





PREFACE

Combined triode-pentode systems have been avail-
able for a long time, but it is only fairly re-
cently that the need for good screening between
sections has led to the "side-by-side” construc-
tion. A typical example is the PCF 80, which was
designed for use as a combined oscillator and
mixer in TV tuners for the V.H.F. range. It was to
be expected that a tube like the PCF 80 would also
prove to be very attractive for a number of other
applications inTV receivers, and in many receivers
even three or four PCF 80's are employed‘in ad-

dition to the PCF 80 used in the tuner.

The object of this Bulletin is to give a detailed
account of some of the uses to which the PCF 80
can be put, and to give useful hints for other

functions.

Every type of tube obviously has its limitations
and so has the PCF 80. Mention is therefore also
made of those functions or combinations of func-

tions for which the PCF 80 cannot be recommended.
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INTRODUCTION

The PCF 80 (see Fig.l) is a triode-pentode
in Noval technique with a 0.3 A heater and
has specially been developed for use as an
oscillator-mixer in television tuners.

The two tube sections have separate cath-
odes, and the triode and pentode sections
are mutually screened. These features
render the tube also suitable for a num-
ber of other applications in TV receivers.
The discussion of the various applica-
tions of the PCF 80 in TV receivers will
be preceded by a detailed description of
this tube.

Fig.l. Triode-pentode PCF 80.

CONSTRUCTIONAL

An interesting detail of the PCF 80 is the construction of the
cathodes of both the triode and the pentode sections. Fig.2Za shows
the cross-section of a conventional triode, the cross-section of the
cathode being circular, whilst that of the grid is oval, and that
of the anode is almost rectangular. A disadvantage of this construc-
tion is that the distance between the cathode and the grid differs
from point to point. As aresult, the amplification factor is highest
in the region where the distance is smallest, and vice versa. The
tube will, therefore, have to some extent a variable-mu charac-
teristic, its mutual conductance varying considerably with the grid
bias. For a given effective mutual conductance the mutual conduct-
ance at zero grid bias must then be high, and this can only be
achieved by keeping the minimum spacing between cathode and grid
extremely small (65 u) 1y, Needless to say, that this renders
manufagcture very critical.

Cathode
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Fig.2. (a) Cross-section of an arbitrary triode containing a circular triode.

(b) Cross-section of a triode containing an oval cathode.

l) This figure is calculated for .a circular cathode having the same emissive
power as the cathode of the triode of the PCF 80. The distance cathode-grid
is made so small that the effective mutual conductance of the calculated

tube and that of an actual PCF 80 triode are equal.



This has been avoided by giving the two sections of the PCF 80 a
cathode similar to that shown in Fig.2b. Both the catlode and the
grid have an oval cross-section. This construction has many ad-
vantages compared to that shown in Fig.2a. The distance between
cathode and grid is substantially constant so that the amplification
factor is almost uniform over the circumference of the cathode.
This results in the mutual conductance being less dependent on the
grid bias. At the same time the construction is simplified, since
the minimum distance between the cathode and grid need not be so

small (110 u). Because of its simpler manufacture, the risk of
premature breakdowns and spread in production is greatly reduced.

M 1475
Fig.3. Enlarged radiograph of the Fig.4. Radiograph of the
PCF 80 giving a view from above, PCF 80 (twice actual size).

clearly showing the triode and pen-

tode sections,

The radiographs reproduced in the Figs 3 and 4 clearly show the
construction of the electrode system. It is seen that the triode
and the pentode sections are separated by a screen, which con-
siderably reduces the cross-capacitances. The screen is connected
internally to the cathode of the pentode section.

ELECTRICAL

Due to its high slope and low amplification factor the triode
section of the PCF 80 is a reliable oscillator, even at the oscil-
lator frequencies for band III (174 - 216 Mc/s). Since the mixer



section is a pentode, it has the obvious advantage of the feedback
between the anode.and the control grid being low, which is im-
portant for receivers incorporating band I and operating with
a high intermediate frequency (35-40 Mc/s), or with double-tuned
I.F. transformers with staggered damping. Due to its low input
damping the preceding R.F. amplifier can provide a high gain..

The pentode and the triode sections are mounted next to each other
as a result of which the internal leads of both sections could be
kept short, which renders this tube particularly suitable for
operation on frequencies up to 300 Mc/s.

The mutual conductance of the pentode, under normal working condi-
tions, is 6.2 mA/V, and that of the triode is 5 mA/V. Due to the
high values of the mutual conductance and due to the fact that the
pentode and the triode sections have separate cathodes, the PCF 80
is suitable for a large number of other applications in television
receivers. In this respect the tube is superior to the ECL 80 used
up till now, as the mutual conductances of this tube are considerably
lower and the pentode and triode sections have a common cathode.

The PCF 80 is developed for R.F. applications, and the tube has
straight characteristics, whereas the ECL 80 is a typical A.F.tube.
The differences between these two types of tubes cause that - apart
from A.F. sound applications - the PCF 80 is suitable for a larger
number of applications than the ECL 80.

However, the number of applications of the PCF 80 is obviously
limited, and it will be necessary to investigate the requirements
which are to be made to the tube in a special application.

If the triode and the pentode are to perform strictly separate
functions, the internal éoupling between the two sections is the
factor which decides whether the combination is advisable or not,
especially if the triode and the pentode are to operate at widely
different signal levels.

The coupling between the sections has three components: the leakage
paths between the cross capacitances, the electronic coupling and
the cross capacitances. The leakage paths are negligible in all but
the most critical combinations of functions. The electronic coupling .
is counteracted by the screen between both sections. The screen
diminishes this kind of coupling to a practically negligible
value for the applications dealt with in this Bulletin. The most
important is the capacitive coupling between the anode of the
triode and the first grid of the pentéde, which has a maximum value
of 0.16 pF. To this must be added the tube-holder capacitance,
viz. 0.15 pF to 0.4 pF according to the type. The total capacitance
is shunted by the leakage paths of the tube and the tube-holder.

In certain applications hum may become a limiting factor. In these
cases, limits of sensitivity and the recommended position in the
heater chain must be observed. For application asan oscillator-
mixer in receivers with split-carrier AM sound or split-carrier
FM sound the a.c. heater-to-cathode voltage should not exceed
55 V, and the tube should be as low as possible, in the heater chain.
The values of the interelectrode capacitances also set a limit to
the number of possible applications. A survey of the applications
for which the PCF 80 might be eligible is given below, and the
possibility of the use of the tube in these applications is dis-

cussed.



THE PCF 80 IN VIDEO AND PULSE CIRCUITS
VIDEO AMPLIFIER

The tube can be used advantageously in video output circuits in
which the PL 83 was previously used. In the circuit in which the
pentode section of the PCF 80 is used as a video amplifier and the
triode section as a subsequent cathode follower, the high mutual
conductance of the pentode section and the better frequency response
characteristic which can be obtained due to the d.c. coupled cathode
follower output, make this tube preferable to the PL 83.

In video circuits attention must be paid to the value of the cathode
resistor and the heater-to-cathode voltage with respect to hum.
Detailed data of the maximum permissible values of the cathode
resistor and the heater-to-cathode voltage are given with the
description of a d.c. coupled video amplifier stage.

KEYED A.G.C. AND NOISE INVERTER CIRCUITS

The way in which the contrast control is realised in a d.c.coupled
video amplifier to be described later, requires a special A.G.C.
circuit to operate in combination with the video amplifier. For
that purpose the triode of the PCF 80 can be used; the pentode
section remains then available for other pulse circuits. A de-
scription will be given of the triode section of the PCEF 80 in a
keyed A.G.C. circuit, the pentode section being used as a noise

inverter.

SYNC SEPARATOR, PHASE SPLITTER AND FRAME PULSE CLIPPER

The pentode section of the PCF 80 has a small grid base and a high
slope, which renders the tube suitable for separating the syn-
chronisation pulses from the composite video signal. A descrip-
tion will be given of a circuit in which the pentode section of a
PCF 80 operates as a sync separator, whilst the triode section is
used as a phase splitter for flywheel circuits. It is also possi-
ble to use the triode section as a frame pulse clipper.

LINE TIMEBASE GENERATOR

A considerable improvement in the line sawtooth generator stage
can very well be obtained in replacing the conventional line time-
base multivibrator by a combination of a sine oscillator operating
as a line sawtooth generator, and a reactance control tube. The
frequency stability of the latter circuit has proved to be much
better than that of a multivibrator. A description of the sine
oscillator and the reactance tube will be given in this Bulletin.

When, nevertheless, a line timebase multivibrator is used, it is
advisable to insert a tuning circuit to improve the stabilisation
of the natural frequency of the multivibrator. No interference ef-
fects from stray coupling are experienced when either section of
the tube is used for sync separation or clipping, but, if the pen-
tode is used in the multivibrator circuit while the triode of the
same tube is operating asa frame timebase blocking oscillator, some
interaction between line and frame scanning occurs. This stray
coupling may arise between the connecting leads of the tube-holder
rather than within the tube itself. In any case, in view of the
large pulse amplitudes existing in each of these applications,
this ccmbination of functions in a single PCF 80 is not advisable.



In all varieties of a cathode-coupled multivibrator circuit, hum
must be counteracted by the limitation of the heater-to-cathode
voltages to less than 20 V. The PCF 80 should preferably be the
first tube in the heater chain, and pin 5 should be earthed. Pre-
cautions must also be taken in circuits feeding into the multi-
vibrator.

LINE TIMEBASE COINCIDENCE DETECTOR

Flywheel synchronisation gives considerable improvement over direct
methods of synchronisation in fringe-area receivers operating under
unfavourable conditions. For this method of synchronisation a
coincidence detector is necessary to ensure that the line timebase
oscillator is controlled only by pulses received during correctly
timed flyback.

The flywheel synchronisation can be achieved by a circuit with two
diodes as given in Fig.30, but also the pentode section of a
PCF 80 can be used with the two coincident pulses applied to the
control and screen grids (the suppressor grid is internally strap-
ped to the cathode). When the screen grid is used in this way a
separate pulse amplifier is required; for this purpose the triode
section can be used.

No undesirable stray-coupling effects are observed when the triode
or pentode sections of the coincidence detector tube are exchanged
with those of PCF 80‘s in the line scanning applications described
in this article.

RESTRICTIONS ON USE IN SCANNING APPLICATIONS

The PCF 80 is satisfactory for operation in the video and pulse
circuits mentioned above. Loss of frame interlace, caused by cross
capacitances in the tube holder and wiring but not necessarily
within the tube, may occur in the combination of frame and line
timebase functions in one PCF 80. Only the most elaborate screen-
ing and wiring precautions would remove thisrisk, and this combina-
tion is therefore not recommended.

THE PCF 80 IN I.F. AMPLIFIER CIRCUITS

The capacitance between the anode and the control grid of the
pentode section of the PCF 80 is fairly large (Cagl < 25 mpF)
compared to that of pentodes especially designed for usein I.F.
amplifiers. The tube is, therefore, not suited to be used in I.F.
sound circuits, as the stability of the amplifier may then be upset
due to feedback from the anode to the control grid.

Fig.5. Basic diagram of an A.G.C.

controlled vision I.F.stqge.
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In Fig.5 a diagram is given of an A.G.C. controlled vision I.F.
stage. The variations in the input capacitance of the amplifier

tube caused by variations in the A.G.C. voltage are compensated by



means of an unbypassed cathode resistor R, . This diagram reveals
that the value of the capacitance between the anode and the cathode
of the amplifier tube in such a stage must be small, otherwise the
current circulating through the tuned anode circuit will partly
flow via Cak and Rk‘ In that case the compensation will be de-
teriorated and the stability of the amplifier may even be upset.

The anode-to-cathode capacitance of the PCF 80 is rather high
(Cuprp = 3.2 pF) due to the fact that the screen between both
sections is connected to the cathode of the pentode. The tube is,
therefore, not recommended for use in A.G.C. controlled vision
I.F. stages. Stages not controlled by the A.G.C. voltage may be
provided with the pentode section of the PCF 80 as the cathode re-
sistor is then bypassed or the cathode is even connected to earth.
The fairly high value of the capacitance Cagl between the anode
and the control grid of the PCF 80, however, makes an EF 80 tube
preferable for all I.F. purposes.

It is clear that the triode section of the PCF 80 can be used -
neither in a sound I.F. amplifier nor in a vision I.F. amplifier
due to its high anode-to-grid capacitance (Cag = 1.5 pb).

THE PCEF 80 IN AUDIO CIRCUITS

In general the cross-coupling from the pentode to the triode will
not be so great as that from the triode to the pentode, since the
capacitances from the pentode anode to the triode grid are less
than 0.02 pF. The leakage paths, however, will make it impossible to
use the triode at low audio levels when the pentode is used in a
video or timebase circuit. Conversely, the combined effect of the
cross capacitances and their shunt resistances makes it impossible
to use the pentode as an audio tube when the triode is used in a
video or timebase circuit. Thus neither section should be used in
audio applications when the other section is used in timebase or

video circuits.

"The tube is not recommended for general use in audio applications
‘because of the possibility of hum. The pentode should not be used
as an A.F. amplifier, and its permissible anode dissipation is so
small that use of the tube in output stages is not economical.

The use of the triode section as an A.F. amplifier is also limited
because of the possibility of hum.

"Due to the limitations set to the use of both the pentode section
and the triode section in audio circuits, the PCF 80 is not re-
commendable for use in those circuits, neither as an A.F. amplifier

nor as an output tube.

SUMMARY

The table below shows the combinations of functions which are
permissible for the two sections in one tube. Illogical combina:
tions, such as R.F. applications combined with applications in
pulse circuits, etc., are left out.

The opposite table shows the combinations of functions which are
permissible for the two sections in one tube. Illogical combina-
tions, such as R.F. applications combined with applications in
pulse circuits, etc., are left out.
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) Provided the video signal for the A.G.C.

video detector.

*

) When no flywheel circuit is used.

circuit is

taken directly

In the following paragraphs descriptions are given of six

from the

appli-

cations of the PCF 80 in a TV receiver. The large number of ap-
plications for which the PCF 80 is suitable, make this tube pref -
erable to many other tubes,because the use of the PCF 80 reduces
which obvious-

the number of different tubes in a set considerably,

ly is an advantage for production and service.

The féllowing applications of the PCF 80 are discussed in suc-

cession:

1. The PCF 80
2. The PCF 80
3. The PCF 80
4. The PCF 80

circuits.

in a
in a
in a

a

as

TV tuner.
d.c. coupled video amplifier stage.

keyed A.G.C.

and noise inverter circuit.

sync separator and a phase splitter in flywheel

5. The PCF 80 as a horizontal timebase sine oscillator and a react-

ance control tube.
6. The PCF 80 in a frame timebase circuit.

tion as an R.F.

oscillator is not possible.

receiver.

The table indicates that the combination of the pentode sec-
amplifier and the triode section asan R.F.
This is due to the fairly high
capacitance which exists between the anode of the triode
section and the control grid of the pentode section. It is
clear that it is also not possible to use the triode as a
self-oscillating mixer and the pentode as an R.F. amplifier
in the front end of an F.M. .
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THE PCF 80 IN A TV TUNER

OPERATION OF THE TRIODE SECTION

In the design of the triode section, special care has been tdken
to ensure reliable operation at oscillator frequencies up to
300 Mc/s with normal circuits and from an H.T. line voltage as low
as 180 V. One of the first requirements for the triode is that it
should be capable of providing approximately 10 V oscillator volt-
age with the low circuit impedances occurring at frequencies around
200 Mc/s. Since the pentode mixer section requires about 3.5 V
oscillator voltage, the available voltage permits sufficiently
loose coupling with itscontrol grid. With the normal Colpitts oscil-
lator circuit the oscillator‘voltage of the triode grid is then
approximately 5 V. Now it is highly desirable that under normal
working conditions the tube should operate in class B, because the
steep part of the curve representing the effective mutual con-
ductance as a function of the oscillator voltage is then used,
whilst, moreover, the ratio of the effective mutual conductance to
the mutual conductance at zero grid voltage has still a compar-

atively high value.

Since it is customary to prevent excessive anode dissipation in
the case of oscillator failure by means of a series resistor 1in
the anode supply when the tube operates from an H.T. line voltage
of 180 V, the amplification factor must have a comparatively low
value. The triode section of the PCF 80 has an amplification fac-
tor of 20, so that the desired mode of operation is obtained at an

anode voltage of 100 V.

The design considerations for the oscillator circuit are very
similar to those for the more familiar frequency changer. However,
the fact that there is no direct connection between the oscillator
section and the mixer section lays a greater responsibility on the
set designer because poor oscillator performance can be masked by
a tighter coupling, and so can easily be passed by unnoticed in

the development stage.

Two methods of injecting the oscillator voltage onto the control

grid of the mixer are open to use. They are:

(1) injection by inductive coupling;

(2) injection by capacitive coupling.

The first method lends itself more advantageously to these appli-
cations, ‘especially in the case of a turret tuner, as will be shown
later. In the case of capacitive coupling it is recommended that
the signal is taken from the anode circuit of the oscillator, as
there is already a fixed value of capacitance due to the anode pin

of the triode being adjacent to the control-grid pin of the pentode.

Capacitive oscillator injection from the anode side of the oscil-

lator circuit is also easier because the higher a.c. potential



exists at the anode side of the coil due to the capacitance trom
the anode of the triode to earth being smaller than the capacitance
from the grid to earth,.

Other important aspects of oscillator performance are microphony
and hum-modulation caused by variations of the internal tube ca-

pacitances.

Hum-modulation is defined as a hum phenomenon which is caused by
periodical variations in the interelectrode capacitance between
the cathode and the heater of the oscillator tube. The capacitance
variation is due to the electro-static forces which exist between
the cathode and the heater as a result of the main current flowing
through the heater.

Fig. 6 reveals that the cathode of an oscillator tube is tapped on
the tuned circuit.It should be realised that at the high frequencies
used in modern television receivers neither the cathode nor the
heater can be considered to be earthed and, therefore, the capaci-
tance between the cathode and heater C; . influences the tuning fre-
quency of the oscillator circuit. The electro-static forces between
the cathode and heater make the heater vibrate in the cathode tube
so that C, , varies and detunes the oscillator circuit. The funda-
mental frequency of the resulting hum-modulation appears to be
100 c/s when the frequency of the mains is 50 c/s. -

AWWW—oVj

Fig.6. Oscillator with tuned grid circuit. At
high oscillator frequencies, the cathode and
the heater cannot be considered to be earthed.

The cathode is tapped on the oscillator cir-

cuit via Cgk and Ckf’
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Microphony is caused by variation of the interelectrode capacitances
which results fromexternal excitation of the tube. This phenomenon

obviously also causes detuning of the oscillator.

Both microphony and hum-modulation result in sudden or periodical
variations of the oscillator frequency, and these variations result
in turn in interfering FM and AM in the I.F. signal. The appearance
of AM signals is due tothe limited bandwidth of the I.F. amplifier.

The requirements which have to be fulfilled by the oscillator tube
of a TV receiver with respect to microphony and hum-modulation
depend on the types of circuits used.

There are three different types of sound circuits, and it depends
partly on the TV system used which type of sound circuit is se-
lected. Since amplitude modulation of the vision carrier is pres-
cribed in all TV systems, the vision channel of every receiver
comprises an AM detector - the video detector - and in this respect
the requirements of all receivers are equal. The main properties

of the various sound circuits are described below.

a) The sound channel mostly used 1s the intercarrier system for
FM sound. With receivers provided with such a sound channel the
sound I.F. is equal to the frequency difference between the picture
carrier and the sound carrier. The frequency of the local oscilla-
tor influences the sound I.F. of such a receiver to a very small
extent only. '

11
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b) When the sound carrier is frequency modulated it is also possible to
use the split-carrier system. This means that, after the R.F. signal
has been converted to an I.F. signal, the vision and sound carriers
are amplified and detected separately. Therefore, the sound I.F.
deviation is equal to the frequency deviation of the local oscil-
lator. '

c) When the sound carrier is amplitude modulated, the split-carrier
system is practically always used, so that the sound I.F. deviation
is also equal to the frequency deviation of the local oscillator.

Requirements have been stipulated for the hum and microphony which
are permissible in the sound and the picture channels. On the basis
of these requirements, the maximum permissible variations in each
of the interelectrode capacitances of the oscillator tube have been
calculated for operation in each of the three types of sound cir-
cuits mentioned above. '

HUM-MODULATION

Measurements have revealed that in all types of receivers the sen-

.sitivity of the sound channel to hum-modulation is at least equal

to that of the vision channel. The permissible variations in the .
interelectrode capacitances of the oscillator tube are, therefore,
mainly determined by the sound circuit used.

Since hum-modulation chiefly results in interfering FM, this
phenomenon is most noticeable in receivers having a split-carrier
FM sound channel. In such channels the interfering FM is fully
demodulated in the detector,and results in interference in the
sound output signal.

Measurements, based on internationally accepted requirements with
respect to hum, have revealed that the maximum frequency deviation
of the oscillator that can be tolerated in split-carrier FM sound
receivers due to hum-modulation, is 30 c¢/s. When it is borne in
mind that the oscillator frequency is approximately 200 Mc/s, it
is clear that this requirement is extremely severe. Measurements
show that the variations of the heater-to-cathode capacitance of
the oscillator tube (Cp, of the triode section of the PCF 80 ~ 2 pfF)
must be kept smaller than 1.4-10°3 pEF. Of course, the permissible
variation depends on the oscillator circuit used, but it clearly
demonstrates the difficulties encountered in the construction of
oscillator tubes.

The requirements with respect to hum-modulation which are im-
posed on oscillator tubes operating in receivers having a split
carrier AM sound channel, are mainly determined by the sensitivity
of the AM detector for FM signals. In practice it appears that
this sensitivity is about three times smaller than that of an
original FM detector. Therefore, the requirements for the oscil-
lator tubes are about three times less stringent than in the case
mentioned above, i.e. for split-carrier FM sound receivers.

It has been stated that the sound I.F., and consequently the
whole sound circuit of an intercarrier FM sound receiver is almost
independent of the local oscillator frequency. As a result, the
requirements for the oscillator tube of such a receiver are in
practice approximately 100 times less stringent than those for an

oscillator tube in a split-carrier FM receiver.



MICROPHONY

As to microphony, not only variations in the heater-to-cathode
capacitance should be considered, but also variations in all other
interelectrode capacitances. Since the nature of microphony is
similar to that of hum-modulation in so far as it causes also in-
terfering FM, the relative sensitivity to microphony of the three
different types of sound circuits is equal to the sensitivity of
these types to hum-modulation. This means that a split-carrier FM
sound receiver is most sensitive to microphony, whereas a split
carrier AM sound receiver is three times less sensitive and an
intercarrier FM sound receiver is 100 times less sensitive than a
split-carrier FM sound receiver.

With split-carrier receivers the sensitivity to microphony in
the picture and in the sound output is almost equal. In intercar-
rier receivers, however, the video channel is more sensitive to
microphony than the sound channel, as follows from the figures

given above.

As an example of the requirements which are to be made to the

triode section of a PCF 80 with respect to microphony, it may
be mentioned that variations in the anode-to-grid capacitance
(Cag = 1.5 pF) which are larger than 0.3°10° pF cannot be tolerated
in any type of the receivers described.

It will be clear from the figures mentioned above that in an os-
cillator tube operating at 200 Mc/s the requirements for microphony
and hum-modulation are exceedingly difficult to meet, especially
with regard to the capacitance variation between heater and cathode.
For this reason the PCF 80 has a specially shaped heater, reducing
the capacitance variation to a very low level. It should, however,
be recognized that, with the temperature differences involved, some
play of the heater in the cathode cannot be avoided.

The normal receiver using the intercarrier system with FM sound is
least susceptable to this phenomenon, and among the various argu-
ments in favour of the intercarrier system this is a very impor-
tant one.

With split-carrier FM sound it is necessary to pay much attention
to the positioning of the tuner with respect to the loudspeaker.
In general the mechanical excitation of the tubes must be kept as
small as possible by resilient mounting of the tuner. The circuit
lay-out should be such that the oscillator voltage on the cathode
and the heater of the triode is very small.

A very short lead must, therefore, be used to connect the socket
contact of the cathode to the chassis. It is bad practice to earth
the central shield of the tube holder via the s~me lead, as this
increases the coupling of the cathode with the oscillator circuit.

Finally, the alternating mains voltage between heater and cathode
should be kept small by placing the PCF 80 heater at a low point
of the heater chain.

OPERATION OF THE PENTODE SECTION

The optimum operating conditions of a mixer can conveniently be
determined by examining the contours of constant conversion con-
ductance, which have been plotted inFig. 7 (full lines). The pecu-
liar forms of these contours will be explained by taking as

13
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starting point a mixer tube with a square-law I = f(Vgl) charac-
teristic. When the contours for constant conversion conductance
are calculated for such a tube, curves similar to those shown in
Fig. 8 will be obtained. In this graph the ratio Voscp/'VgO of the
peak voltage of the oscillator signal at the grid of the mixer
tube to the negative grid bias at the cut-off point of the tube
has been plotted along the abscissa, whilst the ratio V l/'VgO of
the applied grid voltage to the negative grid bias at t%e cut-off
point of the tube hasbeen plotted along the ordinate. These curves
indicate the points at which the ratio S./Sg of the conversion
conductance to the mutual conductance of the tube at Vg = 0 is

constant.
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various values (dashed lines). The oscillator frequency is 200 Mc/s.

It is seen that for practically all oscillator voltages the ratio
Sc/SO is proportional to the applied oscillator voltage and the
negative grid bias, and that the curves drop off vertically only
for small values of Voscp/-Vgo and Vgl/’VgO' The latter effect is
due to the negative grid bias of the mixer tube and the applied
voltage being so small that the cut-off point of the tube is not
exceeded. In fact, theconversion conductance for a given amplitude
of the oscillator voltage remains constant when the grid voltages
are such that this condition is satisfied.

Since the actual I = f(V_y) characteristics of a mixer tube do
not obey a square-law rule, the contours for constant conversion
conductance will not be straight. As shown by Fig. 7, the contours
even completely change their direction and, for a given grid bias,
the conversion conductance decreases as the oscillator voltage
increases above a certain value. This is due to the fact that at
positive grid voltages grid current starts to flow. As a result, the
conversion conductance characteristic will have a form as shown in



Fig.7 . When the oscillator voltage applied to the mixer tube is so
large that the tube also operates in the area at which the mutual
conductance characteristic is flat, the amplitude of the fundamen-
tal of the variation in mutual conductance, due to the applied os-
cillator voltage, will decrease, and so will the conversion con-
ductance.

The values of the conversion conductance S, at various oscillator
voltages can be derived from Fig. 7, provided the relation between
the oscillator voltage amplitude and the negative grid bias is
known.

The dashed lines plotted in Fig. 7 represent the bias developed
across the 0.1 M grid resistor and various values of cathode bias
resistors. The lowest line applies to grid leak bias exclusively:
the others are for grid leak bias combined with 330 (2, 820 () and
1.5 k{l cathode bias resistors. The locus of the intersection of these
lines with the contours therefore gives the normal conversion

characteristics for each condition of bias.

An examination of the contours of conversion conductance reveals
that the maximum value of 2.45 mA/V is reached at an oscillator
voltage of 2.3 V (r.m.s. value) and anegative grid bias of 3.6 V.
This condition can be obtained by using a 330 () cathode resistor
in addition to the grid leak resistor. The characteristic for this
adjustment can be seen more clearly in Fig. 9, in which the con-
version conductance has been plotted as a function of the oscil-
lator voltage. This graph shows that the condition which: gives
maximum conversion leads to a rather peaky curve. This can be
avoided by increasing the value of the cathode resistor, which
will, moreover, reduce the influence of spread in tubes, and this

is a definite advantage.
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At a value of Rk = 820 () the curve of conversion conductance runs

almost parallel to a contour which is still reasonably near the
maximum (cf. Fig.7 ). The characteristic for this condition is given
in Fig.10. This curve is substantially flat for an oscillator
voltage of 2 V up to 5 V and gives a variation of conversion con-
ductance from 1.9 mA/V to 2.1 mA/V; it is therefore recommended
that the design be centred on an oscillator voltage of 3.5V ..
In the case of the 330 () cathode resistor the design is also centred
on 3.5 V to allow for variations; this condition results in a
change of the conversion conductance from 1.90 mA/V to 2.45 mA/V
for the same change of drive.

| L;
The total gain is influenced not only by the ‘ %
conversion conductance but also by the input QJ Cox Cimz
damping of the mixer section. The value of 1 T- -r
this damping at the tube holder may be cal- L
Tube

culated from the equivalent circuit shown  holder

AAAAA
VVVV
Q
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in Fig.ll, in which the symbols used have Fig.ll. Equivalent cir-

the following meanings: cuit for calculating the
A dampin at the tube
g; = input conductance of the warm tube PIRg 9h

holder.
(approx. 500 wA/V), .

c; = interelectrode capacitance, i.e. the sum of the capacitance
Cglk between control grid and cathode, and the capacitance
Cgl 2 between control grid and screen grid (approx. 6.5 pF).

L, = sel%-inductance of the tube holder contacts and the control-
grid lead (approximately 30:10°% H).

Cox = the stray capacitance at the tube contacts due, for example,

to the capacitance of the tube holder and the oscillator
circuit.

Calculation shows that, due to the presence of Cex' Lj and Cj, the
damping at the tube holder g, becomes approx. 1100 pA/V at g; =
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500 puA/V, the signal frequency being assumed to be 200 Mc/s. The
value of g, at different values of the oscillator voltage and of
the fixed negative grid bias can be determined from the graph

shown in Fig.l2.

The forms of the g, contours may be explained in a similar way as
those of the contours for constant .conversion conductance. At a
given frequency the input conductance consists of a constant part
and a part which is proportional to the average mutual conductance

Sped- If the characteristics of a tube would obey a square-law, then
isss the curves representing Smed/SO
—4 -ssﬂ‘;ﬁﬂl 92 0.4 06 would assume the form represented
_{;OI /) /0.8 in Fig.13. In order toderive from
? -3 //, A this graph the probable g, con-
///, /,/,;,2 tours it should, however, be taken
-2 // r;////l //.'.4- into account that the damping in-
// //////‘ / creases considerably when grid
‘71'//'/:/'/' o curf'ent starts to flow. This ex-
0——, :;'//,/, plains the irregular form of the
e contours plotted in Fig.12.
+rc' —— ; y— £ Th‘e values{ of g, occurring at
‘:olsc‘p various oscillator voltages can

Y90 i
be derived from the Vgl/Vosc graph

Fig.13. Curves representing the ratio shown in Fig. 7 once the value

S ea’Sg of an idealised pentode with a of the grid leak and the cathode

square-law Ia = f(Vgl) characteristic. resistor have been determined.

It is possible to infﬂluence'.the value of (ji and thus that of 9h
by varying the damping g, due to feedback, which is given by:

2 . .
ge = @ Sp eff (Maglckgl - LgZCgng
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in which

S the effective value of the cathode transconductance,

Migiff the mutual inductance which may be imagined to exist
between the anode circuit and the control-grid circuit,
mainly in consequence of the cathode lead being common
to the loops which are formed between the anode and
cathode and between the cathode and control grid,

ng = the self-inductance ot the screen-grid circuit.

Ckgl = the capacitance between the cathode and the control grid,

g2 = the screen-grid transconductance.

This expression reveals that gy is strongly dependent on the value
Of Magl'
in the cathode circuit and, moreover, on the value of ng, which

which should be kept small by using short, thick wires

may be increased to such an extent that g, becomes almost zero.
Care must, however, be taken that stability of the mixer is not

upset.

Special attention should be paid to the value of the by-pass
capacitor in the cathode circuit. When this capacitor is made too
small the cathode circuit becomes capacitive in the low frequency
channels, and undamping occurs, with a consequent risk of instabil-
ity. The capacitor should, therefore, have a sufficiently high
value to ensure that the impedance of the cathode circuit remains
low under all conditions. This is also of importance because the
internal screen is connected to the cathode of the pentode section.

14
M 1485 Mi406

Fig.14. Equivalent circuit apply- Fig.15. Equivalent circuit apply-
ing to the case of the lower end ing to the case of the lower end
of the control-grid circuit being of the control-grid circuit being
connected to the chassis. connected to the cathode.

When the lower end of the grid circuit is connected to the chassis
(see Fig.14) the self-inductance LCk originating from the leads
of this capacitor will increase the value of M__;+ so that the in-
put damping also increases. On the other hand, by connecting the
lower end of the input circuit to the cathode (see Fig.l1l5), LCk
increases the value of ng, so that g, can be made considerably

smaller.

PRACTICAL CIRCUIT

A brief description is given of a tuner equipped with the PCC 84
and PCF 80.

In the tuner (see F'ig.16) the PCC 84 operates as a d.c. coupled
cascode amplifier. The d.c. coupling is desirable as it gives a
characteristic that is suitable for the application of gain con-
trol. To obtain the best control characteristic, the second tube



should have cathode bias. This has been checked by measuring the
cross-modulation, which was found to be approximately four times
better with this arrangement than with fixed bias on the second
half of the tube or with the a.c. coupled circuit. The figures

obtained for the cross-modulation were low enough to be irrelevant.
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Fig.16. Circuit diagram of a tuner equipped with the PCC 84 and the PCF 80.

The PCC 84 with its two cathode leads for the input triode has the
advantage that either separated or strapped leads may be used, ac-
cording to whether most value is attached to a slightly higher
gain or to a slightly better noise factor respectively.

The optimum operating condition for the PCF 80 can be found in the
data and the preceding description. In the circuit given here an
oscillator of the Colpitts type is used. By connecting the capacitor
of 2.6 pF in series with the tuning capacitor of the oscillator
circnit in band III, the capacitance in the circuit and thus the
losses are reduced, as a result of which the decrease of the am-
plitude of the oscillator signal at high frequencies is counter-
acted. The trimmer of 0.5 - 3.0 pF connected between the grid of
the oscillator tube and earth has been provided to cope with the
variations of C_, due to spread in interelectrode capacitances of
the tube or in the wiring capacitances. It may be necessary to re-
adjust the setting of the trimmer when the PCF 80 is replaced.

The oscillator voltage is applied inductively to the grid of the
mixer. This is an advantage compared tocapacitive coupling,because
it offers the possibility of keeping the oscillator voltage at the
grid fairly constant when the tuner is switched over from one
channel to another. In fact, inductive coupling allows the coupling
coefficient between the oscillator coil and the coil in the grid
circuit of the mixer to be adjusted to the required value for
each channel by switching over the coils of both circuits, whereas
in the case of capacitive coupling the coupling between these
two circuits cannot be adjusted due to the capacitor not being
switched over. It will be clear that by using inductive coupling,
which ensures a higher constancy of the oscillator voltage at the
grid of the mixer, the conversion gain at the various channels
will also have a higher constancy. Moreover, inductive coupling
offers the advantage that the input damping exerted on the grid
circuit of thé mixer is slightly smaller, and this will result in
a higher gain of the mixer stage.
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The small inductance included in the screen grid to reduce the
input damping of the mixer has been obtained by keeping the con-
nection leads of the by-pass capacitor to the screen grid slightly
longer than conventional. This way of reducing the input damping
does not lead to instability of the mixer, as might be expected.
This is due to the fact that in the high frequency band (approx.
200 Mc/s), where the influence of the inductance is greatest, there
is a great difference between the carrier frequency at the grid
of the mixer and the intermediate frequency at the anode; in the
low frequency band (approx. 50 Mc/s) the influence of this induc-
tance is only very small.

Measurements have been carried out on this tuner in the channels 2
and 10. The results of these measurements, which are indicative for
the performance of a tuner equipped with these tubes, are tabulated
below.

AERIAL CIRCUIT

(channel 2) (channel 10)

Picture carrier frequency..ecoseeoesss 48.295 210.25 Mc/s
Sound carrier frequencCy..eeceeeescceas 53.75 215.75 Mc/s
Resonant frequency...eeeseeeancanaasns : 54 216 Mc/s
Total tuning capacitancCe...eeceeescoees tube 6.9 6.6 pF
Bandwidth..ciiiiiiniiiiiieieeeaeanease b switched ~3.9. 4 Mc/s
Total conductance (gtot).........,.... on 169 166 KAV
Tapping ratio for grid (t) 1)...mu.... 0.58 0.60
Rerial conductance (gant)""""'°"' 3330 3330 yA/Y
Aerial gain.ieeeeeeieeertencecsasononans 2.6 2.7

Bandwidth with matched aerial......... 7.8 8 Mc/s

‘DRIVER CIRCUIT

(channel 2) (channel 10)
Voltage gain across intermediate cir-
cuit between anode of grounded-

cathode section and cathode of

grounded-grid sectionN.cesssecsecees N = 1 0.52
Output conductance of driver triode/nz) %-gol = 1250 2400 uA/V
Circuit conductance/n (at primary side) -% 9. = 0 635 MA/V
Input conductance of grounded-grid.... ]
section times n 3)...........;... n gy = 4360 2510 HA/NV
. . .
Voltage gain (g to k') Jevieueneensaan Gl = 1.07 1.05

) The aerial gain may beslightly increased by increasing the tapping ratio t.

) The value of 9,1 is smaller than the internal resistance of the tube due to

the negative feedback by the neutralising bridge.

) The .input admittance is calculated from the expression
9i0 (w +1) / (Ri + 2).
where Z is the input admittance of the H.F. transformer.

) The voltage gain of the driver section is calculated from the expression:

+
G, =s/(del "9+ g -,
1 n i2

where S = 6 mA/V.



GROUNDED -GRID SECTION

Impedance of primary (without

1l
- g tube damping) ceeiiiaiieseanon Zp
g & Impedance of secondary (with
St
“ a mixer input) ceceeecocrocoss Zs
5 2 Coupling.ssesseesosasosesssnses kQ
s .
g . Transfer impedance.....o.see o0 Ztr
- Input impedance......eseeccese Z.
o 1
Calculated bandwidthis.seeeeee B
Voltage gain from cathode to anode 1) G2

Ratio of secondary to pfimary
voltage 2).........................
Total voltage gain of cascode ampli-
fier from aerial terminals to

grid of MiXer.ceeeeeeessossssconscsns

CIRCUIT

MIXER
Impedance of primary (with
~ tube damping)..cceceeccececes 2
: . P
- Impedance of secondary (with
2 extra damping of 3.3 K).... z
- ] s
§ Couplimgeieeevenerncannneenaeae kQ
B
] Transfer impedance....ceseeeeee 2

Calculated bandwidth.weieeeesees B
Conversion conductancCe..ssceeessscesoscsessce S
Conversion gain from grid of mixer to
grid of I.F. tub€esieececeesosasonscns
Total voltage gain of tuner from aerial
terminals to grid of I.F. tube
(Caleulated) coeeeeneesoneeaasacananas

Measured total voltage gaiNeseeceeooasns

CIRCUIT DATA
PCC 84

Supply Qoltage........................... Vb
Anode voltage of grounded-cathode section Val
Anode voltage of grounded-grid section... vaZ
Grid voltage of grounded-grid section....-V

Anode CUITrenNt.ccecssssccoscososccososncsans Ia

PCF 80 (Triode section)
Anode voltage.ceeeeososooancsons VaT ~ 80 V
Anode current...coeecececcacos I ~ 12 mA

aT

Lig =tu+n

2 ., where pu = 24,

(channel 2) (channel 10)

7.75 4.2 ¥
1.2 0.9 k2
1.5 1.1
1.4 0.97 k{0

2.38 1.9 k)
6.8 7 Mc/s

10.4 9.1

0.59 0.51

15.7 12.5

(channel 2) (channel 10)

10 k)
2.3 k2
1.75

2.1 k2
6.6 Mc/s
2.1 mA /V
4.4

70
74

S5S
57

180
89
89

1.5
12

< < < <
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PCF 80 (Pentode section)

.Anode voltage e vveeeanns

Screen-grid voltage....
Anode current..ccsceces
Screen-grid current....
Conversion conductance.
Cathode voltage....eeo..

Control-grid current...

D)

e oo

e o e

“ oo

e s s

Effective oscillator voltage at

ceeeescecee san VaP = 175 V
P AN ng = 176 V
te e eeeae e e e IaP = 5.2 mA
C e e e seeeeenn IgZ = 1.5 mA
tecesseeesaenn SC = 2.1 mA/V
ceereansesasen VkP = 5.5V
cesssesssesens Igl = 5 uA
control grid V = 3.8V
osc rms

Figs 17a and b represent frequency response curves,qfthe tuner for

the channels 4 and 10 respectively. The curves are given for
three random samples of the PCF 80 being used as mixer tube.

-

Fig.1l7a.

M 1488

Response curves of the tuner at channel 4.

M489

Fig.l7b. Response curves of the tuner at channel 10. The curves are recorded

for three random samples of the PCF 80.

The next three paragraphs deal with applications
of the PCF 80 which are in many respects inter-
related. For the sake of convenience the relation
between these applications 1is shown in Fig.18,
which has been placed as a folding diagram at the
end of this booklet.




D.C.-COUPLED VIDEO AMPLIFIER STAGE

PRINCIPLE OF OPERATION

The use of a PCF 80 as a video amplifier with cathode follower
output has many advantages over the use of a single high-slope
pentode, since the gain of a video amplifier is limited by the
output or load capacitance. A typical circuit using a PL 83 with
one series peaking coil has a gain of approximately 1§ and a
bandwidth of 5 Mc/s with a load capacitance of 26 pF. Under the
same conditions the video amplifier with a PCF 80 has a total gain
of 30; the bandwidth is maintained by the use of a cathode follower
to reduce the effective load capacitance. The maximum video output

is 60 Vp-t-p at Vb = 180 V.

In addition to larger gain the PCF 80 has a lower heater voltage
than the PL 83, which may be important in large, series-fed re-
ceivers where the set designer is often confronted with a shortage
of heater voltage. Furthermore, it is possible to reduce the num-
ber of tube types in a TV-receiver due to the large number of
applications for which the PCF 80 is suitable, whereas the PL 83
can be used as a video output tube only.

A further advantage of a video amplifier with a PCF 80 is that the
sum of the anode current of the pentode section and that of the
triode section is small (approx. 14 mA), and that these currents
vary in opposite directions at a certain signal variation. As a
result, the mean current drain of the video stage varies only
slightly at large variations of the signal content.

The anode current of the PL 83 may vary between 15 and 60 mA de-
pending on whether the picture is dark or bright. These large cur-

rent variations can obviously influence the value of the supply

voltage and consequently affect other circuits of the receiver.

The number of components of a video amplifier with cathode follower
output is slightly larger than that of a video output stage with
a single PL 83. This fact is completely counterbalanced by the
advantage of the use of the PCF 80 in a video amplifier.

The video amplifier that is described here is d.c. coupled, which
renders the amplifier superior - with respect to its performance at
large interference pulses - to a similar video amplifier with
cathode follower output and RC-coupling.

In an RC-coupled amplifier the coupling capacitor of the cathode
follower tube tends to be charged by grid current which flows at
the occurrence of large interference pulses. As a result, the
‘cathode of the picture tube is driven highly negative and the
luminescent screen turns completely white. This condition con-
tinues until the coupling capacitor is discharged via the grid
leak ‘resistor. This drawback does not occur, of course, in a d.c.
coupled amplifier, which means a great advantage, especially for
receivers .in areas with heavy traffic and in the surroundings of
factories and other sources of interference.
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Due to the d.c. coupling of the video amplifier, a d.c. restoration
circuit canbe omitted since the video signal at the video detector
has a constant black level when the amplitude of the I.F. signal
at the input of the detector is constant (Fig.19). This constancy
is ensured when an effective A.G.C. voltage is applied to the R.F.
and I.F. amplifiers. Under these conditions the amplitude of the
synchronisation pulses at the
control grid of the pentode
section of the PCF 80 is con-
stant. The video signal at the

grid has, therefore, a fixed
black level so that no d.c.
Fig.19. Input signal of Eh§ video amplifier. restoration is required when the
video amplifieris d.c. coupled.

CIRCUIT DESCRIPTION

Fig.20 shows the diagram of a d.c. coupled video amplifier with a
PCF 80; the polarities of the various signals are also indicated.

The video signal, which is taken from the video detector, is uppliéd
to the control grid of the pentode section of the PCF 80 via the
series peaking network L, - Ry. The anode signal of this tube is
fed directly to the grid of the triode section, which operates as

Cathode of R
AGC. tube +WWW—— I y
‘ oV
) . Ri2

R2‘>‘ 4 6

2R ~

Ly S 5 L™,

K ‘ . |

L] W

‘ R4 F
= = R3: L R:
® ® J”’_L
>M1491 = ‘®
AGC.
sync separator
Fig.20. D.C. coupled video amplifier with the PCF 80.

PARTS LIST: R, = 0.22 M R, = 18 Kl (1 W.£5%) €, = 1500 pF
R, = 20 K (variable) Rg = 1.2 K C, = " 10 4F
Ry, = 33 K2 (1 W) Ry = 12 k2 (1 W) Cy = 1500 pF
R, = 3.9 k(0 R g = 1 M c, = 1500 pF '
Rg = 10 k) Ry, = 0.2 M L, = 60 pH
Rg = 10 k{1 (3 W, £5%) R, = 0.39 Ml L, = 0.55 pH

All resistors should be l/4 W unless a different wattage is indicated.

a cathode follower. The signal at the cathode of this tube - which
obviously has almost the same amplitude as the anode signal of the
pentode section - is applied directly to the cathode of the picture
tube. A small signal is taken from the anode of the cathode follower
and also applied to the picture tube, thus providing an improvement
of the frequency response of the video stage, as will be described
later.

The anode of the pentode part, and hence the grid of the triode
part, are connected to the potentiometer Rg - R, to ensure a

sufficient anode voltage to be present at the cathode follower.

The screen grid of the pentode section is fed from the supply
voltage via the potentiometer R, which serves as a contrast control,



The screep grid is decoupled to earth to prevent capacitive feed-
back from the screen grid to the control grid (Miller capacitance).

In the cathode lead of the pentode amplifier tube a circuit, tuned

at 5.5 Mc/s, is included to suppress interfering sound I.F. signals .
CONTRAST CONTROL

The potential of the screen grid of the pentode section, which is
determined by the setting of the contrast control, has little ef-
fect on the video stage gain. The maximum variation of gain due
to this effect amounts to 15% of the maximum gain only. The main
cause of the amplitude variation of the video signal results from
a variation in the A.G.C. voltage which occurs at a change in the
setting of the contrast control. This can be explained as follows.
The setting of the contrast control determines the maximum obtain-
able anode current of the pentode amplifier tube. Since the pen-
tode section has no automatic bias, the anode current will always
be maximum at “peak white” of the video signal. Therefore, the
setting of the contrast control determines indirectly the anode
potential - and the cathode potential of the cathode follower -
which occurs at peak white of the video signal.

To avoid confusion it will be useful to define the terms white level”
and “black levelu,which are frequently used in the following paragraphs.
The white level V  of a video signal is understood to be the potential
difference existing between the video signal at ”pedk white” and earth
(Fig.21). V_ is independent of the amplitude and of the content of the
video signal: it depends only on the setting of the contrast control.
The black level Vbluck of a video signal is understood to be the poten-
tial difference between the potential of the blanking pulses of the
video signal and earth (Fig.21). In the circuit described Vblqck of the
video signal at the cathode of the cathode follower, and consequently
at the grids of the A.G.C., noise inverter and sync separator tubes,
"is constant and independent of the signal amplitude and the setting of

the contrast control.

Fig.21. Video sig-
nal with indication

77
of the white level blac :
W]

V' and of the black
level V

black*® Earth potential M1493
The potential of the screen grid increases as the contrast is in-
creased, so that the white level at the anode of the pentode and
at theé cathode of the cathode follower lowers. The A.G.C. circuit,
which is d.c. coupled to this cathode (Fig.l8), is so designed
that a reduction of the white level of the video signal that is
not accompanied by a change of the signal amplitude itself, causes
a reduction of the A.G.C. voltage produced. As a result, the gain
of the R.F. and I.F. amplifiers increases, and the video signal
‘at the grid of the video amplifier becomes larger. Obviously a
reduction of the screern-grid potential of the video amplifier re-
sults - via the A.G.C. circuit - in a reduction of the gain of the
R.F. and I.F. amplifiers. '

It follows from the description of the contrast control that the
white level of the signal at the cathode of the cathode follower
depends on the setting of the contrast control, and. not on the
amplitude of the antenna signal. At a certain setting of the con-
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trast control the white level of the output signal of the video
stage remains therefore at a constant value, independent of signal

amplitude or other influences.

The screen-grid -voltage is applied to the A.G.C. circuit via Ry
to obtain a constant black level of the output signal of the
video stage. The operation of the A.G.C. circuit will be explained
in the next section of this Bulletin. For better understanding of
the operation of the video amplifier, however, it is remarked here
that, due to the A.G.C. action, the black level of the video output
signal is constant at all settings of the contrast control and at
all amplitudes of the video signal. Therefore, once the bright-
ness of the picture tube is adjusted, the contrast of the picture
can be changed without a readjustment of the brightness control

being necessary.

GAIN AND MAXIMUM OUTPUT VOLTAGE

As has already been remarked, the anode current of the pentode sec-
tion of the PCF 80 is maximum (Vgl >~ 0 V) at the white level of the
video signal. Furthermore, the A.G.C. circuit is so designed that
the video amplifier is near cut-off during the occurrence of the
synchronisation pulses. The amplitude of the video signal at the
control grid required for proper operation with the amplifier at

maximum contrast is about 2 V_ _, . The efficiency of the video
detector being assumed to be 70 %, the output voltage of the
I.F. amplifier has tobe 2.3Vrms.'When this voltage is lower, the

operation of the A.G.C. circuit and the contrast control is upset.
It is therefore necessary that the gain of the R.F. and I.F. stages
is sufficiently high to ensure that the required signal level at
the input of the video amplifier is obtained even in fringe areas.

Since the video signal at the control grid of the video amplifier
tube is almost equal to the grid base - due to the A.G.C. action -,
the anode voltage varies between a maximum value determined by the
potentiometer Ry, Ry, which is connected between the supply line
and earth, and a minimum voltage determined by the voltage drop
across this potentiometer caused by the maximum anode current of
the pentode at a given adjustment of the contrast control. The am-
plifier circuit is so designed that the anode voltage of the pen-
tode never drops below the knee of its I, = f(Va) characteristic
(approx.30 V) to prevent distortion in the white parts of the
video signal. The potentiometer reduces the supply voltage to 115 V
at the anode of the pentode, so that the maximum obtainable out-
put voltage would be 115 V - 30 V = 85 V.

However, for reasons which will be explained later, the pulse
level will not reach 115 V, but only about 100 V, since the A.G.C.
circuit starts operating at this level. Moreover, 10% or more of
the I.F. signal does not contain picture information, as is pres-
cribed in the C.C.I.R.-standards in connection with the operation
of the intercarrier sound circuit. The maximum output voltage
will, therefore, be about 60 V, and the maximum obtainable gain
60 : 2 = 30.

STEP FUNCTION RESPONSE

The output voltage of the cathode follower is applied to the
cathode of the picture tube. Besides, a video signal of smaller



amplitude and opposite phase is taken from the anode of the cathode
follower and applied to the grid of the picture tube. This way of
controlling the picture tube considerably improves the step func-
tion response of the video amplifier. This can be explained as
follows.

The large capacitive load on the cathode follower slightly affects
the rise time of the output signal. The rise time can be improved
by adding the derivative of the input signal of the cathode fol-
lower to the output voltage. The derivative is present in the
anode current due to the integrated shape of the cathode signal
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Fig.22a. Signal at the cathode of Fig.22b. Signal at the anode of
the triode section of the PCF 80 the triode section of the PCF 80
when a negative-going pulse is when a negative-going pulse is
applied to the grid of the tube. applied to the grid of the tuner.

Figs 22a and b represent the voltage at the cathode and at the
anode of the triode if a negative-going pulse is applied to the
grid of the tube; the repetition frequency of the time reference
dots was 20 Mc/s. The small oscillations are caused by the 5.5 Mc/s
trap in the cathode circuit of the pentode amplifier. Since the
cathode voltage is applied to the cathode of the picture tube, and
the anode voltage to the grid of the picture tube, the oscillogram
of the anode voltage must be reversed before it is added to that
of the cathode voltage. The sum voltage of these signals - which
approaches the ideal square wave - can then be considered as the
control voltage of the picture tube. The oscillogram of the anode
signal is sliqhtly compressed compared to that of the cathode
signal; the amplitudes of both signals do not correspond with
each other because the amplification of the anode signal by the
oscilloscope exceeded that of the cathode signal.

The frequency compensation will be upset when very large square-
wave voltages are applied to the grid of the cathode follower.
The amplitude of the maximum square-wave voltages that may be
applied to the cathode follower depends on the rise time of the
square-wave voltages themselves and on the capacitive load on the
cathode follower. For instance, at a sudden decrease of the grid
voltage;the RC-constant in the cathode circuit formed by the
cathode resistor and its load capacitance may be so large that the
cathode voltage cannot immediately follow the grid signal, and
the tube is cut off. For the same reason it 1s also possible that
grid current will flow in the cathode follower at large positive-
going potential jumps of the grid signal.

Very large voltage jumps will, therefore, cause a distortion of
the anode signal of the cathode follower and consequently of the
picture on the cathode ray tube. However, in practice, such large

27



28

sudden potential jumps will hardly ever occur in a video signal
as a quarter of the video signal amplitude is already occupied by
the synchronisation pulses.

HUM
Requirements with respect to grid hum and to cathode hum are de-

fined for the PCF 80 being used as a video output tube.

As to grid hum, the maximum permissible a.c. heater-to-cathode
voltage Veg is 100 V_ - if the impedance of the control-grid cir-
cuit Zgl = 5 kQ.

To prevent the occurrence of an inadmissably large cathode hum,
the following values of the cathode resistor R, may not be exceeded
if the resistor is not bypassed:

Rk = max. 150 Q at ka = 100 V

rms
R, = max. 300 () at Vg = 50 Vo
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amplifier. The dash-dot line \
represents the gain measured 15 \
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ce of the sound trap at 5.5 Mc/s
can clearly be seen from these

Fig.23. Frequency response curve of the
video amplifier. The dash-dot line re-
presents the gain of the amplifier meas-

ured at the anode of the cathode fol-
curves.

lower, the dashed line the gain meas-

ured at the cathode. The fully drawn

line represents the total gain of ‘the
CIRCUIT DATA video amplifier.

Pentode section Triode section
maximum minimum maximum minimum
contrast contrast contrast contrast

Supply voltage...oouieeean.. Vb = 180 180 A
Mean anode voltage......... Va = 60 74 173 172 v
Mean anode current......... Ia = 8.7 ' 6.5 5.5 6.5 mA
Mean screen-grid voltage... ng = 145 84 v
Mean screen-grid current... I92 3 1.6 mA
Mean control-grid voltage.. vgl = -1.2 -0.3 60 74 V
Mean cathode voltage....... Vk = 0 0 65 78 V
Mean cathode current....... Ik = 11.7 8.1 5.5 6.5 mA

For proper operation of the contrast control an A.G.C. circuit is
required that reacts to variations in the level of the tops of the
synchronising pulses. Therefore, a completely new A.G.C. circuit
has been developed. This circuit, together with « noise inverter
circuit, will be described in the following sections.



KEYED A.G.C. AND
NOISE INVERTER CIRCUIT

A.G.C. CIRCUIT

A keyed A.G.C. circuit has the advantage that the RC-constant of
the filtering circuits can be kept smaller than that of a con-
ventional circuit, so that rapid variations in the signal received

(e.g. airplane fluttering) are smoothed out more efficiently.

The keyed A.G.C. circuit is furthermore less sensitive to inter-
ference due to the circuit being inoperative during the major part
of the line scanning period.

In a conventional circuit the I.F. signal of the receiver is applied
to a detector having a large RC-constant, so that the output volt-
age - the A.G.G. vpltage - is equal to the peak value of the I.F.
signal. The detector and filter circuits cannot be given a small
RC-constant because the picture content and the frame pulses might
‘then influence the magnitude of the A.G.C. voltage.

In the keyed A.G.C. circuit which will be described, the level
of the tops of the synchronising pulses of the video signal
is compared with apotential having an almost constant value. During
the intervals between the synchronising pulses the A.G.C. circuit
is inactive. The filtering circuits can, therefore, have a small
RC-constant, since the picture content and the frame pulses cannot
possibly influence the value of the A.G.C. voltage.

Video =
S
z 3 Video
Vho - Jd 21 E; \\ampl
2Ry ZRio ) !
s s G P
acec_ R v ___"1 — s
tuner VVVVWV . ync
~ Rs I, N Cs separator
EER | Ry |- Rn
"2 T g s
S P ~ Re
IFA‘G.C. v ) Cs4
.F. ampl. EL-EB -
bd 6
Ci== 55/?7 Cs
. - M1496
[\ [\ Flyback
pulses

Fig.24. Keyed A.G.C. and noise inverter circuit with the PCF 80.

0.39 M) R

PARTS LIST: R, = , = 56 k) (4w, 15%) C, = 0.47 4F .
R, = 0.15 M2 Rg- = 47 k) (% W, 15%) Cy = 1500 pF
Ry = 0.22 M Rg = 0.15 Ml c, = 150 pF
R, = 8.2 k) Ry = 0.22 M{ Cg = 0.27 uF
Ry = 22 K Ri,-= 8.2 Ml Cg = 0.1 4F
Rg = 10 K C, = 1500 pF C; = 820 pF

All resistors should be 1/4 W unless a different wattage is indicated.
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CIRCUIT DESCRIPTION

The A.G.C. circuit - combined with a noise inverter circuit - 1is
represented in Fig.24.The triode section of a PCF 80, which operates
in this circuit asan A.G.CT. tube, has a cathode voltage Ve that is
determined by the voltage divider Ry - Ry - ng, apart from a small
correction voltage supplied by the contrast control of the video
amplifier. The voltage V., is so high that the tube is biased far
beyond cut-off. The anode of the tube is
at anegative potential except during the
occurrence of the flyback pulses, which
are taken from the line output transfor-
mer and applied to the anode of the
A.G.C. tube. Anode current can flow only
during these pulses. The video signal
taken from the output of the video am-
plifier is fed to the grid of the tube

I,

via the resistors R, and Rg. Fig.25 re-
presents the video signal at the grid
of the A.G.C. tube; this figure reveals
that anode current flows only when the

I
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: voltage of the tube. At the time that
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|
|
|
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|

% synchronising pulses exceed the cut-off
g
3 s
§ : anode current flows, the triode operates
& : as a peak detector of the flyback pulses;
Ve I these occur at the anode at the same in-
f— I . ..
L Ve - stants at which the synchronising pulses
< >

occur at the grid. Detection of the fly-
back pulses results in Cq being charged,
so that the anode gets a mean negative
Fig.25. Video signal at the potential which is used as A.G.C. volt-
grid of the A.G.C. tube. gge, The magnitude of this negative po-
V. = cathode voltage of the tontjq] depends obviously on the extent

A.G.C. tube. to which the tops of the synchronising
V. = white level of the video
w ) L pulses exceed the cut-off voltage of
signal.

the A.G.C. tube.

As will appear from the description of the noise inverter, it is
necessary to prevent the synchronising pulses in the video ampli-
fier from being clipped. The A.G.C. circuit has therefore been so
designed that it acts rapidly enough to ensure that the level of
the tops of the synchronising pulses at the input of the video
amplifier remains constant at a given setting of the contrast con-
trol, and that a small distance is always maintained between the
cut-off voltage of the video amplifier tube and the tops of the
synchronising pulses.

The cathode voltageV, of the A.G.C. tube is so chosen that anode
current flows in this tube when the video signal at the input of
the video amplifier becomes so large that the synchronising pulses
almost reach the cut-off voltage of the amplifier tube (cf. Fig.18).

It can be seen from Fig.25 that the white level V, of the video
signal influences the magnitude of the A.G.C. voltage. In fact,
when the amplitude of the video signal is constant, a decrease of
Vy reduces the current flowing in the A.G.C:. tube and vice versa.
When, as described in the preceding section, the setting of the
contrast control of the video amplifier is modified so that the

white level V  at the cathode follower lowers, the A.G.C. voltage



decreases, and the gain of the R.F. and I.F. amplifiers increases.
Turning down the contrast control results in a larger A.G.C. volt-
age and a smaller R.F. and I.F. gain.

Fig.25 also reveals that when the antenna signal increaseswith-
out the setting of the contrast control being changed, so that
Vg remains constant, the A.G.C. voltage becomes larger and vice
versa. In addition to the performance of the A.G.C. tube as part
of the contrast control, the triode also operates as a normal
A.G.C. tube. Fig.26 shows the voltages at the A.G.C. tube, which
are all measured with respect to earth. The cathode voltage VC of
the tube is highly positive; the slightly lower cut-off volt-
age Vg co ©f the tube is indicated by a dotted line.
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Fig.26. Video signal at the grid of the A.G.C. tube. (a) At minimum
contrast of the video amplifier.

VC = cathode voltage of the A.G.C. tube,

Vg co = cut-off voltage of the A.G.C. tube,

Vblqck = black level of the video signal,

Ve = white level of the video signal.
(b) At maximum contrast of the video amplifier, and without a correction
voltage being applied to the cathode of the A.G.C. tube. The black
levels of the signals of the Figs (a) and (b) have different poten-
tials. {c) At maximum contrast of the video amplifier and acorrection
voltage bejng applied to the cathode of the A.G.C. tube. The black

levels of the signals in the Figs (a) and (c¢) are equal.

Fig.26a represents the video signal at the grid at minimum con-
trast, which comprises the white level V, due to the d.c. coupling
between the cathode follower and the A.G.C. tube; V_ is high at
minimum contrast. The tops of the synchronising pulses just exceed
the cut-off voltage of the A.G.C. tube, so that a small current
flows during the pulses. The performance of the circuit will now
be considered for the case that no correction voltage from the

~

contrast control is applied to the cathode of the A.G.C. tube.

When the contrast control is adjusted to maximum, the white level
of the cathode follower output signal decreases to V, '. Fig.25
reveals that the A.G.C. voltage then decreases. The gain of the
R.F. and I.F. amplifiers becomes so much larger that an equili-
brium is again obtained between the gain of these amplifier stages
and the A.G.C. voltage produced. The new situation at the A.G.C.
tube is represented in Fig.26b. The A.G.C. voltage is obviously
smaller in this case than at minimum contrast. Since, however, the
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current peaks in theA.G.C. ‘tube are very small in both conditions,
the levels of the synchronising pulses are almost equal at maximum
and at minimum contrast.Figs 26a and b reveal that the black levels
of the signals, Vpj,., and Vblack Wdiffer considerably. Since the
video signal at the grid of the A.G.C. tube is the same as that at
the cathode of the picture tube (Fig.18), changes in the setting of
the contrast control would result in a variation of the brightness
of the picture.

These unwanted brightness variations are avoided in the circuit
described by applying to the cathode of the A.G.C. tube a correction
voltage that varies with the setting of the contrast control. When
the contrast is increased to maximum, an additional positive voltadge
is applied to the cathode of the A.G.C. tube, the value of which
depends on the voltage divider Ryg. ‘Rg and R, (Fig.24). This addi-
tional cathode voltage, which is indicated by Vc' in Fig.26c, re-
sults inan extra increase of the gain of the R.F. and I.F. stages,
so that the black level remains the same both at minimum and at
maximum contrast (Figs 26a and c respectively), independent of the
adjustment of the contrast control.

It should be borne in mind that the cut-off voltage of the A.G.C.

"tube depends on its anode voltage, i.e. on the amplitude of the

flyback pulses applied to the anode. The pulses must be suf-
ficiently large to exceed the cathode voltage of the triode.
In the actual circuit the amplitude of the pulses is 200 to
250 Vp—t- . Large deviations from this value will result in an
improper f;vel of the synchronising pulses and may upset the noise
inverter action.
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Fig.27. Curves of the A.G.C. and video detector voltages
(v and V respectively) as functions of the antenna
AGC det p

voltage Vc for maximum and minimum contrast respectively.
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The A.G.C. voltages for the tuner and the I.F. stages are taken
from different tappings of the anode resistor. Fig.27 represents
curves of the A.G.C. and detector voltages, Vage and V4., respect-

ively, as functions of the antenna voltage V for maximum and

minimum contrast of the video amplifier. These gz:ves were measured
in a receiver the tuner cf which was equipped with a PCC'84 and a
PCF 80; the three-stagé I.F. amplifier was equipped with EF 80‘s and
I.F. transformers. Two of the three I.F. amplifier stages were
controlled by the A.G.C. voltage. As can be seen from Fig.24, the
A.G.C. voltage for the I.F. amplifier is 0.7 of the A.G.C. voltage

for the tuner.



The grids of -the A.G.C. tube and the sync separator are intercon-
nected. If no special measures were taken the video signal at the
grid of the sync separator would be distorted due to the presence
of Ry and Rg and its input capacitance, resulting in the well-known
effect of “pulling on white”. This is avoided by shunting Rg with
the capacitor CZ' thus improving the frequency response of the
network connected in series with the grid of the sync separator.

NOISE INVERTER CIRCUIT’

The pentode section of the PCI' 80 operates as a noise inverter.
This improves the stability of the synchronisation and A.G.C. cir-
cuits by reducing the interference in the video signal fed to these
circuits. In the noise inverter the interference pulses that have
an amplitude which exceeds that of the synchronising pulses, are

M1500

a b

Fig.28. (a) Video signal with positive-going interference pulses.
(b) After the output signal of the noise inverter has been added to

a video signal, the polarity of the interference pulses isreversed.

separated from the video signal. After the separated pulses have
been amplified, they are added again to the video signal with
opposed polarity. Fig.28a shows an oscillogram of a video signal
on which interference pulses are superimposed, and Fig.28b a video
signal in which the polarity of the interference pulses has been
reversed by adding the output pulses of the noise inverter to the
video signal.

CIRCUIT DESCRIPTION I,

The cathode voltage of the noise in- ' T
verter tube (Fig.24) is so high that
the tube is biased beyond cut-off,
similar to the A.G.C. tube. The video
signal is applied to the control grid,
but due to the high cqthode voltage,

no anode current flows except at
the occurrence of the interference
pulses (Fig.29). These pulses give
rise to negative-going pulses at the
anode of the tube which are added

3

€

H
Fig.29. Video signal with interference <

=
pulses at the grid of the noise inverter. ‘E
Vc = cathode voltage of the noise inverter

tube, . le Vw >

vV, = white level of the video signal. -
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again to the video signal, which is applied to the A.G.C. and sync
separator tubes. In this video signal the interference pulses are
therefore negative-going, so that both tubes are blocked when
such pulses occur. Consequently, interference pulses do not appear
in the output signal of the sync separator so that the stability
of the synchronisation of the line and frame timebases is increas-
ed. The A.G.C. voltage is furthermore prevented to increase at
the occurrence of the interference pulses, so that the gain of the
R.F. and I.F. amplifiers is more stable.

It will be clear from this description why the A.G.C. circuit must
be so designed that the tops of the synchronising pulses do not
reach the cut-off point of the video amplifier tube, for in that
case the interference pulses would be clipped and the noise inver-
ter rendered inoperative.

The cathode voltage of the noise inverter tube must be higher than
that of the A.G.C. tube, because the tops of the synchronising
pulses should exceed the cut-off point of the A.G.C. tube (Fig.25),
whereas the synchronising pulses in the noise inverter circuit

may not reach the cut-off point.

It will also beclear from the description of the A.G.C. circuit
that the cathode voltage of the noise inverter must increase and
decrease with the cathode voltage of the A.G.C. tube. The tops of
the synchronising pulses would otherwise exceed the cut-off volt-
age of the noise inverter, since the amplitude of the video signal
becomes larger than if no compensation were applied. The cathode
voltage of the noise inverter tube therefore varies also with the
setting of the contrast control. The cathode of the A.G.C. tube,
which requires a lower voltage, is connected to a tapping of the
cathode resistor of the noise inverter tube.

In the circuit described the cathode voltage of the noise inverter
varies between 101 V and 108 V, depending on the setting of the

contrast control.

Since the output signal of the noise inverter is applied to the
grid of the A.G.C.tube, two resistors, Ry and Rg, are inserted in
its grid circuit; these prevent the output signal of the noise
inverter being fed back to its control grid.

PERFORMANCE OF THE CIRCUIT

The improvement of the stability of the timebases with regard
to interference pulses is obviously greatest for the frame timebase.
The line timebase is normally provided with a flywheel circuit,
which renders it already almost insensitive to interference,
although some improvement is noticeable also in this circuit.

The improvement of the stability of the frame synchronisation has
been evidenced by the reception of a transmitter at a distance of
120 km. The synchronisation of a receiver without noise inverter
was completely lost when a strong interference signal was generated
by means of an electric razor. The frame synchronisation of the
receiver with a noise inverter was lost only at those instants at
which the interference pulses coincided exactly with the frame
synchronising pulses.

The noise inverter circuit described has the following advantages

compared with other types of noise inverter circuits:



a) No hand-controlled level setting is required, since the A.G.C.
circuit stabilises - irrespective of the setting of the contrast
control - the voltage difference between the level of the tops
of the synchronising pulses and the level at which the noise
inverter starts operating.

b) The circuit described not only improves the stability of the
synchronisation but it also renders the A.G.C. circuit comple-

tely insensitive to interference.

The tolerances of the resistors of the voltage divider Rg, Rq and
Rg should preferably be smaller than 5% to obtain a good perfor-
mance of the A.G.C. and noise inverter circuit.

No data are quoted of the circuits because these depend on the
amplitude of the antenna signal and on the amount of noise in this
signal.
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SYNC SEPARATOR AND PHASE
SPLITTER IN FLYWHEEL CIRCUITS

The pentode section of the PCF 80 is partiéularly suitable for
operation as a sync separator due to its short grid base and
steep I = f(Vgl)charqcteristic. In this application the tube
operates with a low screen-grid voltade and a low anode voltage to
clip the pulses. Moreover, noise signals which may be present at
the tops of the synchronisation pulses are reduced by the combined
effect of grid current occurring and the mutual conductance of the
tube being very small when the anode voltage drops below the knee
of its I, = f(Va) characteristic at zero grid bias.

Good operation of the separator will be obtained with a screen-
grid voltage of 25 to 45 V. The anode of the tube is connected to
a tapping on the cathode resistor of the triode section, which
operates as a phase splitter (Fig.30). An anode voltage of 40 V is
thus obtained.
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Fig.30. A sync separator and phase splitter for flywheel circuits with the PCF 80.
PARTS LIST: R, = 8.2 M2 Rg = 4.7 K2 (1 w) Cy = 820 pF

R, = 0.18 M) Ry = 0.56 M C, = 1500 pF

Ry = . 56 k{l Ryg = 0.56 Ml Cg = 1500 pF

R, = 33 k(i Ry, = 39 k{2 Ce = 120 pF

Re = 3.3 Kl c, = 820 pF C, = 10.000 pF

Ry = 5.6 K1 (1w) c, =2200 pF Cq = 0.1 uF

R, = 82 Q

1

All resistors should be /4 W unless a different wattage is indicated.

The line synchronisation pulses, which are separated from the video
signal, are applied to the phase splitter via an anode resistor
(Rg) of 3.3 k(l, which is connected between the grid and the cath-
ode of the latter tube.

The frame synchronising signal is derived from the screen grid of
the separator tube, and the lower part of the screen-grid poten-
tiometer is therefore shunted by a capacitor (Cg) of 2200 pF, so
that the line pulses are strongly attenuated. The line pulses



cause only a small ripple on the frame synchronising signal, as
may be seen from Fig.31, which represents the signal at the screen
grid.

When the sync separator is preceded
by a noise inverter as described
above, the frame synchronisation
appears to be very stable and almost
insensitive to interference that may
be present in the video signal.

If the pentode section of the PCF 80
is used as a sync separator the triode

section is available for use as -+ mM1503
a phase splitter for the line Fig.3l. Frame synchro-
synchronising pulses that are to be nising pulses at the
dpplied to a flywheel circuit. In screen grid of the sync
the circuit shown in Fig.30 the separator.

triode section is moreover used as

an amplifier of the differentiated flyback pulses, which must also
be applied to the flywheel circuit.

The anode resistor HG and the cathode resistor R; of the phase
splitter are so chosen that the amplitudes of the synchronising
pulses at both electrodes are almost equal. Small differences in
the amplitudes of the pulses can be counteracted by applying a
suitable control voltage to the flywheel circuit.

M1504 . M 1505

a - b

Fig.32, (a) Oscillogram of a flyback pulse at the line output
transformer. (b) Differentiated flyback pulse at the cathode of
the phase splitter tube.

The flyback pulses, the phase of which is compdred with the syn-
chronising pulses in the flywheel circuit, are applied. to the
cathode of the phase splitter. To obtain a voltage ‘that is more or
less sawtooth-shaped instead of pulse-shaped, the pulses are fed

to the cathode via a dlfferentlctlng network consisting of Ce and

the cathode resistors H7 andRe Figs 32a and b show osc1llograms of
a flyback pulse at the line transformer and at the cathode of the"
phase splitter respectively. The differentiated pulse shown in
Fig.32b controls the anode current of the phase splitter tube in
such a way that shape and phase of the sawtooth voltages at the
anode and at the cathode are identical.

Figs 33a and b show oscillograms of the pulses produced at the
anode and at the cathode of the phase splitter when synchronising
pulses are applied to the control grid, the cathode of ‘the tube
having been disconnected from the line output transfbrmer;’The_
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pulses have an integrated shape due to the anode resistor of the
sync separator being shunted by Cq-

M1507
a b
Fig.33. Oscillograms of the synchronisation pulses at the anode

(a) and at the cathode (b) of the phase splitter tube, without
flyback pulses being applied to the tube.

Fig.34 displays oscillograms of the signals, (a) at the anode and
(b) at the cathode of the phase splitter tube. These signals are
formed by adding the differentiated flyback pulses to the synchro-
nising pulses.

M1509

a b

Fig.34. Oscillograms of the sum voltages of the synchronisation
pulses and the flyback pulses at the anode (a) and at the
cathode (b) of the phase splitter tube.

The particular way in which the synchronising pulses are applied
to the phase splitter tube is a simple solution of the problem
how to obtain a low anode voltage for the sync separator tube, and
how to control the phase splitter simultaneously by two signals.
Compared with a conventional coupling circuit, several components
have been saved, such as a coupling capacitor, a grid leak resis-
tor, etc.

The anode resistor Ry 1s shunted by the capacitor C, to obtain
coincidence of the blanking pulses with the flyback pulses. This
arrangement is chosen for the following reasons.

The duration of the flyback is made as large as possible to mini-
mize the peak voltages and the losses in the line output stage. Care
must therefore be taken to ensure that the flyback occurs exactly
within the line blanking periods of the video signal.

The line synchronising pulses do not, however, occur in the centre



of the blanking pulses, whereas this flywheel circuit (Fig.30)
tends to make the centre of the synchronising pulses coincide with
the centre of the flyback pulses (Fig.35a). It appears from this
figure that in that case the flyback pulse will fall partly out-
side the blanking period. The picture will then be partially lost
at the right. By integrating the synchronising pulse by means
of Cq, the centre of the pulse is delayed to such an extent that
the flyback pulse falls exactly within theblanking period (Fig.35b) .

Flyback pulse

l i | Blanking pulse

|
a i Sync. pulse
- i

1

Fig.35. (a) Due to the operation of the
flywheel circuit the flyback pulse falls
outside the blanking period. (b) The syn-
chronisation pulse being integrated, the
flyback pulse falls within the blanking

period.

Below several figures concerning the adjustment of both the pentode

section and the triode section of the PCF 80 are given.

Pentode section Triode section
Supply voltage.ieeeeeeeeeceaosanns Vb = 180 o 180 Vv
Mean anode voltage...eeeeceeaaeann Va = 43 127 vV
Mean anode current..cceeoeoeevdsoses Ia = 0.14 9.5 mA
Mean screen-grid voltage.......... ng = 38 V'
Mean screen-grid current.......... I92 = 0.10 mA
Mean cathode voltage..cicooeeoanen Vk = 0 45 V

These values hold for the case the horizontal timebase is synchro-
nised. If the synchronisation of the timebase is upset, only small

differences will occur in the figures given.

39



40

HORIZONTAL TIMEBASE OSCILLATOR
AND REACTANCE CONTROL TUBE

In a line timebase a sine oscillator operating as a line sawtooth
generator combined with a reactance control tube is superior to
a multivibrator because the former has a much better frequency
stability. The difference in performance of these circuits is due
to the fact that the frequency of a sine oscillator is almost
exclusively determined by the tuned circuit, whereas that of
a multivibrator depends to a large extent on the characteristics
of the tubes, even when the multivibrator is provided with a sta-
bilising LC-circuit. 7

The better frequency stability of a sine oscillator with a reactance
control tube involves the necessity of a ldrger control voltage to
be supplied by the preceding flywheel circuit. Since, however, in
contrast to a multivibrator, the reactance tube does not rumn into
grid current, ithe larger control voltage required can easily be
obtained.
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Fig.36. Sine oscillator operating as a line sawtooth generator, and reactance

‘control tube with the PCF 80.

PARTS LIST: R, = 0.56 M) Rg = 33 K2 (1 W) Cy = 10.000 pF
R, = 0.56 Ml v R, = 5.6 Ml. Cy= . 0.1y
Ry, = 39 k2 Rg = 56 k) Cy = 820 pF
R, = 470 Q €, = 1500 pF Cq = 100 pF
R = 5 k{l (variable) C, = 1500 pF C, = 1500 pF (mica)

All resistors should be %; W unless a different wattage is indicated.

Fig.36 represents the circuit in which the pentode section of a
PCF 80 operates as a sine oscillator, whilst its triode section
functions as a reactance control tube.

The sine oscillator is of the Hartley type, and is adjusted to
class C, so that the anode voltage of the tube consists of nega-
Ctive peaks'of high amplitude (Fig.37), which can control the line
output .stage directly. It is also possible to connect a capaci-
tor between anode and earth to obtain a sawtooth-shaped output

voltage;



Fig.37. Anode signal of the péntode section of
the PCF 80 operating as a sine oscillator in a

line sawtooth generator circuit.

The frequency of the oscillator can be
adjusted roughly by means of a variable
core in the oscillator coil: the induct-
ance of the coil can be varied in this way between 30 mH and
75 mH. The tapping ratio of the coil is approximately 3, the sig-
nal at the control grid of the pentode thus being about 3 times
that at the screen grid. To prevent squegging of the oscillator,
which may be caused by the coupling between the coils being so
tight, the control grid of the tube is connected to the anode via
a resistor of 5.6 M (Rg) . The low-frequency feedback thus obtained
ensures a completely stable operation of the oscillator.

M1512

Frequency deviations of the oscillator are checked by means of
the triode section of the PCF 80. The latter operates as a reac-
tance control tube and is shunted across the tuned circuit of

the oscillator.

Such a control tube may be either an inductive or a capacitive
tuning device. The choice is determined, amongst others, by the
polarity of the control voltage that is obtained from the fly-
wheel circuit at a given phase shift between the synchronising
and flyback pulses.

In view of the frequency stability with respect to mains voltage
fluctuations the control tube should form an inductive load, so
that the capacitive load exerted on the tuned circuit by the oscil-
lator tube itself, is compensated.

The parallel connection of the capacitor CS (820 pF) and the in-
ternal resistance of the reactance control tube forms acomplex load
on the tuned circuit of the oscillator. The reactive part of this
load depends on the mutual conductance of the reactance tube, and
since the tuning frequency of the oscillator depends, in turn, on
this parallel reactance, the frequency can be influenced by a
variation of the mutual conductance of the reactance tube. This
variation is obtained by modifying its bias, such as caused by
the direct voltage generated in the flywheel circuit when the fre-
quency or the phase of the synchronisation pulses differ from
those of the flyback pulses. The reactance tube circuit has been
so designed that this direct voltage changes the parallel reactance
of the sine oscillator to such an extent that its frequency is
reduced or increased to the correct value.

The reactance tube also offers the possibility of fine adjustment
of the oscillator frequency. As can be seen from Fig.36, a poten-
‘tiometer Rg 1is included in the cathode lead of the tube; a direct
voltage is taken from this potentiometer and applied to the grid
of the tube via the flywheel circuit. This direct voltage has the
same effect as a direct voltage generated in the coincidence de-
"tector itself: it changes the frequency of the sine oscillator.
The potentiometer Rg thus acts as a horizontal hold control. A
resistor of 470 () (R4) is connected in series with the potentio-
meter Ry to prevent the tube being overloaded in any position of
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the horizontal hold control. If necessary, the potentiometer may
be mounted at some distance from the reactance tube, provided the

leads to the potentiometer are screened.

The reactance tube circuit exerts a fairly heavy damping on the
tuned circuit of the sine oscillator. It is possible to decrease
this damping in various ways; the rise time of the pulses at the
anode of the oscillator tube is thereby reduced. Experience re-
veals, however, that reduction of the damping does not noticeably
improve the performance of the timebase, so that the low-cost cir-
cuit, as described above, will usually be preferred.

Measurements have been made on the susceptibility to interference
of a receiver equipped with a phase splitter (Fig.31) and with the
circuit described in this section. The receiver concerned was not
provided with a noise inverter. For this measurement a video sig-
nal with interference pulses was applied to the sync separator
(Fig.31). The pulse frequency was 1300 c/s and the duration of the
pulses was approximately two line periods, i.e. 130 pusec. The
synchronisation appeared to operate satisfactorily unless the am-
plitude of the interference pulses exceeded three times that of
the video signal. With a small video signal the amplitude of the
interference pulses could be increased to 5 - 6 times the video
signal before synchronisation was upset.

It is recommended to use a mica capacitor (C7) in the tuned circuit
of the oscillator to prevent temperature variations from caus-
ing detuning.

The oscillator coil is wave-wound on a former of fuller board with
an outer diameter of 6 mm, and provided with a variable iron dust

core. The data of the coil are:

number of turns : 2000;
wire : enamelled copper wire, 0.12 mm, silk covered;
total inductance : variable between 30 and 75 mH.

The coil is tapped at 450 turns. The tapping is connected to the
supply line; for class C operation of the oscillator, the largest
number of turns must be between the supply line and the control

grid.

CIRCUIT DATA

Pentode section Triode section
Anode voltage....vessesessesanns Vo = 135 v 1y 180 V
Anode current.....eeeeieeiecnaa.s I 0= 0.8 mAl) 0.5-4 mA 2)
Screen-grid voltage...ceeiaanann. ng = 180 V
Screen-grid current....ceceseocas Ig2 = 3.7 mA
Control-grid voltage..eeeeeaeennn Vg1 = -56 V 1-34 V- 2)
Cathode voltage.cieeieeieececanenns Vk = oV 26-44 V 2)

l) This voltage (current) becomes smaller (larger) when an RC-network is added

to the anode circuit to obtain a sawtooth-shaped output voltage.

2) Depending on the setting of HS.



FRAME TIMEBASE CIRCUIT

The triode section of the PCF 80 can be used as a limiter of the
frame synchronising pulses. The pentode part then remains avail-
able to function as a frame sawtooth multivibrator in combination
with another tube. Fig.38 represents the diagram in which the
other part of the multivibrator is formed by the triode section
of the PCL 82. The pentode section of this tube is specially de-
signed as a-frame output tube for 90° deflection, whilst the triode
is available for use as a frame blocking oscillator or as part of
a frame multivibrator.

Vboost

PCF 80

/

I
1

L

7
5

R, 1

R;o§ Ri2

M1513

Piain)

Fig. 38. Pulse limiter and frame timebase multivibrator with a PCF 80 and the

triode section of.a PCL 82..

PARTS LIST: R, = 33 k(1 Rg 1 M. (variable) c, = 470 pF
R, = 8.2 M2 Rg = 18 k() (£5 %) c, = 10.000 pF
Ry = 2.2 M) Rg = 8.2 KD (15 %) Cy = 15.000 pF
R, = 10 K2 (15 %) Ry, = 1 M. (variable) C, = 2200 pF
Ry = 1 MO (£5 %) R, = 0.22 Ml Cg = 22.000 pF
Ry = 27 k) (+5 %) Cg = 83.000 pF
R, = 2.2 Ml c, = 0.1 uF

1

All resistors should be @ W unless a different wattage is indicated.

Especially with respect to the multivibrator circuit, the diagram
shown in Fig.38 offers several features which make it preferable

to conventional timebase circuits.

The frame synchronising pulses, which are taken from the sync
separator circuit are fed to the triode section of the PCF 80 via
one or more integrating networks. The pulses must benegative-
going and their amplitude must exceed the grid base of the triode
at a very low anode voltage (approximately 10 V). Since the grid
of the triode is connected to the supply line via a high-.ohmic
leak resistor R, (8.2 M), grid current will limit the pulses,
which will dlso be clipped since they partly exceed the cut-off
voltage of the tube. Due to the clipping action of the tube the
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amplitude of the frame synchronising pulses remains constant, in-
dependent of the amplitude of the video signal, so that the sta-
bility of the frame synchronisation is improved. When no noise in-
verter is used in the synchronising circuit, noise peaks in the
pulse signal will also be clipped by the triode.

The anode of the synchronising pulse limiter is connected to a
tapping on the cathode resistor of the triode section of the
PCL 82. The synchronising signal is thus applied to the multi-
vibrator via the cathode impedance.

One of the cathode resistors is
T shunted by the capacitor Cg to pre-

vent synchronisation being brought

-—W

s
'

about by the leading edge of the

synchronising pulse coinciding with
the trailing edge of the pulse gene-
rated by the multivibrator itself at
the cathode of the triode. Fig.39a
a b “®¥  represents the cathode voltage which
would occur if the cathode resistor
were not shunted, Fig.39b displaying
the cathode voltage when the cathode

resistor is shunted. In Fig.39a the

Fig.39. Cathode voltage of the
triode section of the multivi-
brator. (a) cathode resistor not
shunted:; (b) cathode resistor Rg

shunted by C synchronisation of the multivibrator

S may occur either at point S or at
point P. In the actual circuit (Fig.39b) synchronisation is only

possible at the steep front edge of the cathode signal (point S).

The capacitive shunt of the cathode resistor therefore contributes

to the correct interlacing of the picture.

The multivibrator is so designed

that the performance of the circuit Y as Q§ az §$ *Vboast
is almost completely independent g% §§ §§% gg

of variations. in the tube charac- a HF&7=F‘
teristics. Fig.40 shows a convent- 5 yas

ional frame multivibrator circuit as I -
might be formed by means of the =

triode section of the PCL 82 and the
pentode section of the PCF 80, the
RC-coupling circuit between the

M 1515

tubes being so chosen that anode Fig.40. Conventional circuit of
current flows in the pentode during o frame timebase multivibrator
short periods only. Fig.41l repre- with the pentode section of the
sents the resulting control-grid PCF 80 and the triode section of
voltage of the pentode; the slope of the PCL 82.
the discharde current B of the coup-
ling capacitor can be varied by means of

_____ the grid-leak resistor Rl' which serves
as a frequency control. The frequency of
the multivibrator, however, depends not
only on the slope of the discharge curve,

ise but also on the amplitude A of the con-
v trol-grid voltage. The latter is deter-
Fig.4l. Control-grid voltage ;g by the anode resistor and the anode
current of the triode of the PCL 82.

When this tube is used in the circuit

of the pentode section of the

multivibrator shown in Fig.38.

of Fig.40 a spread in the anode current,



which may amount to 2 mA, must therefore be taken into account.
This is the largest spread which may be encountered between
various samples consisting of new tubes and tubes which have reached
their end-of-life condition. Since the anode current of an average
tube in the circuit of Fig.40 is 4 mA it is clear that large fre-
quency deviations will occur when this current varies by 2 mA.
These frequency deviations may even be increased by tolerances in
the components used. It appears to be impracticable to chose the
value of Ry so that the resulting frequency variations fall within
its range.

The multivibrator circuit shown in Fig.38 is almost independent
of variations in the tube characteristics. This has been achieved
by giving the triode a large cathode resistor, the value of which
is almost equal to that of the anode resistor (26 k{1 and 27 k)
respectively). Furthermore, the grid leak resistor of the pentode
is connected to the cathode of the triode. When the average value
of the anode current of the triode increases, e.g. due to re-
placement of the tube, the amplitude of the anode signal (cf.
A in-Fig.4l) increases likewise, as aresultof which the fre-
quency of the multivibrator tends to decrease. An increase of the
anode current of the triode, however, causes also an increase of
its cathode voltage, which is substantially equal to the increase
of the anode signal. And since the grid leak resistor of the pen-
tode is connected to the cathode of the triode, an increase of the
cathode voltage results in a reduction of the bias of the pentode,
which has the effect of increasing the frequency. The consequences
of the increase of the signal at the anode of the triode and of the
reduction of the pentode bias compensate eachother almost entirely.
The deviation of the multivibrator frequency, resulting from a
variation in the anode current of the triode of 2 mA, is only
3% in this new multivibrator circuit. The corresponding deviation
in a conventional circuit would exceed 20%.

Since anode current flows in the pentode section only during very
short periods, variations in this current will not noticeably
affect the frequency of the multivibrator.

MI1517

Fig.42. Oscillogram of the anode voltage
of the pentode section of the multivibrator

shown in Fig.36.

Fig.42 displays an oscillogram of the anode voltage of the pentode
section of the PCF 80.

The RC-network between anode and earth comprises a potentiometer
Bll which serves as an amplitude control. The signal taken from
this potentiometer may be fed directly to the control grid of the
frame output tube.
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The data of the frame timebase are:

TRIODE SECTION OF THE PCF 80

Supply voltage....cooeunn

Anode voltage...ceeeeeeen

Anode current...

Cathode voltage.

e s e e

PENTODE SECTION OF THE PCF 80

Supply voltage..
Booster voltage.
Anode voltage...

Anode current...

.o

.o

Screen-grid voltage......

Screen-grid current......

Cathode voltage.

TRIODE SECTION OF THE PCL 82

Supply voltage..

Anode voltage....... ces s

Anode current....

Cathode voltage.

ce s s 00

e s e s

e e e s a0

e e e s a e s a0 e e
........ oo
e s e s s e s

e s s a0 e .
R
. . .
e a0 e e

e e e s s e 0 s s e

180

725

mA

mA



DATA OF THE PCF 80

HEATER DATA

Heating: indirect by a.c. or d.c.: series supply

Heater voltage...eeeeieeasnsn Vf = gV

f

i

Heater current....vieeeeaeas I 300 mA

BASE CONNECTIONS AND DIMENSIONS

max 22
N
9| ©,
N
x| Lo
g5
g
kr ff hkpg3.s [ v
79545
Fig.43. Base connections and dimensional
drawing (dimensions in mm) of the PCF 80.
CAPACITANCES
Pentode section Triode section Between pentode and triode section
< = <
Cagl 0.025 pF Cag 1.5 pF CaPaT 0.07 pF
= = <
Cgl 5.5 pF C 2.5 pF CgPaT 0.16 pF
= = <
a 3.8 pF Ca 1.8 pF CanT 0.02 pF
TYPICAL CHARACTERISTICS
Pentode section
Anode voltage...eeeeesenscssncescnnas Va = 170V
Screen-grid voltage. ieeeeeeenscennass ng = 170V
Control-grid voltage.seeeeeeereecnenn Vgl = -2V
Anode CUTTENt .t eosseesesosscossasnasss Ic = 10 mA
Screen-grid current.sseececcescscoces qu = 2.8 mA
Mutual conductancCe...eseeessseacesass S = 6.2 mA/V
Internal resistance.ssecececcccccecens Ri = 0.4 M)
Amplification factor between screen
grid and control grid.....c.couen #q2gl = 47
Input resistance at 50 Mc/s....ieooen ro1 = 10 k{2
Equivalent noise resistance.......... Req = 1.5 k)
Triode section
Anode voltage...eceessessnscosatnnanns Va = 100V

= -2V
= 14 mA
mA/V

Control-grid voltage...seeeveeveneaans
Anode CUTTEeNtaeoeoeeeescosossscscsscassocs
Mutual conductanCe.ceeeeeesoseeeennes

= 20

n o~ <
N e
1
w

Amplification factore.sseeeeeeceecsns



OPERAT ING CHARACTERISTICS

Pentode section as mixer

Anode VvOltage.seeeeeeesooosnonnnensnnnas Va = 170 170 Vv
Screen-grid voltage..veeeeeeeeeoeneennns ng =170 170 Vv
Cathode resiStor...uvesssssvesseeeannee.s B = 330 820 {
Anode CUITrent..seeeeeeosesscaosnnsoassssans Ia = 6.5 5.2 mA
Screen-grid CUTrent.ceeeeeoessasonscanss IgZ = 2.0 1.5 mA
Control-grid current.....eoeeeesecacanans Igl = 25 0 uA
External resistance between control

grid and cathode..ii e iivenenonnnnann qu = 0.1 0.1 M)
Oscillator voltage at the control grid..‘Vosc = 3.5 3.5 vrms
Conversion conducCtancCe..seseseessonssanss Sc = 2.2 2.1 mA/V
Internal resistanCe..cceesscccscassccocanss Ri = 0.8 0.87 M)

Note: It is recommended to employ the triode section in a Colpitts type of

oscillator and not in a Hartley circuit.

LIMITING VALUES

Pentode section

Anode voltage at zero anode current.......oeeeee. V o = max. 550 V
Anode vOltage.ueeuieeeeeossassoeossssssonsasasssns Va = max. 250 V
Anode diSSipatioN.eeeeseesssssonssscsssssesonssns Wa = max. 1.7 W
Screen-grid voltage at zero screen-grid current.. ngo = max. 550 V
Screen-grid voltage (cathode current z 14 mA).... ng' = max. 1756 Vv
Screen-grid voltage (cathode current = 10 mA).... ng" = max. 200 vV .
Screen-grid dissipation..c.ceeieiicaareeransonns e ng = max. 0.5 W )
Cathode current....ceeeeessosssococeoscsesnscnssnns Ik = max. 14 mA
Control-grid voltage (grid current = +0.3 ;LA)....-Vgl = max. 1.3 Vv
External resistance between control grid and

cathode with automatic biads..iiierieeaseacscenns Rgl' = max. 1 M0

with fixed bids.ieeeeeiecenronasnnanns gl.' = max. 0.5 M

Voltage between cathode and heater

(k Nege: f POS. ) eeeeeoessasaasosssnsacssncenns ka = max. 100 V )

(k POS.: f N@G.a)ueeusnesnnosesnossonononssnnns ka = max. 200 V 9)
Triode section
Anode voltage at zero anode current..cscescsescss VCl0 = max. 550 V
Anode VOltage ...eeeeeeoosocoasoasssoasssssanssasns Va = max. 250 V
Anode diSSipation..eeeeeeeetoaressscacsosnsacsnns Wa = max. 1.5 W
Control-grid voltage (grid current = t+ 0.3 yA)...-Vq = max. 1.3V
Cathode current.e.eeeeeeeeeetssosaosasonns reecseoan Ik = max. 14 mA
External resistance between control grid and

CAthOdE@ es oseeeeeonsoneosaossascsesssnsanssesss Rq = max. 0.5 M)
Voltage between heater and cathode

(k nege: f POS.)eeeetenneacasnnsansotaenannnss ka' = max. 100 Vv )

(k pos.; f neg.)eieeeeenoeoonsnnnenennasonnnss ka" = max. 200 v 7)

1) If Wa < 1.2 W the maximum value of Wq may amount to 0.75 W.

2
) duoc. component = max. 120 V,
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Fig.44. Anode current Ia and screen-grid cur-
rent‘ IgZ of the PCF 80 plotted as functions of
the control-grid voltage Vgl with the anode
voltage Va and screen-grid voltage ng as

parameter.
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Fig.45. Anode current Icr of the PCF 80 plotted as a function
of the anode voltage Vo, with the controel-grid voltage V 1 as
parameter, at a screen-grid voltage ng of 100 V.
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Fig.46. Anode current Ia of the PCF 80 plotted as a function
of the anode voltage Va with the control-grid voltage Vgl as

parameter, at a screen-grid voltage qu of 170 V.
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Fig.55. Anode current IaT of the triode
the PCF 80 plotted against

section of

the

grid voltage VqT at an anode voltage VGT

of 100 V.
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grid voltage VgT as parameter,

PCF 80 plotted against the anode voltage VaT with the
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Fig.18. Diagram showing the correlation of the video amplifier, of the A.G.C. and noise inverter cir-

cuits and of the sync separator and phase splitter circuits described in this Bulletin.

PARTS LIST: R, = 3.9 k() Ry, = 0.39 M By, = 5.6 k{1 (1 W) Cg = 150 pF
R, = 20 Kkl (variable) R = 8.2 k() Ryg = 82 () Cg = 0.1 uF
Ry = 33 k)l (1 W) Rig = 22 k() Ryg = 4.7 Kl (1 W) Cyy = 0.27 uF
R, = 10 K R, = 0.15 Ml Ryo = 0.56 M. C;p = 820 pF
Ry = 10 K1 (3 W: 5% Rig = 10 k) Ry, = 0.56 M Cip = 2200 pF
Rg = 18 kK2 (1 W: +5%) Rig = 56 ki) (4 W: +5%) Ry, = 39 k() Cis3 = 820 pF
R, = 12 K1 (W) Ryq = 47 €0 (4 Wi 15%) C; = 1500 pF Cy4 = 1500 pF
Rg = 1.2 k{l Ry, = 0.22 M C, = 10 uF Cyg = 1500 pF
Ry = 1 M) Ry, = 8.2 Ml €, = 1500 pF Cig = 120 pF
Rig = 0.2 Ml (variable) Rys = 0.18 M( c, = 1500 pF C;; = 10000 pF
R | = 0.39 M Ry, = 56 k() Cg = 1500 pF Cilg = 0.1 uF
Ry, = 0.22 M) Ryg = 33 k() Cg = 0.47 uF L, = 60 uH
Ry, = 0.15 Ml Rye = 3.3 k() C, = 1500 pF L, = 0.55 uH

All resistors sl';ould be l/ W, $10%, unless a different wattage or tolerance is indicated.
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