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Commentary

¢ RADIO RESEARCH 1963’ has recently been published

and is the report of the work carried out last year by
the Radio Research Station of the Department of Scientific
and Industrial Research.

As is well known, the Radio Research Station’s efforts
are largely concentrated on essentially geophysical prob-
lems and for many years the work of the Station has been
devoted mainly to studies of the propagation of radio
waves over a large range of distances and over practically
the whole radio frequency spectrum. In its turn this work
has led to practical and theoretical investigations of the
ionized and un-ionized parts of the atmosphere through
which the waves travel and by which they are affected
in transit. The knowledge which these investigations brings
is very valuable and is contributing to a better apprecia-
tion of the fundamental processes at work in the everyday
uses of radio waves and in the uses to which they will
be put in the future: to understand the physical principles
involved in transmission through a medium is important,
since the knowledge so obtained can be applied over the
whole range of uses of radio waves.

While a great deal of the Radio Research Station’s work
is of a purely theoretical and fundamental nature, the
Radio Research Board, whose major duty is to advise
the Director of the Radio Research Station on the content
of the research programme, is concerned to ensure that
investigations of a more practical nature are also included
in the programme. To this end investigations are in hand
towards understanding more clearly what determines the
magnitude of the field strength laid down by a trans-
mitter when the radio-wave energy reaches the receiver by
way of the ionosphere.

During recent years the Station has become increasingly
involved in international scientific ventures and notable
here is the part it is playing in the U.K. contribution to the
International Quiet Sun Years (1.Q.S.Y.) enterprise and in
space research.

The 1.Q.S.Y. project is a follow-on to the International
Geophysical Year (1.G.Y.). During the 1.G.Y. held in
1957-58 geophysicists spread widely over the earth co-
operated in an international programme of observations.
This period of observation, which had been planned to
coincide with a maximum in the sunspot cycle, proved to
be exceptionally fortunate as it happened that, on this
occasion, the maximum was greater than any since the
start of observations some two hundred years ago. Never
before had observations been made with such advanced
techniques or so widely over the earth and the addition to
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scientific knowledge was enormous. However, in many
cases comparable observations were not available near
sunspot minimum. To remedy this omission another period
of international observation known as the International
Quiet Sun Years has been organized to occupy the period
near sunspot minimum and will run from January 1964
to January 1966. During the period of the 1.Q.S.Y. the
Radio Research Station will take part in the international
programme by repeating some of the observations it made
during the 1.G.Y. Routine vertical soundings of the iono-
sphere will be made at Slough and at the outstations in
Singapore and Port Stanley (Falkland Islands) and special
observations of ionospheric drift and absorption will be
made at Singapore.

So far as space research is concerned the Radio Research
Station’s contribution is twofold: direct space research and
the maintenance of ‘space science services’. In all of the
research work concerned with the ionosphere and solar-
terrestial relations, the Station is making increasing use
of rockets and artificial satellites. In total, about one-
quarter of the Station’s effort is devoted to the design and
execution of experiments made with the help of rockets
and satellites, while another one-quarter is devoted to
providing ‘ space science services ' to assist other workers
in space science in the United Kingdom and elsewhere.

The Station is making contributions to the National
space research programme through experiments in rockets
fired from the range at Woomera in Australia; to the
combined U.K.-U.S.A. programme through an experiment
to be performed in the third joint U.K.-U.S.A. satellite;
to the programme of the European Space Research Organi-
zation (E.S.R.0.) through an experiment to be performed
in one of their first two satellites; and through a collabora-
tive arrangement with the Canadian Defence Research
Board, to the analysis of results obtained by their
¢ Alouette ’ topside sounding satellite.

The ‘space science services’ provided by the Station
include the maintenance and operation of the N.A.S.A.
Minitrack Station at Winkfield, the reception of telemetry
at Singapore and in the Falkland Islands and the pro-
cessing of telemetry data after transmission.

There is no doubt that the advent of new research
techniques such as rockets, satellites and lasers have in-
creased enormously the scope of the work carried out by
the Radio Research Station while they have, in return,
made a great deal of the routine investigations appear more
meaningful than sometimes they have appeared in the past.

ELECTRONIC ENGINEERING



Demodulation Circuits for PAL Colour

Television Receilvers
(Part 1)

By W. Bruch*

In this article some characteristic circu
A switchable decoder permits processing
evaluation of the signal by the PALp, m
with NTSC signals. A number of basic

its are described for the demodulation of PAL colour signals.
the signal according to the PAL. principle in addition to
ethod; disconnexion of the PAL circuits allows operation
circuits and their practical design are described together with

suggestions for reducing the cost of the delay line modulator.

(Voir page 576 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 583)

WITH the PAL colour television system®* the two
quadrature components making up the modulation
signal are sequentially transmitted on alternate lines. Two
demodulation methods are available for reception. With
the delay-line demodulator, PALpy, t, undistorted Fq’, and

FonFori

(b)

corresponding F1’ signals are obtained by respective addi-
tion and subtraction of the direct and delayed carrier
signals in their correct phase relation. It is also possible
to use the ‘simple PAL system’, PAL., where suitable
commutation of the NTSC synchronous demodulator
allows the eye to perceive mean values of successive colour
signals on the screen. For both these systems a number
of circuits has been developed which has allowed the
PAL system to be brought to its present state of develop-

* Telefunken A.G., Hanover.

t Demodulators using delay lines are designated ‘PALpy,’
or ‘Standard PAL’ while those without delay-lines are termed
*Simple PAL, here abbreviated to * PAL,'!. The NTSC chromi-
nance sub-carrier is written as F and its complex conjugate F.
Fo', FY, Fp- _y+) efc. represent the carriers modulated with
the Q', I', (B" —Y’) etc. chrominance signals®? c.f.
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ment. Some of the more important of these circuits are
described here in detail.

Demodulation with Respect to I’ and Q’

512

Demodulation whereby the I’ and Q’ chrominance sig-
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Fig. 1. Signal separating circuit of the PAL system

(a) block diagram of delay-line demodulator (synchronous
demodulators are omitte

(b) basic circuit
(¢) basic circuit with additional delay-line for fine adjustment

nals impressed on the transmitted carrier are retrieved at
the receiver seems the most obvious method and indeed
gives the best possible signal-to-noise ratio. The basic
principle of this type of demodulation using a delay-line
is illustrated in Fig. 1(a) and can be realized in practice
by a variety of circuits. Circuits relying entirely on passive
elements, i.e. those working without valves or transistors,
for the formation of the sum and difference terms indi-
cated in Fig. 1(a) have so far proved the most successful
as they ensure long-term stability and temperature inde-
pendence. Such a circuit is outlined in Fig. 1(b).

As is seen from Fig. 1(b) the sum (2 Fg') and difference
(2Fy —2Fy,2F’...) sub-carriers are each formed across
a resistance network. Both these resistance matrices and the
delay line are supplied from a cathode-follower or, better
still, from an emitter-follower where transistor circuits are
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used. Input and output impedances of the currently used
ultrasonic delay line are in the region of 50Q2. It is pos-
sible, therefore, to use a step-up transformer (73) with
band-pass characteristics at the output of the delay line
to make good the voltage drop of approximately 16dB due
to termination and insertion losses of the line. The trans-
former (T1) secondary is wound bifilarly and great care is
taken to ensure symmetry. One of these bifilar secondary
windings gives the voltage for the summation signal (Q’)
while the other produces, with a 180° phase shift, the (1)
signal for the difference channel. Because of the sym-
metrical arrangement of the transformer secondaries its
primary circuit is completely independent of the output.
Any interference reaching one of the secondaries, whether
inductively or by conduction through the resistance chains,
is cancelled by an equal and opposite signal which is
bound to exist at the other secondary winding. The two sum
and difference subcarriers appearing across the two resist-
ance networks are then rectified in high input resistance
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Fig. 2. Adjustable delay-line (DL‘_,)

synchronous demodulators thus yielding the /" and Q'
video signals. The I demodulator output is moreover
switched through 180° on alternate lines. Switching is per-
formed by a bistable multivibrator circuit which in turn
is triggered by the line fly-back pulse. A transmitted refer-
ence signal ensures the correct phase relation between
transmitter and receiver 1'°. Although a number of suitable
gated-beam demodulators, using for instance the 6GY6 or
6BN6 type valves are available, discussion is here confined
to diode-ring-demodulators, also referred to as clamping-
diode demodulators.

To enable the delay time to be set accurately a small
adjustable delay line DL, has to be added to the circuit
of Fig. 1(b). It is not economically possible to produce such
a small delay line with a low characteristic impedance of
the same order as that of the ultrasonic line DL, It is,
however, feasible to produce cheap and stable delay lines
with characteristic impedances of 2k{) or more. A trans-
former to match the two delay lines must therefore be

AUGUST 1964

513

provided so that the complete circuit takes the form of
Fig. 1(c).

The construction of the adjustable delay line DL is
shown in Fig. 2. A rotatable rod of insulating material,
alongside of which a strip of earthed metal foil is fixed,
is eccentrically arranged within a single layer coil. Rota-
tion of the rod allows the capacitance and thereby the
delay time and characteristic impedance of the line to be
varied over a sufficiently wide range. The line is terminated
by a 2-2k() resistor equal to the mean value of the charac-
teristic impedance of the delay line. The graph of Fig. 3
shows the possible adjustment of delay time expressed in
terms of phase displacement (A¢) of the chrominance sub-
carrier. Since the delay adjustment is inevitably associated
with a variation in characteristic impedance, the adjustable
range must be limited to avoid serious mismatching with
fixed termination resistances.

Where wider tolerances in the transmission times of the
ultrasonic delay lines have to be expected, it is convenient
to stock the fine adjustment lines in two or three different
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Fig. 3. Range of adjustable delay-line shown in Fig. 2 expressed as phase
displacement 4¢ at 4-43Mc/s inst I a of adj rod
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lengths so that the overall delay can always be correctly
set. The temperature coefficient of the delay coil was
measured to be 2 X 107¢/°C so that it can be entirely
neglected*. The total delay time r, must differ by exactly
+0-25 cycle from the actual line duration which, with
quarter-line offset, corresponds to 283-75 cycles®. Adjust-
ment is facilitated by the fact that the delay period may
be either 284 or 283-5 cycles of the chrominance carrier.
A half-cycle adjustment is obtainable simply by reversal
of the terminal connexions to transformers Ti.

Fig. 4 shows the circuit of a transistor demodulator used
for demonstrating both the PAL and NTSC systems*. With

* The PAL to NTSC switch-over facility has proved very
valuable in comparative tests on the two systems particularly
as no other parameters of the decoder need be changed. It is
necessary, however, for such comparisons that the PAL and
NTSC systems are worked on the same subcarrier frequency,
ie. an NTSC system with the quarter-line offset necessary for
PAL® or, as is common now, PAL system with a line scan
displaced by 0-88 X 10~° cycle.
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suitable I’ and Q’ filters good signal-to-noise ratio and low
cross-modulation in the colour channels are achieved. If
the transformer T: and the delay lines are disconnected by
operation of switch §, (Fig. 4) the PALpy, demodulator
becomes a PAL, circuit. If now, in addition, the bistable
switching circuit is bypassed with switch S: (Fig. 4) in the
down position, an NTSC demodulator is obtained. Thus
it is easily possible not only to convert a PALpL demodu-
lator to NTSC working in the factory but also to design
sets for dual operation on, for instance, PAL and NTSC.
The carrier commutating circuit using diodes MR: and
MRs and the controlling multivibrator (VT and VT5)
shown in Fig. 4 are identical with the circuits described®
for PAL., demoduiators.

With switch 81 (Fig. 4) in the PAL,/NTSC position,
matching resistors R3 are brought into circuit so that the
following diode demodulators should work from the same

Fig. 5. Voltages at tbe outputs of PAL demodulator

(a) transmitted NTSC signal: I’ —output voltage with incorrect
alignment of PALDL receiver
(b) as (@) but with correct receiver alignment

(c) transmitted NTSC signal: Q°'—output volitage with correct
receiver alignment (NTSC-Q' —signal)

(d) transmitted PAL signal: I’ —ouput voliage of I’ALDL receiver

(e) as (d) bur Q' —output voliage

() output of PAL, i’ —demodulator with 30° error in reference
carrier phase and correspondingly
amplitude

) as (f) bur measured on a PAL_ receiver

increased chrominance
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Fig. 6. Pass-band (logarithmic) of colour
f tor (wobbul ) applied to input
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(a) direct path
(b) delayed path

source impedance as they do when the delay lines are con-
nected. This is important for a fair comparison between
the properties of PALpy and PAL, as it avoids changes in
colour saturation on the receiver screen when switch S
is operated: this also applies to a comparison between the
PALp. and NTSC systems, provided always, similar
chrominance carrier offsets and modulation methods are
used.

In order to obtain colour-true picture backgrounds, the
output valves of the three colour-difference amplifiers or,
with monitor decoders, the R’-, G’-, B’- output stages
should be clamped during line flyback*. Moreover to main-
tain the black-level accurately in all three channels the
colour signal is blanked out during line fly-back by block-
ing of transistor VT: (Fig. 4) which removes both burst
and noise during d.c. restoration.

Alignment of the delay-line bridge circuit is easily
achieved with switch §, (Fig. 4) in the PALpyL position by
means of an NTSC modulated (colour test chart) signal.
The output voltage of the I’ demodulator as observed on
a c.r.o. screen is gradually reduced to zero by alternate
adjustment of resistor Ra and of the fine-adjustment delay
line DL;. Fig. 5(a) shows an I” demodulator output voltage
such as might be expected before alignment, while Fig. 5(b)
shows the c.r.o. trace for a properly balanced circuit with
the corresponding Q’ output voltage reproduced in Fig. 5(c).
Thus aligned, both demodulators will now give the cor-
rect I’ (Fig. 5(d) and Q" (Fig. 5(c) outputs when operated
with PAL signals. Adjustment of the reference carrier

* Diode clamps, now frequently replaced by switched tran-
sistors, are used for d.c. restoration to ensure maintenance of
the true black-level as transmirted®.
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phase is not critical, it can be checked with switch S; in
the PAL, position when a ‘ venetian blind’ effect will be
visible if the sesting is incorrect. Fig. 5(f) shows the
same signal as Fig. 5(d) but new with a phase error dis-
placement of 30°. If the amplitude of the chrominance
stgnal is suitably increased the same undistorted voltage as
in Fig. 5(d) is obtained. Fig. 5(g) shows the [’ signal in a
PAL, system with the phase error as obtained for Fig. 5(f).
This shows several pairs of signals superposed in order to
show the deviation of successive lines from the required
shape of Fig. 5(d), the effect of which however averages
out.

Fig. 6(a) and 6(b) show the pass-band of the colour
channel through the direct and the delayed paths respec-
tively as it was recorded with a sliding frequency generator
(wobbulator) connected to the input. A section of a pulse
modulated chrominance carrier at the input to the Q’-diode
demodulator is shown in Fig. 7(a), a direct and a delayed
signal being reproduced side by side for comparison. The
sum (2Q’) and difference (/) of the pulse signals is illus-
trated respectively in Fig. 7(b) and 7(c).

Fig. 7. Section of pulsed carrier at input to Q’-demedulator direct pulse
on left; delayed pulse on right

(a) before addition
(b) after addition at carrier frequency (2Q°)
(¢) the same puises at input to I’—demoduator (subtraction)
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Fig. 8. Demodulator of Fig. 4 built as plug-in sub-assembly
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Fig. 9. Vector representation of PAL colour test chart

A demodulator according to Fig. 4 built as a plug-in
sub-chassis is shown in Fig. 8.

Circuits Without Delay Line for Direct Demodulation of
the R” — Y and B’ — Y’ or the X’ and Z’ Signals in
Simple PAL Receivers

I’-, Q' decoding and matrixing requires a high number of
stages (for signal reversing); it is not favoured by manufac-
turers due to the high cost, which is increased further by
the circuits for delay time equalization.

For NTSC receivers so-called equi-band demodulators
are commonly used and particularly those which supply
two of the picture signals, (R” —Y”) and (B" — Y”), directly
while the (G° —Y’) signal is obtained from a simple
matrix and reversing circuit. As in the PALpy receiver,
these signals can also be produced directly by suitable
demodulating circuits in PAL, receivers without delay
line. If Q' is chosen as the horizontal reference a convenient
vector representation for the PAL system can be produced.
With NTSC transmissions and a reference carrier lagging
the datum Q’ by 33° (referred to as 4(B’ — Y’) a syn-
chronous demodulator produces a signal of 0-493 (B’ —Y")
and a corresponding signal* of 0877 (R’ — Y-) with a

* After demodulation, the signals (R’ — Y’) and (B’ — Y’) as
well as X’ and Z' appear multiplied by differing amplification
factors. These are constants in the NTSC equation® which
must be taken into account in the gain of the output stages
following demodulation. For the sake of simplicity these con-
stant multipliers will for the time being be neglected in the
following discussion.
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Fig. 11. Demodulation axes with X’ and Z’
demodulation in PAL. receiver

reference carrier phase angle Z(R’ —Y’) of 57° leading.
If with PAL transmission the modulation axis /” is switched
through 180° to —/I’ on alternate lines, demodulation at
the receiver must also be modified as otherwise incorrect
colour signals would result. Fig. 9 shows a vectorscope
diagram of a bar colour test transmitted by PAL. Since
the endpoints of the colour vectors are mirrored in the
Q' axis when the colour signal is transmitted in the com-

plex conjugate form F, the demodulation axes must be
similarly mirrored as shown in Fig. 10. The 33° lagging
phase (B’ —Y’) must now lead by 33° and because
ZB" —Y’. Correspondingly the ZR” —Y’ phase which led
by 57° must be made to lag by that angle Z(R" —Y’). The
new axes have the same relative positions in the new
—I' Q' quadrant as they originally occupied in the I’ Q’
quadrant. Thus it becomes possible to demodulate with
reference to (R’ —Y’) and (B’ —Y"), say, while the I’ signal
is being reversed at the transmitter provided the reference
carrier phases are being appropriately reversed in the two
demodulators. In Fig. 11 this concept is extended to the
X’ and Z’ axes. X’, Z’-demodulation, such as for instance
RCA use in all their NTSC colour receivers, makes it pos-
sible to recover signals to operate the three output valves
in particularly simple, stable colour difference circuits.
According to the design of the circuits the X’ and Z’ axes
are however differently defined. The phase angles shown in
Fig. 11 correspond to the definitions given by Carnt and
Townsend®.

It is seen that it is necessary to demodulate with respect
to four different demodulation axes in order to obtain two
colour difference signals. It might be expected that rather
complex circuits would be required to obtain these four
phase references. This would indeed be the case if these
four voltages were produced by four phase shifting cir-
cuits requiring a complicated electronic switch to connect
the two demodulators in turn to pairs of the phase-shifters.
Two simple examples will demonstrate, however, that this
complication is unnecessary and that the phase switching
can quite easily be attained with a degree of complexity
not exceeding that required for I’-. Q’-demodulation. One
of these examples, using demodulation axes according to
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Fig.

14. Vector representation and block diagram for am alternative reference carrier mirroring circuit for (R’
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Fig. 15. Suggested circuit for Fig. 14

Fig. 10, is shown in Fig. 12. The reference carrier of phase
Z(R" —Y’) is switched alternately on to one of the ter-
minated ends of a delay line. The voltages for the syn-
chronous demodulators are picked off a tapping along the
delay line. With the switch (Fig. 12) in the left-hand posi-
tion, during those line intervals in which signal F is being
transmitted, voltage of phase (R’ —Y") is applied directly
to the red demodulator, which works with respect to
R’ —Y’ as its reference, and then, after a shift of 90°,
to the blue demodulator having B —Y’ as its reference.
The short right-hand section of the delay line is not used
in this switch position. During those line intervals in which
the chrominance carrier is modulated with the conjugate F
signal the switch is on its right-hand contact. Then the
reference carrier of phase Z(R’ —Y’) is applied to the other
end of the delay line and it is taken off at the tap after
a phase shift of 24° and thence fed to the blue demodu-
lator which now demodulates with respect to the conjugate
axis B’ Y” as shown in Fig. 10. After a further phase
rotation of 90° the voltage is taken from the far end of
the line to the red demodulator which thus works with
respect to R — Y’. Thus the required mirroring of the
demodulation axes is achieved. That part of the delay line
which produces the 90° shift is thus operative during both
switch positions.

This circuit has a number of advantages. The carrier
amplitude does not affect the phase rotation; only a single
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pole switch is required; the same section of the delay line
is utilized for the two 90° phase shifts; the phase delays
can be trimmed very simply allowing for adjustment with
the set in use.

A practical embodiment of the circuit using equalizer
networks as phase-shifters and diode switches controlled
by square waves is shown in Fig. 13. The transformer
merely needs to have two similar secondary windings as
against the push-pull transformer required for the circuit
of Fig. 1. With the secondaries wound bifilarly equal
amplitudes and phase relations are ensured. Equalizer
networks as phase-shifters are preferable to delay lines
as they are easier to design and manufacture for low
characteristic resistances. Unlike other phase shifting
circuits they can be loaded at intermediate points of the
chain and can be used in either direction. Such a circuit
for X’ and Z’ reference carriers was constructed for use
with an existing RCA receiver and tested.

Another switching method also requiring only a single
pole switch uses two reference carriers at right-angles one
of which is switched through 180° on alternate lines. These
quadrature signals are thus combined linearly to produce
the required vector mirroring. One of the voltages is of
amplitude A4, say, and lies along the ZQ’ axis, the other
voltage, B, is switched from Z4I’ to Z—I’ on alternate
lines. Fig. 14 illustrates the principle for (B —Y’ and
(R” —Y") demodulation. A completed receiver circuit as
used by the Italian Television Services®*—RAIl—is shown
in Fig. 15.
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An Economical Silicon Switching Transistor

and its use In

Ring Counters

By J. Palmer*

A silicon transistor ring counter was described by Ringrose and Bradley'. The design of the counter
is discussed in detail and suggestions are made which enable an economical version to be made, the

cost ratio being about a decade of the new for

a single trigger pair of the older one. There are

limitations in speed etc., and these are discussed.The counter uses a low cost silicon transistor and
diode. A design example is given. The counter may be used as a straightforward counter or as a type
of commutator, shifting a unique condition or set of conditions along a ring, one stage at a time.

(Voir page 576 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 583)

THIS article was stimulated by the development of a
transistorized ring counter by Ringrose!? following an
earlier valve design®.

With certain reservations it is believed that this circuit
and many others of similar simplicity may be manufac-
tured at a cost ratio of a decade for the price of a single
trigger pair. This saving is achieved by the use of the
silicon alloy transistor, the OC703. It is clearly acknow-
ledged that there will almost certainly be limitations on
the maximum speed of operation compared with the design
by Ringrose, but it is felt that this is usually acceptable
as long as these limitations are understood.

The Basic Circuit

The circuit functions as follows (with reference to Fig.
1(a)). The clear state finds all even number transistors
‘on’ and odd ones ‘off ’ (except V'T1). The circuit is taken
to a desired state for zero count by reversing the condition
of one pair, in this case
VT. VTs. This state is
shown in Fig. 1(b). It
will be observed that i
the collector current of 4
VT: supplies the emitter
current of VT: only
(neglecting leakage cur-
rents).

A square wave into
C: is differentiated by
CiRm. The negative ex-
cursion -nerely switches
VT, harder ‘on’ but
the positive excursion
switches VT, ‘off > for a
short time.

While VT, is ‘ off ’ the
emitter of V'Ts is open-
circuited causing its col-
lector to rise towards
— V. On the way nega- |
tive it takes VT, base
into conduction, VT.
collector falls towards |
earth and tends to cut
off VT; base current,
The action is accumula-

125

Input from
> — -
previous stage

— J

W
=
3

Trigger
input

Fig. 1(a).

The collector of VT is also loaded to a.c. through C:
by the base circuit of V' Ts represented by Rin. It is arranged
that the time-constant of C:Rin, is longer than the time-
constant of the differentiating circuit at the base of VTh.
Consequently when VT, is again allowed back into con-
duction its collector sees only one path to —V. again,
and this is now through the emitter of VT; due to the
negative pulse still retained on VT. base. The resultant
state is shown in Fig. 1(c).

The unique state has now shifted along to the next pair.
The action is limited in repetition rate by the size of the
capacitor C; required to couple the negative pulse to the
following stage. It can cope with quite random pulses to a
lower rate however, and of course will retain its unique
state indefinitely in the absence of a pulse to VTh.

STABLE STATES
Fig. 2(a) shows the state of the non-unique pairs while
(b) shows that of the unique condition.

The. ring (b) and (c) Shifting the unique state

) Output to
1' next stage.b

tive until the pair have

changed condition to

"

VT:‘on’and VT; ‘off . | |

* Brush Clevite Co, Lid.
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tight in view of the prefer-

g

Ro2 Vewrt)s

A4
VT, lC(oH))

Vcl(ul):l lc(o'l)L

Isz
X

—
00 Vaetuar): | ot

Valotr)3

b

(-

Trigger
input

(@) (b)

Fig. 2. The stable states

In Fig. 2(a) VT, is ‘on’, its collector saturating to a
level sufficiently near to earth to keep VT3 ‘off *. This is
not too difficult because the emitter of VT3 is at a small
negative potential, i.e. Veeaaty of V' T\ This is an important
point which relaxes what might have been a stringent
requirement, Veewayy of V' Te. Thus the first requirement is:

VeE@atiz < Vot

where Vpoms is (maximum base-emitter potential allowed
while keeping Icpms to a low value) minus (Veewaty of VTh).
Hence :
(¢))
The collector of VT, rises to a value determined by
Vees Res, Res, Veesaw: and only slightly by the current out
of VTs, designated Icoms. This now sets the qualifying con-
dition for Icwmns, which should be considerably less than
Is; in the worst condition of VT3 Assuming this to be so:

(Veo — VBEGauz) R
Rp: + Ra
It considerably aids in the definition of the base current

of VT, if Vgwomns is large compared with the expected
spreads of Vug(saue.

Because:

Veetsatiz < Vietotns — Veelsatin

Votottis == + VBEGatn

_ Vowotns — Vigwate
- Rp:

In Fig 2(b) V'Ts is ‘ on’, its collector saturating to a level
which, even when added to VcEwsaun, is sufficiently near
earth to keep Iciorn (the current out of VT, collector), small
compared with the base current of VTs, even in the worst
condition of VT, VTs and VT.

The worst conditions are with: high Veeats
hlgh Vce(ul)l
low Vietotn)s

Ip;

because :
Vbe(oll)l > Vce(nt)s + Vce(n'.)l (2)
It is now clear that a high Vcewsu: is a help in Fig. 2(a)

but a penalty in Fig. 2(b). As it might have some finite
value the worst case overall is when it is high.

THE TRANSISTOR

Although the Brush transistor type OC704 was con-
sidered, it was decided that the OC703 was more suitable.
The former specification limits Ve to 3V, by no means
impossible as will later be seen, but nevertheless rather
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ence to keep Votons large
compared with the spread of
VBE(sat)2.

The guaranteed specifica-
tion of the OC703 shows the
following relevant points:
VCE(max) (VBE =

+0-5V) = —80V
Icotmaxy (Ve = —10V) =
—01pA. Icmay = —S0mA.
IB(maxy = —15mA. Vortan (lo
—7mA; Iz = —1mA) =
—320mV. hae. (Ve =
—6V; Ic = —1mA) > 10.

Although Veetmax) is de-
fined at a positive base bias
of 0-5V, its high value in-
cates that it will be ample
even when having a slight
negative bias. This will be
dealt with later although
more from the viewpoint of Icir at a given small forward
bias and a reasonable voltage at the collector.

122

Iotmaxy and Ipmax) are ample.
VoeGay 1S quoted but not the equivalent spread of Vge.

It was decided to investigate a random selection of
OC703 for Vet and Vpguay at various values of /o and
Is.

It happened that a batch of 63 was already being
measured for another task. Its only preselection had been
for a 90V Icpo and 47V Iceo and Igso, all at currents to
be less than 1uA. This group was measured at 10mA Io
and ImA Ip and the results are displayed in Fig. 3.

It will be observed from Fig. 3 that a reasonable yield

28
I‘ r-= Vae
24!- | ] Vg —=—-—
)
20} : |
|
s =4
| | | +5>1-4V
’2:' ) : | +1>1 4V
s ' :
[ 1 ) N
4L 1 _J |
I I '- 1 "--| - -
SN S I N W T whuds e B _—
0 01 002 03 004 05 06 07 08 09 t0 11 12 13 14
v)
Fig. 3. Distribution of VCE("t) and VBE(nt) at lc = —10mA
for tbe OC703 Ip = —1mA

would be obtained by placing limits of Vg of 0-7 to 1-2V
and a maximum V¢ of 0-5V. To be precise 47 transistors
out of the 63 passed this test. The main fall-out is seen to
be in bottoming voltage Voewayy which is not surprising
considering the rigour of the test on such low gain devices.
This is unlikely to be important because in practice such a
high saturated gain will not be demanded. Indeed Ringrose'
states “in fact it may be considered usual to use only one
value of resistor throughout the whole counter”, ie. an
approximate demanded gain of:

2 X Ro/Ro (because Ry, = R.)
or 2.
If, however, a higher gain is demanded, say 5, this will
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be satisfactory. Alternatively a gain of 10 could be obtained
with greater yield by reducing the I¢ towards 2mA, at
about which current 8 is a maximum.

The next test was to check in the circuit of Fig. 4
what value of Igwmn could be expected with the worst
Vortan i.e. —0-5V on the base. Preliminary checks in-
dicated that this was too negative to switch off the OC703
satisfactorily so it was necessary to reduce the Vertay to
0-35V max. This reduced the 47 passes to 41. The remarks
of the previous paragraph still apply however.

The collector voltage was set at —27V as being as high
as anyone is likely to require in this arrangement.

The results of this test are shown in Fig. 4. From this it

24 -2V
20!.

Test slightly
16} -0 35V torward biased

12|

=1 | |

04 05

S 01 02 03 0-6 07
uA
Fig. 4. Distributioo of ’C(o”) for 0C703
at (Vo =27V
Vgg —0:35V)

241

20+ s v

16 $32
e

f

Method of use

061 062063 064 065 066 067 068 069 070 071 072 073 074

Fig. 5. Distribution of $32 diode forward voltage at ImA

will be seen that all were below 0-8uA except one which
was 2-5uA. This was therefore considered a safe value of
Ve,

Summarizing the use of the OC703 in the two stable
states it is seen that one may use a worse Vcg(sary of 0-35V
and a spread of Vsetay between 0-7V and 1-2V.

Further to this a bottomed transistor at its worst will
reduce the collector current of the worst following tran-
sistor to less than say SuA.

All conditions now seem satisfactory except the worst
case of inequality (2) in which:

VBEotns > Vertars + VeEsatn
There are two approaches to this problem.

(a) Place a low cost silicon diode in series with the base
of VT, and all even number transistors. This is illus-
trated in Fig. 5. The S32 diode is suitable and the
spread of forward voltage drop for a hundred
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samples chosen from five different batches is also
shown.

They were measured at a forward current of ImA.
This is an entirely satisfactory solution except that
it increases the cost of the pair by about 20 per cent.
The cost is still within the limits proposed in the
introduction, i.e. a decade for the price of a trigger
pair.

(b) Alternatively the original simplicity may be main-
tained by taking the risk of using random devices
and expecting to get a possible reject pair for a fore-
seeable percentage of the production. Three devices
have to be at their worst limit at the same time. The
risk is not too severe. It is greatly reduced by the
simple expedient of selecting a lower limit Vogsat
device for VT, position. For a decade a ratio is
required of 1 (for VT,) to 20 (for 10 pairs). This is
easily satisfied by a figure of 0-15V max (see Fig. 3).

-
<@

[ r—- Fall time 1, ———
i : -5V
1 | —— Rise time f, - - ———
15 [
b 50001
) J - — e
§ ! : = S scope
3] 1 ﬂ o
° re LI 2s0n 0c703
x : 'y
g s i -5V — —
= 1
2 | -4 —
3 |
|
|
S - | i I 1
[} 5 10
usec
Fig. 6. Rise and fall times and test circuit

TRANSIENT CONDITIONS

An admitted reduction in maximum repetition rate of
the counter using OC703, to that of the original, is one of
the limitations which must be understood. This is largely
a function of the transistor and the data sheet is of little
help in this respect. Consequently a functional test was
applied to the same group of devices previously tested.

Fig. 5 shows the circuit in which a current of about
10mA is switched by a base current of < ImA. (Spread of
actual values may be calculated with reference to Fig. 3).

t1 = hole storage time

t. = fall time (switching off)

t: = rise time (switching on)

The usual 10 and 90 per cent levels were taken.
The results were displayed on an oscilloscope.

The #’s were all below 2usec and typically 0-7usec.

Under these conditions it is safe to say that 1, < 2-5usec,
t; < 12usec and 13 < 10usec.

The effect of placing a 3 000pF ‘speed up’ capacitor
across R in Fig. 6 was then measured and the times were
reduced to 1 + 2 < 0-55usec and t3 < 0-9usec.

It should not be assumed that switching times of this
value are claimed in this counter. It must be recalled that
this device has an f, quoted as typically 0-5Mc/s and it is
being compared with the SA496 which has a minimum f,
of 7-2Mc/s. These readings are merely an attempt to get
the two arrangements in perspective.

Clearing the Counter and Resetting Zero
The counter is cleared by taking VT: to the ‘off * con-
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ditions for a period long enough for whichever of the
coupling capacitors (C: etc) is to discharge and charge
again. As VT is kept off the next stage cannot come to
its unique condition so the counter relaxes to its cleared
state even when V'T; is allowed to come ‘on’ again. The
desired ‘zero’ is achieved by (for example) earthing the
collector of the odd numbered transistor momentarily. A
simple circuit illustrating these actions is shown in Fig. 7.

The two processes can be combined.

‘Zero' pair
R - - S —
> —i|—>
—

4
[o]
.J. Press to
- o set zero
—— - |
é—vu I.—‘_- S
|
A
I ]-'—&_
VT,
' ) R -
/ 4
Press to clear =
Fig. 7. Clearing and resetting
-~ “Vee
%470(1 4700
2:2kf)
VW4 an 2w A=
’ AN —4
S32 [
SCsco 0C704 \ @
oc70a |
- - | |
— o~ __ ]
~Vee — J_ _
§2-7kﬂ |

0C704
S S

Fig. 8. Lamp driving circuit

Read-Out

This will largely depend on the type of application. If it
is desired merely to indicate its own count this can be done
by either a lamp in the collector of the odd numbered
transistor in each pair or by a separate lamp driver. The
former pre-supposes a low current lamp (liable to cost
more than the rest of the circuit). The second method is
shown in Fig. 8. As a germanium transistor was used as
lamp driver a silicon diode was put in series with its base
to allow the substantially higher Vietsaty of a silicon device
to switch it off.

The values of resistor used in Fig. 8 were in fact used
with OC704. It is doubtful whether they would be satis-
factory when used with all OC703 transistors because they
demand a gain of about 7 at about 12mA even
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without the read-out transistor connected. Furthermore
they exceed the voltage rating of the OC704. The OC701
is clearly a satisfactory solution.

In fact the circuit of Fig. 8§ worked well with V., varied
between —9V down to —2-4V, The lamps were rather dim
in the latter state.

Application

When connected in the form of a ring the arrangement
can be used as a kind of commutator in the same way
as it is used to light lamps in sequence. It helps if the
supply to be commutated has an earthy or at least com-
moned line. The scheme may also be used to shift a com-
bination of ‘on’ and ‘off ’ states along one stage at a
time. The V'T: transistor must be capable of bottoming
well with additional collector current. This is usually
achieved by reducing its base resistor value.

Design Procedure (see Fig. 9)

Two factors tend to dictate choice of component
values. The load or read-out fashion and the requirement
to define the base current fairly accurately in the face of

-25v
-5V * R
] 6-4mA 39 "'15'45V Vv 39
or265mA |[<kn  OF M6 N‘ o
B85
60mA
AAAN

Trigger
source

Fig. 9. Design example

rather a wide spread of base emitter voltage. For this
example a 6V 60mA lamp is a suitable read-out. The
OC308 is a suitable driver and has a gain of greater than
50 at 60mA, i.e. requiring an I, of 1:2mA. The collector of
VT may conceivably reach —0-35V and the Vpguay of
VT3 may reach —1-2V, These infer that the voltage source
for reasonable current definition should be 15V.

For reasons explained a silicon diode is required in series
with the base of the lamp driver. The S$32 diode is suitable
and from Fig. 8 (the maximum ¥, of about 0-7) + (the
Vwe of OC308 of 0:3V) = 1V. The collector of VT, when
‘off " is 15V hence Ry drops 14V. This fixes Ry at 14V/
1-22mA = 11-7kQ, i.e. 12kQ.

The collector load resistor is a compromise between two
considerations.

(1) It is desirable to keep it large so that the current of
the ‘on’ transistor is kept down to the optimum
2mA region.

¢2) It is desirable to keep it small for the reason now
shown: the capacitor C: couples the negative going
step of VT3 collector to the base of V'T:. At first VT,
is open-circuit and so V'Ts cannot conduct. Hence
C: only looks through Rgp; to the collector of VT,
which being ‘on’ is at about OV. Thus to avoid
overloading VT3 collector and endangering the
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switching of the first pair it is desirable to keep the
load resistance of VT3 small.

A compromise is reached by using a Vs of 25V. Thus
with Rp, in parallel with Rgss (the transitory state until
VT: conducts) the ratio of voltage across Ri; to Ru: is
10:14. A degree of symmetry is acquired if the base
current for VT3 is about the same as that for the lamp
driver VT,, i.e. 1'2mA. Hence Ry is set at 10V/2-4mA or
4kQ. If it is set at 3-9k() then according to the ratio just
calculated two base resistors in parallel = (3-9kQ/10) X
14 = 5-5kQ),

Hence Rp: etc. are set at 10k},

Now with VT, ‘on’ its collector current can be 25V/
3:9k() = 6:4mV. The current in Ry has two values, the
transitory one of:

25V — (Vee + V) 25_:(1_'2 + 0-71
( 10k(2. EOkQ ) + 3-9kQ) —. 5k + 3-9kQ2

10kQ + 10kQ
= 23-1/8-9kQ = 2:3mA

Which divides approximately equally between the base
of VT, and via C; through Ras.

Thus the transitory state demands a 8 in VT: of about
(6:4/1-1)mA, i.e. 58. This is reasonable, as has been seen
earlier.

Then with the ‘turn on’ of VT, followed by VTs, the
capacitor C, charges to its steady state value set by the
collector of VT3:
25V — 19V
10kQ + 3-9kQ
all of which flows out of VT base.

The demanded steady state 8 of VT: = 6-4mA/1-66mA
= 3-85 which is easily satisfied.

The collector of V'T; rises to:

—(1-9V + 1-66mA X 10kQ)
= —18-5V.

The trigger transistor has to switch 6-4mA maximum.
It has been seen that it is desirable to have a low Voot
for VTi. Hence as there is no pretence to speed it is
reasonable to bottom it hard. If a 3 of 5 is assumed an
In of 1-28mA is required. Hence an Rs of say:

25V — 12V
128mA = 18-6k(2.

The next step is to choose a value of Ci which is just
sufficient to guarantee to turn off ¥'T1. One approach is to
figure that the current out of VT, base should be diverted
through C; for at least long enough to account for hole
storage time plus fall time of its collector current. 20usec
is sufficient to account for this sum of delays.

Current in Rys = = 23-1/139k£) = 1-66mA

20 X 10-¢
= — = o~ -9
Hence Ci 18 X 10° 1 X 10-°F.
i.e. 1 000pF

The capacitor C; is the final value to decide.
The principle upon which the circuit operates requires
that:
C: Rp; > C1 Rm
C1 Rn
" R
10-%F x 18 X 10°
10t o
C:> 18 X 107°F
Say C: may be 1073F
= 0-01uF.
The input to the trigger differentiating circuit should

Hence C. >
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be a positive current pulse of duration in excess of 20usec
and amplitude greater than 1-3mA.

Clearing the ring and resetting zero has been dealt with
earlier.

The lamps used for the read-out may be supplied either
from a separate 6V line or from the 25V line through
appropriate resistors.

Note (1). It is assumed that with these silicon devices
and operating current levels, the effects of leakage currents
may be neglected.

Note (2). This counter was constructed using random
devices and worked up to 150kc/s with a 6V input pulse.

Conclusions

It has been shown that a silicon ring counter of the type
described! can be constructed at a cost which makes it an
economical proposition. The changes introduced by using
a cheap silicon transistor in place of the very sophisticated
device have been discussed in detail.

Other suitable pnp silicon alloy transistors are the
0C430, OC440 and OC445.

The rapid development in planar transistors has made
a significant impact on their price structure. The follow-
ing npn devices appear to be suitable candidates for this
type of circuit, 2N706, BSYS1, BSY73, 2N2256, 2N2257
and ST-01.
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Solar Cells for Use in Heart Machine

A new safety device for use in Hurt’s cardiac by-pass
apparatus has been evolved by Standard Telephones & Cables
Ltd. This apparatus is used in the Drew method for open
cardiac surgery which involves cooling the patient’s body to
12°C at which temperature the circulation may be arrested for
periods up to one hour without damage to the brain. Circula-
tion must, however, be maintained during the cooling and
warm-up period. This is done by means of two pumps by-
passing the right and left sides of the heart. It is vital that
the blood volume of the patient be constant and that no air
be injected.

The problem was to find a reliable and instant method of
stopping the by-pass pumps in the event of their blood reser-
voirs falling below a safe level. Continued pumping, even for
a few seconds in these circumstances would introduce fatal
air into the patient.

A special solar—cell was devised to stop the pumps auto-
matically. The design had to meet three essential requirements:
(a) The photo-cells which detect the fall in reservoir level had
to be highly sensitive because the transparency of the plastic
containers is not high; the material becomes yellowish after
sterilization and also carries a blood film on the inside surface
during operation.

(b) The cells had to give a high output, sufficient to operate
relays directly so that amplifiers and other potential causes of
failure could be avoided.

(c) The cells themselves had to be of the highest quality and
reliability available.

High output solar cells (STC type PV20) were chosen because
no additional lighting or optical focussing was found necessary
beyond the 30W lamp used to illuminate the machine itself.

The pump is restarted automatically when the rising blood
level in the reservoir again obscures the light to the photo-cell.
A separate switch also permits over-riding manual control of
the pump when required.
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A Self-Tuning SkW Linear Amplifier

By J. Wood*, M.I.R.E., Assoc.l.E.E.

This article describes an automatic tuning r.f. linear amplifier with an output of SkW peak envelope

power (p.e.p.). The amplifier is designed to be driven from a low power driver transmitter providing

an output power of S00W p.e.p. over the frequency range from 2-5 to 25Mc/s. The amplifier incor-

porates a servo system controlled from discriminators which enables the amplifier to be automatically

adjusted to the required frequency in a few seconds—the longest wavechange is 10sec with average
channel changes of Ssec.

(Voir page 577 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 584)

LESS than two decades ago all high power transmitters
were designed to be manually readjusted to a new fre-
quency. The length of time taken to perform this operation
varied from 10min to 1h depending on the complexity of
the work involved in shutting down the transmitter and
performing all the necessary circuit changes, including
removing all the tank inductors and substituting replace-
ments.

Later designs of high power transmitters employed
variable tank inductors, usually driven from chains and
gears manually controlled by the operator. This, and other
improvements made a substantial contribution to the reduc-
tion of the off traffic period by reducing the wavechange
times down to something of the order of 10min maximum.
The introduction of motor driven tank inductors followed
shortly afterwards, mainly with the object of decreasing
the physical effort demanded from the manual operator.

Following on from this came the introduction of multi-
channel transmitters employing positioning mechanisms,
although the use of such mechanisms was usually limited
to power stages delivering less than 1kW for reasons of
the torques demanded by large tuning capacitors and in-
ductors. The number of channels provided rarely exceeded
12, smaller numbers between 4 and 8 being more common.
With such systems wavechanges could be made in times
of the order of 30sec. It must be borne in mind that these
changes were manually operated in the first place to the
desired settings corresponding to one particular frequency
and one particular aerial in order to preset the
mechanisms.

The logical development from the multi-turn mechanisms
selector was the introduction of servo systems employing
servo motors and positioning potentiometers. Such trans-
mitters represented a very great improvement in auto-tuned
transmitters, since the number of channels available was
limited only by the number of positioning potentiometers
or fixed resistors connected to a selector switch. The
tremendous advantage of this type of multi-channel auto-
tuning transmitter over that utilizing multi-turn mechanisms
is that the frequencies of any channel not in use can be
changed without interrupting traffic on the channel in use.

NEw CONCEPT

The S5kW h.f. linear amplifier described here is a
departure from the types of transmitters described in that
it is entirely self-tuning in the strictest sense, being auto-
matically tuned and controlled on the correct aerial load-
ing by three discriminators which operate respectively on
the frequency of the incoming drive signal, the phase
difference between the driving r.f. voltage and the developed
r.f. voltage in the SkW z-network and finally the amplitude
relationships of these voltages.

* Racal Electronics Ltd.
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The chief advantages of this automatic tuning amplifier
over the pre-positioned servo tuned transmitters is a faster
and more accurate tuning up and which is independent of
the aerial impedance within a s.w.r. or 2 to 1. The tank
impedance of the 5kW output is automatically maintained
at the current value for any subsequent changes of aerial
loading.

The tuning and loading time is fast and under certain
circumstances where the frequency change is say 100kc/s
at 7TMc/s is effectively zero time. An average frequency
change takes 3 to 4sec.

Basic R.F. DESIGN

To achieve the high speed tuning facility it is of
primary importance that the number of variable tuning
elements should be as small as possible. Secondly, no switch-
ing of high power tank inductors or capacitors is permis-
sible because this would introduce difficulties at the power
involved as well as significantly increasing the channel
changing time under certain conditions. It was therefore
decided to employ wideband techniques wherever possible.
Vacuum capacitors with a wide range from minimum to
maximum capacitance, used in conjunction with a specially
designed variable tank inductor suitable for high speed
operation provide a convenient solution to the problem
of the tank network design.

To meet the alternative output impedance of 50Q un-
balanced feed and 6002 balanced feed it was decided to
provide the 50Q2 output impedance from the tank network
and then to produce the 600Q2 balanced output by means
of a separate wideband transformer of 50 to 600Q imped-
ance conversion. The advantage of this arrangement is
that the number of variable elements in the 5kW tank net-
work can be reduced to two, though for other reasons it
is preferable to use a =-network arrangement of three
elements.

A further significant problem associated with self-tuning
transmitters is the design of the neutralizing circuits which
must give complete coverage without any necessity for
switching into separate bands. This can be achieved by the
use of low capacitance ceramic valves or by the use of
conventional valves in a grounded grid configuration.

CHOICE OF TRANSMITTING VALVE TYPE

The advantages of employing a grounded grid arrange-
ment are well known'®, The configuration is particularlv
adapted to automatic transmitters operating over the h.f.
range since no neutralizing is necessary and the low input
impedance is well suited to matching into a coaxial cable
via an impedance conversion device. The input impedance
remains sensibly constant throughout the operating cycle
even when grid current is drawn. In fact, the only design
requirement that was in any doubt was the power gain
since, in general, grounded grid stages do not yield large
power gain,
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AUTOMATIC TUNING CONSIDERATIONS

Analysis of a three-element #-network shows that the
magnitude of the dependent variable functions can be
minimized by employing a high ratio of Z; to Z, terminat-
ing impedances (Fig. 1).

This in fact is the case if the output impedance is very
low as in coaxial terminations. Therefore, so far as the
initial automatic tuning or the coarse tuning phase is
concerned it is theoretically possible to electrically gang
together the three tuning elements via their servo systems
and to drive the complete automatic tuning from a pilot
servo loop driven in turn from a coarse tuning dis-
criminator. It will be necessary to arrange the ganging
and tracking of the SkW tank network to the geometrical
mean of the range of aerial impedances likely to be pre-
sented. In this way it is possible to arrange that at any
operating frequency and for any complex aerial impedance
within the limits of the specification the coarse tuning will
always be sufficiently accurate to realize a reasonable

’

3
c % 1 4 6000
e i 2, balanced
3 * terminations
]
'
'

N ¢
1
'
1
+
1 1
. 1

Tuning shafts electrically
ganged via servo systems

50N

\
501 unbalanced/
600N balanced
wideband
transformer

6kV e.h.t.

Fig. 1. 7-network with high ratio terminating impedances

amount of r.f. power output, though it will not be correctly
tuned. The final and perhaps the most difficult task of
ensuring that the 5kW stage is automatically corrected
for the mistuning by measuring the phase-angle of the
tank network is now also theoretically possible, as is
also the problem of ensuring that C., the loading capa-
citor is automatically tuned to suit the aerial impedance.
In general it is C; which determines the phase-angle of
the load impedance presented to the valve and C. which
determines the magnitude of the load impedance. It is
possible therefore to lock the tuning inductor in the
coarse tuned position and to carry out the final tuning
on the capacitors C, and C.. An adjustment to C: will
call for a minor readjustment to C. and vice versa by
their respective servo systems but eventually and in a
short space of time (about 1sec) both servo systems will
have reached a null response and the amplifier will be
correctly tuned.

CAPACITORS AND INDUCTORS

Practical considerations as to the suitability of com-
ponents indicated that the m-network proposed for the
5kW tank circuit should use vacuum variable capacitors
for the terminating impedances and a continuously vari-
able tank inductor for the series arm. All three elements
should have a straight line law for turns against capa-
citance/inductance.

Vacuum variable capacitors are the ideal solution to the
requirement chiefly because of their small bulk coupled
with their high electrical ratings and wide range of
minimum/maximum capacitance.

The tank inductor should be capable of high speed tuning
to give rapid selection of any portion of any turn. To
maintain a reasonable tank circuit efficiency the coupling
between the used and unused turns should not be such
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as to bring the natural unloaded Q value to less than 150.
It may also be necessary to employ some method of law
correction between the tank inductor and the gear box
to yield the correct law since the natural tendency for
any inductance is to follow a square law (of inductance
versus turns). However, the large transmitting inductances
can usually be constructed to follow an approximately
linear law.

Detailed Design
AutomaTic TuNnING (see Fig. 2)

The automatic tuning of the amplifier is achieved through
three separate high speed servo loops employing high
torque d.c. motors and servo amplifiers with positioning
precision potentiometers. These servo motors drive the
m-network elements via suitable reduction gears equipped
with automatic slipping clutches. The three servo loops
can, for purposes of manual tuning be electronically
controlled from a single control on the front panel of
the equipment. In this condition the three tuning elements
are ganged together electrically through the servo position-
ing systems. Two further controls engraved ‘resonance’
and ‘loading’ provide the necessary facility for manually
steering the capacitors to yield the correct loading and
resonance. However, the principle mode of operation is
fully automatic where the positioning servos are self-tuned
by means of three built-in discriminators which operate
respectively on frequency, phase and amplitude.

The sequence of operation is as follows. The first phase
of automatic tuning is the coarse tuning phase which
commences on the receipt of a low level pilot carrier.
This signal is fed into a discriminator connected to a
servo loop which produces a voltage proportional to wave-
length, this operation takes less than Isec. This voltage is
then automatically applied to the three positioning servos
which carry out the coarse tuning. When this is com-
pleted, which takes an average time of dsec, a sensing
relay automatically initiates phase three, in this a phase
discriminator operates from the peak r.f. drive voltage
applied to the cathode and the peak r.f. voltage developed
at the anode of the transmitter valve. The output from this
discriminator is used to operate the servo loop which
drives the resonance capacitor of the tank =-network to
yield exact resonance.

Simultaneously an amplitude discriminator operating
from these same two voltages is used to operate the main
positioning servo loop controlling the loading capacitor
of the m-network to produce the exact degree of aerial
loading. Fine tuning and aerial loading occurs simul-
taneously and sequentially since a change in the setting
of the element will usually call for a corresponding adjust-
ment to the other. The time taken for these operations
is of the order of lIsec. It should be noted that the auto-
matic tuning circuits are always energized to enable the
amplifier to be readjusted slightly from time to time to
compensate for the effect of temperature changes upon
the impedance characteristics of the aerial.

Coarse TuNe UNIT

The coarse tune unit consists of a bridge type RC dis-
criminator, a d.c. servo amplifier and a permanent magnet
d.c. motor. A small r.f. input to the discriminator pro-
duces a d.c. error voltage which, after amplification by the
servo amplifier is used to drive the motor.

When C: (Fig. 3) is rotated so that its capacitive react-
ance is —j680Q) the bridge is balanced in magnitude. The
r.f. voltages across R, and C, are applied to detector circuits
so that the voltages are converted to d.c. before being
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compared. The resistors R, and R: add two voltages but
as the polarity of these voltages is opposite, the difference
voltage will appear between their junction and earth.

This difference voltage is amplified by a d.c. amplifier
and applied to a cathode-follower stage driving a d.c.
permanent magnet motor which is coupled to C; and
rotates so as to reduce the applied error signal.

The angular rotation of C) is thus proportional to wave-
length which is the correct law required for positioning the
5kW =-network. Coupled to C; via a 2:1 step up gear is
a precision potentiometer RV, The angular rotation of
C, is thus converted to electrical information to operate
the servo system.

FINE TUNING

This is shown in Figs 4(a) and (b) which give the elec-
trical circuits for the fine tuning and aerial loading dis-
criminators together with their associated responses.

The minimum lower limit to the accuracy demanded of
the coarse tuning discriminator is dependent on the ability
of the fine tuning discriminator to drive the servo tuning
to the correct point from a position far down on the
resonance of the tank circuit. The design of the fine posi-
tion tuning discriminator is therefore of paramount
importance, since a good design of fine tuning dis-
criminator will ease the design problems of the coarse
tuning systems.

An investigation was carried out on the problem of
developing a fine tuning discriminator which would
operate satisfactorily over the entire range of frequencies
from 25 to 25Mc/s. As a result it was concluded that
the only practical solution was to utilize the phase
relationship existing between the r.f. driving voltage and
the r.f. output voltage at the anode of the valve and to
apply these voltages to a phase discriminator. Obviously
no circuit can be devised to operate over such a frequency
range without introducing some unwanted phase shifts,
and the major problem was therefore to eliminate such
effects while keeping the circuit simple.

Referring to Fig. 4(a) voltage E; is fed into the grid of
a phase-splitter via the screened capacitive divider which
reduces the voltage from 6kV peak to about 12V. The
valve acts as a phase-splitter producing two components
with almost 180° phase difference. The voltage Ex from
the cathode of the valve (being the driving voltage) is
similarly reduced in amplitude to an almost equal voltage
and its phase is simultaneously shifted so that it has a
90° phase difference to either of the two 180° opposed
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which gives the dis-
criminator response as
shown. By careful design
the effects of magnitude

changes in the Ex com-

ponents resulting from

the use of an RC phase-
shift network are re-
duced to an acceptable
amount.

The fall off in signal
amplitude of the dis-
criminator output (Fig.
4(b)) as the phase-angle
error increases from
about 45° is funda-
mental due to the fact that the E, is of a
diminishing nature either side of resonance. The point
from which the servo systems will pull in is determined
by the amount of error signal available to overcome the
static friction. Due to the high gain of the servo system
and the fact that the servo motors develop an ample
margin of torque, the range over which the fine tuning dis-
criminator will operate the tuning capacitor C; is very
wide at the low frequencies. The range over which it will
operate is somewhat less for the frequencies above
15Mc/s due to the higher tank circuit . Even so, at
24Mc/s the discriminator will pull in from 3Mc/s either
side of the resonance.

RY,

]

VX Ref
supply

GEAR
BOX

100-1

AERIAL LOADING

In any transmitter tank network it is essential to main-
tain a close tolerance on the impedance offered to the valve.
This is even more important in linear amplifier design.
This means that to avoid the necessity for constant re-
tuning, the transmitter must be equipped with an auto-
matic self-loading servo which will enable the tank circuit
impedance to be maintained at the optimum value for all
frequencies and for all aerial impedances likely to be
obtained in practise.

A loading discriminator can be obtained from the
sampling of various combinations of r.f. circuit parameters
existing in the grounded grid amplifier. Alternatively if a
constant level tuning signal is available any one of these
circuit parameters may be compared with a fixed d.c. level
to yield a loading discriminator action. For preference,
d.c. voltages rather than r.f. voltages are used so as to
avoid the introduction of further errors associated with
rectifying r.f. voltages over a wide frequency range.

Practical experiments have been made on all of these
methods. Without doubt the simplest form of loading servo
is obtained by comparing the valve cathode current with
any one of the following parameters.

(1) A d.c. reference level.

(2) Ex/Esp

(3) Iy

Of these the d.c. level is the simplest method. It should,

however, be noted that in any of these methods with the
exception of Ex/E, it is essential that the driving voltage
is held to a steady and correct level otherwise incorrect
loading will result,

With the successful development of a screened capacitive
divider for the purposes of reducing the r.f. anode voltage
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(b). Fine tune and aerial loading servo discriminators

for the fine tuning discriminator, the way was opened to
carry out some experiments utilizing the magnitude rela-
tion ship between E, and E for the purpose of producing
the loading discriminator. These experiments showed a
marked superiority of this type of loading discriminator
over the alternative methods. Its principal advantage is its
ability to maintain a constant tank impedance regardless
of the type of signal (e.g. s.s.b., c.w,, ds.b.) or the level
of the signal up to the limiting power level where E,
commences to flatten in waveshape due to overdrive,

Included in the design are two preset potentiometers
for initial adjustment for correct conditions. Thereafter
no further adjustment should be necessary unless it is
desired to change the tank loading to the valve. This
may be desired if the transmitter is to operate permanently
on c.w. since a greater valve efficiency and power output
can thereby be achieved.

TUNING ACCURACY

The overall accuracy of an auto-tuning transmitter may
be impaired by insufficient mechanical /electrical resolu-
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tion. It is therefore essential that the overall resolution of
any one of the servo loops is more than sufficient to realize
the necessary tuning accuracy at the highest frequency
when controlled from the manual positioning potentio-
meters.

In the final analysis when the transmitter is operated
under self-tuning conditions the overall accuracy is
dependent on the design of the fine tuning and aerial
loading discriminators. The criterion of design should be
that the tuning accuracy is never worse than that achieved
by normal manual tuning methods, and for preference
should yield greater accuracy.

PuysicaL Aspect ofF R.F. DEsiGN

The r.f. design is intended to provide the maximum
screening between the input and output circuits. The
grid deck contains the grid components and the input
circuit arrangement, the grid deck itself being earthed to
r.f. through a built-in distributed capacitance plate on to
the grid itself, thus minimizing grid inductance.
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The tank inductor is positioned symmetncally in the
anode compartment to give maximum efficiency. The
tuning capacitor connects directly on to the valve jacket,
thus eliminating any series inductance in this arm. For the
same reason the loading capacitor connects directly on to
the base of the tank inductor. The screened capacitive
divider connects directly to the anode valve jacket. The
anode deck situated some 3in below the grid deck is of
silicon bonded laminated glass material and its purpose is
to seal off this compartment so that all the air is forced
down through the fins of the valve anode.

Protective spark gaps have been fitted across the tank
inductor and the loading capacitor. These spark gaps con-
duct if abnormally high peak voltages are developed
during the automatic tuning sequence, thereby protecting
the components from possible damage. It may be noted
that the spark gaps are located in the path of the air blast
which assists in dispersing the ionized gases and eliminates
the hazards due to this phenomenon.

The tank inductor was developed in conjunction with
the amplifier design to meet the usual requirements, i.e.
high value of natural efficiency (or unloaded Q) freedom
from unwanted electrical spurious resonances, low
mechanical torque and low inertia, the two latter require-
ments being necessitated due to the high speed tuning
requirement. All these requirements were finally achieved
by a somewhat unusual arrangement. A stationary lead-
screw carries an aluminium disk which is rotated on the
leadscrew thread by means of a lower disk located with
3 vertical rods. The aluminium disk, via a ball contact,
selects the desired turn and position on the turn and also
serves to form a screen, thus reducing the magnetic coup-
ling between the used and unused portions of the tank
inductor, the unused portion being always shorted out. The
total travel time from top to bottom of the tank
inductor is Ssec and any part of the tank inductor
can be selected with a positioning error of less than }in
over the entire length, which is approximately 30ft, thus
yielding a resolution of about 0-1 per cent.

Future Trends

The TA.84 5kW h.f. linear amplifier was developed in
1956 and went into service in 1958 being at that time one
of the first of the new generation of h.f. linear amplifiers
designed on self-tuning principles and incorporating auto-
matic aerial loading servo’s.

It is considered that the automatic tuning techniques
employed in the TA.84 are sufficiently advanced as not to
warrant any significant design changes in the foreseeable
future. Some significant improvements in valve design have
taken place since the TA.84 was developed, notably the
advent of the Eimac range of high power ceramic tetrodes
intended specifically for s.s.b. operation. This type of valve
will inevitably replace the grounded grid valve in future
designs of h.f. transmitters.

Silicon high voltage rectifiers offer some possibility of a
space reduction and also in heat dissipation, the existing
xenon rectifiers in the e.h.t. supply have a total filament
consumption of 180W. Similarly it is highly likely that
the bulk of the servo system including the power supplies
will be changed to using solid state components.

On the question of power output there is a tendency for
planning authorities to consider 10kW as being an opti-
mum compromise between the desired power for a long
range circuit against the steeply rising costs of higher
powered transmitters. It is considered therefore that the
5kW power output may have to be up rated to 10kW.
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Finally with regard to the frequency range and the out-
put power. There are indications that more and more users
will follow the military trend in requiring transmitters
which are capable of covering from the m.f. band of
1-5Mc/s up to 30Mc/s with continuous tuning. This is
considered to be a practical requirement.
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An Image Intensifier for Nuclear Research

Mullard Research Laboratories in conjunction with the
Atomic Energy Research Establishment have developed a
high-sensitivity image intensifier tube for use in experiments
involving sub-atomic particles. The Authority has placed a
contract with Mullard Ltd to supply six of these tubes, which
are being made at the company's Mitcham factory.

In many experiments involving sub-atomic particles it is
necessary to photograph one event of special interest among
a million or so others which occur within a particular period.
For example, it may be necessary to record the light track of
a single particle involved in a collision process, or to determine
the energy of the particle by means of the Cerenkov radiation
it causes.

The amount of light produced by a single particle is
extremely small. In the example quoted. the light produced
would barely affect one grain of the emulsion on a photo-
graphic plate. Therefore, if useful photographs are to be
obtained, the light must be intensified without its pattern being
distorted. This can be done by means of image intensifier tubes
incorporating photo-emitters which have a much h<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>