been indicated that the line output
circuit is matched to the line coils incorporated in
the deflection and focusing unit type 10914. This
unit is intended for use in conjunction with the

picture tubes MW 22-16 or MW 31-16. The data are

. PL 81

given below, whilst the connections and dimensions
are represented in fig. 103.

Technical data

Line coils: Inductance 3.77mH
Resistance -4.7Q
Sensitivity 36.5 mA/em at 9 kV
(MW 22-16)
Frame coils: Resistance 9.5Q
Inductance 6.75 mH
Sensitivity 31.5mA/em at 9 kV
(MW 22-16)
Focus coil: Resistance 4676 Q
Current 25 mA approx.
Maximum operating temperature 85 °C

2 — 6 line coils
(see fig. 103) 1-—5 frame coils

Terminals

3 —4 focus coil

5 screen.

65378

Fig.102. The deflection and focusing unit type 10914,

65




PL 81
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Fig. 103. Dimensions and connections of the deflection and focusing unit
type 10914.

b. LINE OUTPUT TRANSFORMER TYPE 10905

This transformer has already been discussed in
the preceding text in connection with the line
output circuit of fig. 98. The data are given below

and a dimensional drawing is represented in fig. 105.

Technical data

Type number 10905

For use with line output pentode PL 81
and booster diode PY 80

Line repetition rate 15,625 lines per second

Inductance of primary

(terminals 1 and 5) 156 mH at 500 c/s with
30 mA D.C.

Turns ratio primary-secondary

(terminals 1 — 5 and 3 —4) 6:351 1
Maximum operating temperature 85 °G

Terminals (see fig. 105) 1

Fig. 104. The line-output transformer type 10905.

cathode booster

tap on primary for sync.
line coil

line coil and H.T. supply
anode output pentode
anode booster

+ E.H.T.
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Fig. 105. Dimensions and connections of the line-output transformer type 10905.

c¢. LINE AMPLITUDE CONTROL UNIT

TYPE 10921

the picture tube. It has been designed for use with
the line-output transformer type 10905 and the line

The line amplitude control unit type 10921 is a  coils of the deflection and focusing unit type 10914.
variable inductor with “Ferroxcube” core serving The data are given below and a dimensional

to adjust the width of the image on the screen of  drawing is represented in fig. 106.

Fig. 106. Dimensional drawing

i

=
[ NS i SENS

|

€5379

of the line amplitude control unit type 10921.
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Technical data

Type number 10921
Minimum inductance 8.8 mH
Maximum inductance 32 mH

Maximum operating temperature 85 °C
d. TUNED CIRCUIT FOR LINE
MULTIVIBRATOR TYPE 10924

This unit comprises an inductor with a nomi-
nal self-inductance of 10 mH and an adjustable

“Ferroxcube” core. A fixed mica tuning capacitor
of 10,000 pF has been built in. The tuned circuit
serves to improve the frequency stability of a multi-

vibrator driving the line-output stage.

Technical data

Type number 10924
Minimum induciance 6 mH
Maximum inductance 14 mH
Fixed tuning capacitor 10,000 pF
Maximum operating tempcrature 85 °C

N

Q

o

Fig. 107. The line amplitude control unit type 10921.
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TECHNICAL DATA OF THE PL 81

HEATER DATA

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

215V

Heater cureent I; 0.3 A

Heater voltage V,

BASE CONNECTIGCNS AND
DIMENSIONS (in mm)

a %\
s
@ . .
gt o B
" ‘EU
B f F ‘jf
Fig. 108. o
Mounting position: any
CAPACITANCES
C, 14.7 pF
C, 6 pF
G < 0.8 pF
C. < 0.1 pF
Ciiy < 0.2 pF
TYPICAL CHARACTERISTICS
Anode voltage V., 170 200V
Suppressor-grid voltage Vs 0 0V
Sereen-grid voltage Ve 170 200V
Control-grid voltage Vy—22 —28V
Anode current 1, 45 40 mA
Screen-grid current 3 2.8mA
Mutual conductance S 6.2 6 mA/V
Internal resistance R; 10 11 KQ

Amplification factor between
screen grid and control grid ., 5.5 5.5

To allow for spread between individual tubes
and for deterioration during life, the circuit should
be designed around a peak anode current not
exceeding 250 mA at V, =70 V, },, = 170 V. At
these voltages with V,; =— —1.0 V, the average new
tube may be expected to give a peak current of

380 mA.

PL 81

For V, =170 V and V,, = 200 V the correspond-
ing values for the peak current are 310 mA and
470 mA respectively.

OPERATING CONBGITIONS AS A.F. POWER
AMPLIFIER (twec tubes in push-pull B)

Anode voltage ¥y 170 200 A%
Suppressor-grid
voltage V,, 0 0 Vv
Screen-grid
supply voltage V. 170 200 Vv
Grid bias Vo —27 —31.5 v
Sereen-grid
resistor R, 1 1 ko

Matching resist-
ance between

anodes R, . 2.5 2.5 ko

. ~
0 22.5 Vs

Input signal Vi 0 19
Anode current I,  2x20 2x73 2x25 2x87 mA
Sereen-grid

current [,, 2x1.5 2x10 2x2 2x12.5 mA
0 13.5 0 20 W

Total distortion d,. — 55 — 5.5 W

Power output W,

LIMITING VALUES

Anode voltage at zero anode

current }V,, max. 550V
Anode voltage V. max. 250V
Peak anode voltage +V,,max. TkV?")

Sereen-grid voltage at zero

screen-grid current V,,, max. 550V
Screen-grid voltage V,, max. 250V
Control grid voltage

(grid current +0.3 pA) V,, max.-1.3V

Heater voltage during

warming-up period max. 32V
Voltage between heater and

cathode V;; max. 200V

Cathode current I max. 180 mA
Anode dissipation W, max. 8W?)
Screen-grid dissipation W,. max. 4.5W ?2)

External resistance between
control grid and cathode R,, max. 0.5 MQ

External resistance between
heater and cathode Rj;; max. 20kQ

') Maximum pulse duration 18% of one cycle, with a
maximum of 18 usec.

) W, + W,. may not exceed 10 W.
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BOOSTER DIODE PY 80

DESCRIPTION
The PY 80 is an all-glass diode on Noval base,

intended for the use as a booster diode. In a circuit
designed to recover energy stored in the line output
transformer and the deflection coils, which would
otherwise be wuselessly dissipated in damping
resistors, the PY 80 can be employed for boosting
the H.T. voltage for the line output tube, thereby

considerably enhancing the efficiency of that stage.

62147
Fig. 117. The booster diode PY 80 (actual size).

In the booster application the cathode of ihe
PY 80 is normally at a high potential with respect
to the heater. The heater-cathode insulation has
therefore been made adequate to withstand a po-
tential difference of 650 V. Furthermore, the anode
insulation will withstand a peak inverse voltage of

4 kV, such as may occur during the flyback.

APPLICATION
See Application Notes PL 81.

7‘1‘

TECHNICAL DATA
HEATER DATA

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

Heater voltage V; 19V

Heater current I, 0.3 A

BASE CONNECTIONS AND
DIMENSICNS (in mm)

max 22,2
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kF f T4
61913
Fig. 118.
Mounting position:  any
Capacitance
between anode and cathode G, 5.5 pF
LIMITING VALUES
Peak inverse anode voltage V, ,,, max. 4kV 1)
Peak anode current Lis max. 400 mA
Average anode current /i max. 180 mA
Voltage between heater
and cathode Vi, max. 650V ?)
Heater voltage during the

warming-up period max. 28.5V

') Maximum pulse duration 189 of one cycle, with a
maximum of 18 usec.

The contacts 1—6 and 8 of the tube holder may not be
used to support the wiring. When the tube hoider 5908/03
is used no special precautions need be taken provided the
peak inverse voltage does not exceed 3 kV. Between 3 and
4 kV. however, the cylindrical centre shield and contact 6
should be removed from the holder, this then being mounted
in a plate of insulating material of about 4 ¢m diameter.

*) Maximum 160 V.us alternating voltage -+ maximum
450 V direct voltage. Cathode positive with respect to the
heater.
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E.H.T. RECTIFIER EY 51

DESCRIPTION

The EY 51 is a miniature all-glass half-wave
rectifier of the wire-in type. Its low heater wattage
renders it particularly suitable for use in E.H.T.
supply units deriving their input from the line
flyback, the heater current being obtained from a
subsidiary winding on the line output transformer.

65250

Fig. 120. The E.H.T. rectifier EY 51 (actual size).

APPLICATION
See Application Notes PL 81,

TECHNICAL DATA
HEATER DATA

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

parallel supply
Heater voltage V; 53V
Heater current I, 90 mA

76

CONNECTIONS AND DIMENSIONS (in mm)

max 145
S
|-
a
B
N
©
g
|
& | v
| fl Itk
tk T . £43%
Fig. 121.
Mounting position  any
Capacitance
between anode and cathode C 0.8 pF
LIMITING VALUES
a.  With sinusoidal input (mains frequency):
Input voltage Vi max. 5 k Visss
Average output current I, max. 3 mA
Reservoir capacitance Ciii¢ max. 0.1 pF
Limiting resistance R, min. 0.1 MQ
b. With sinusoidal input (10500 ke/s):
Peak inverse voltage Ve pap maxs 17kV
Average output current I, max. 0.5mA
Reservoir capacitance Cii;y max. 0.01 uF
Limiting resistance R, min. 0.1 MQ
c.  With pulse input
Peak inverse voltage Viiww max. 17kV
Average output current 1, max. 0.2 mA
Peak cathode current I, max. 80mA")

Reservoir capacitance

Ciiv max. 5000 pF

) For maximum pulse duration %% of the time between
two pulses, with a maximum of 5 usec.
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MAINS RECTIFIER PY 82

DESCRIPTION
The PY 82 is an all-glass diode on Noval base,

intended for use as a mains rectifier in receivers
with series-connected heaters. Used as a half-wave

Fig.124. The mains rectifier PY 82 (actual size).

mains rectifier the PY 82 will provide a rectified
output of 160 mA at an input voltage of 250 V.,
thus satisfying the requirements of receivers of a
simple type. To supply the heavier H.T. drain for
more elaborate television receivers it is necessary to
employ two PY 82 rectifiers in parallel.

TECHNICAL DATA

HEATER DATA

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

Heater voltage V, 19V
Heater current I; 0.3 A

78

TYPICAL OPERATING CONDITIONS
Input voltage Vi 250 240 220 200 127 V.o

Reservoir

capacitance Cy;; 60 60 60 60 60 puF
125 105 65 30 0Q
Output current 1 180 180 180 180 180 mA
V, 195 195 195 195 127V

Limiting resistor R,

Output voltage

LIMITING VALUES

Input voltage Vi, max. 250 Vs
Peak inverse voltage Viinp max. 700V
Output current Iy max. 180 mA
Voltage between heater and

cathode Vyy, max. 550 V1)
Reservoir capacitance Ciirt max. 600 pF 2)

Heater voltage during the
warming-up period max. 28.5 V
Minimum permissible values
for the limiting resistor
Vi 250 240 220 200 127 V.,
R, 100 80 40 30 0Q

BASE CONNECTIONS AND
DIMENSIONS (in mm)

m
max78

Llfma)ﬂ

3
~

64268

Fig.125.

Mounting position: any

') Maximum 220 V.., alternating voltage + maximum
250V direct voltage. Cathode positive with respect to heater.

*) When two tubes PY 82 are connected in parallel the
maximum reservoir capacitance is 100 #F. In this case each
anode must have the minimum limiting resistor specified
above.
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