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HLRCONQ tNSTl

MADE N ENGLAND

NEW MARCONI HF SIGNAL GENERATOR TF 2002AS

Marconi Instruments TF 2002AS8 is a fully solid-state
quality signal generator. It retains all the advantages which
made its predecessor, TF 2002, a leader in its class for so long
and has the five additional features described below.

These — together with facilities such as a built-in variable
frequency a.f. oscillator, four-range erystal calibrator with its
own loudspeaker, and r.f. output down to 10 kHz with 0 to
1009, a.m. — add up to an extremely powerful combination

.and, incidentally, make TF 2002AS unique.

SPECIAL FEATURES

Frequency Modulation

In addition to the normal a.m. the TF 2002AS has fully monitored,
internal and external frequency modulation facilities.

Extended External Frequency Shitt

A control signal 4 1 volt d.c. gives 4 1.5 kHz shift at 100 kHz rising
to + 50 kHz at 10 MHz or above.

Directly Calibrated Incremental Frequency

The incremental frequency control 1s directly calibrated at all
carrier frequency settings. with the facility for standardising
ngainst the eryvstal calibrator for maximum accuracy.

Symmetrical Levelling

The external carrier level control facility gives £ 1009, variation
for 4+ 6 volts d.c. control voltage.

Separate Modulation On/Off Switch

The internal variable frequency a.f. oscillator can be switched off
without disturbing its frequency range setting.

Frequency range: 10 kHz to 72 MHz

Output Level: 0.1pV to 2 volts e.m.f.

AN 0 to 100°%,, 20 Hz to 20 kHz.
F.M.: 1.5 kHz deviation at 100 kHz,

50 kHz deviation above 10 MHz.
Price: £1,050.

Full environmental specification. Adopted for military use.
Please write for full technical details.

MARCONI INSTRUMENTS LTD

A GEC-Marconi Electronics Company
Longacres, St. Albans, Hertfordshire, England.
Tel : St. Albans 59292. Telex: 23350
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The 1.C. Industry—who will pick up the bits?

When Dr. F. E. Jones, managing director of Mullard Ltd, Britain’s largest manufacturer of
integrated circuits, admits that his company is losing £IM per year on i.c. production and
says that he “cannot see his way through the dense undergrowth of the i.c. world” it is time
for us all to sit up and take notice. In particular the Government should heed his words for
if it does not Britain’s integrated circuit industry will be doomed.

The problem is simply one of price. Take for example one of the simple integrated circuits,
the t.tl, quad, two-input gate. This device requires 28 separate manufacturing processes
and consists of a chip of silicon about 1.Smm square containing 24 components, four of which
are transistors. At the beginning of 1969 the selling price of this device was 15s 6d, by the
end of the year it had fallen to 5s 6d but, at the present time, it must be marketed at between
1s 2d and ls 8d—which is well below manufacturing costs—in order to compete with
American concerns.

How can the Americans sell at this price in the U.K. when Dr. Jones has said that he cannot
see any way to produce the circuit for this sort of money now, or in one year’s time or even
five years’ time no matter what production methods are used?

The Americans, of course, have a huge home market, most of which is a closed shop to out-
siders because of the “Buy American Act”. During 1969 this market absorbed 413.4M
integrated circuits, of which about 342M were digital. In the same period the U.K. produced
only 12M integrated circuits. Also the Americans have a huge investment in the Far East
where they employ 20,000 to 30,000 workers. It would appear that the silicon chips are made
in America and sent by air to the Far East where they are assembled into packages by workers
paid about 8d per hour.

If the finished products are taken back to the U.S. for distribution, tax is paid only on the
added value. But what is the difference in value between a processed silicon chip and the same
chip in a package? Because of the difficulty in assessing this added value the amount paid in
tax could be negligible. When asked if the UK. could not mount such an “offshore” opera-
tion to their advantage Dr. Jones said that the cost savings produced in this way would be
nullified by our own import duty which is based on the selling price and not the added value.
Even taking into account the obvious advantages the Americans have Dr. Jones said that
he still could not see how they achieved such a low price.

It is obvious that either the Americans are selling off their surplus production in this country
or they are making a deliberate attempt to undermine our own integrated circuit industry.
The thought is frightening when one considers all the industries which employ integrated
circuits and would therefore have to rely entirely on American sources of supply.

Before the Americans can be accused of dumping it has to be proved that they are selling
components at a price which is lower than in the country of origin. But what is the country
of origin when the various processes are carried out in different parts of the world?

If British-component manufacturers wish to export to America they have to prove to the
American excise authority, before the goods are shipped, that the price takes into account
shipping costs and is not less than the price in this country. British manufacturers have
no such protection where American goods are concerned. They cannot go on sustaining such
huge losses and prompt action is needed from the Government in the form of import controls
if the integrated circuit industry is to survive.

In view of the gravity of this threat to the U.K. semiconductor industry, and indeed the
whole of the electronics industry, it is surprising that no reference is made to the prevailing
situation in the latest “statistical survey” of the industry issued by the Electronics “Little
Neddy” on the day Dr. Jones made his announcement.
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Phase-locked Stereo Decoder

Improved channel separation and low distortion obtained
using an inductorless circuit

by R. T. Portus*, Am.1EE. and A. J. Haywood*, Am.LE.E.

During a stereo broadcast the f.m. carrier
transmitted by the B.B.C. is composed of
three parts, as shown in Fig. 1. The com-
ponents are:

1. Left plus right (L +R) forming the com-
patible mono signal containing frequencies
up to 15 kHz.

2. Left minus right (L —R) which amplitude
modulates a 38 kHz carrier. (The carrier is
suppressed to better than 1% in order to
make full use of the maximum deviation
available at the transmitter.)

3.A low level “pilot tone” at half the
carrier frequency, i.e. at 19 kHz, whose zero
crossing points are coincident with those of
alternate cycles of the 38 kHz suppressed
subcarrier. This tone is used as a reference
to regenerate the suppressed subcarrier at
the receiver.

Stereo decoders

There are many forms of decoders,’ the
most popular being the switching type
where the 19 kHz pilot tone is filtered by a
tuned circuit, frequency doubled (to 38 kHz)
and used to switch the complex signal—as
shown in Fig. 2. Appendix III explains why
complete channel separation is notachieved
by such simple switching.

Limitations of tuned-circuit decoders

Poor separation results if the derived
38 kHz switching signal is modulated by
any extraneous signal. This means that all
the stereo information has to be removed
by the tuned circuit. Also, if the output from
the 19 kHz tuned amplifier contains any
frequencies which pass through subhar-
monics of 38 kHz, the frequency multipli-
cation stage will produce a modulation of
the recovered 38 kHz. This in turn will
produce sum and difference frequencies
(“birdies”) when switching the incoming

*Rolls-Royce Ltd.
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Fig. 1. Frequency spectrum of a stereo
multiplex signal.

19kHz el 38kHz
R tuned amplifier — EHAIAEET tuned amplifier
Multiplex 1 or 2 stages DENOLR
signal in

Fig. 2. Block diagram of switching stereo decoder.

complex signal. From the above considera-
tions it may be seen that a high-Q tuned
circuit is required. On the other hand, if the
Q is made very large the phase of the
recovered subcarrier becomes extremely
drift sensitive. Any change in phase will
reduce the separation. The effect of uncom-
pensated phase error on separation is as
follows.

Phase error

Separation
at 19 kHz (deg.) (dB)

1 825

21 545

5 42
10 30
15 23

Fig. 3 shows the change for small changes
in tuned circuit L or C with various values

of Q.

Phase-locked decoder

Because of the shortcomings of tuned
decoders the authors decided to use a phase
locked loop to regenerate the 38 kHz
suppressed subcarrier. A phase-locked loop
is used to lock a locally generated signal in
phase with an input signal whose frequency
is liable to vary. Such a system may be
given a very narrow bandwidth so that
noise components of the input signal will
not affect the loop operation.

If a locally generated 38 kHz signal is
binary divided the remaining 19 kHz may
be phase locked to the “pilot tone”. This
means that alternate zero crossings of the
38 kHz signal are coincident with those of
the 19 kHz pilot tone. The locally generated
38 kHz signal is therefore in phase with the
suppressed subcarrier.

The performance of such a system may be
made superior to that of decoders using
tuned circuits for the following reasons:

1. A phase-locked oscillator is a closed-loop

L
- . . >
Matrix
Demodulator and
> de-emphasis »
R
Phase shift
in degrees Q = 500
501 Q =100
40t
3071
2071 Q = 50
101
40  -06-04 02 04 06 08 10
=10 % change
inLorC
1--20
-30
T-40
T-50

Fig. 3. Phase changes due to variation of
L or C in a parallel tuned circuit.

system and so changes in component values,
due to ageing, temperature etc., are cor-
rected. Other systems have no comparison
between input and output, and so errors
may only be reduced by careful matching,
the use of high quality components and
accurate setting up.

2. The generation of “birdies” is very much
reduced because the loop is given a low
bandwidth, ensuring that phase modulation
of the 38 kHz switching signal can only
occur at low frequencies.

3. The setting up of a phase-locked loop is a
simple matter, a d.c. voltmeter being the
only instrument used. For other decoders
an oscilloscope is usually required.

Performance of phase-locked decoder

The decoder (British patent application
No. 35600/69) was tested using a Radio-
meter stereo signal generator, and the
following specification obtained.
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Frequency Separation
80 Hz 28 dB
1 kHz 45 dB
10 kHz 40 dB

In a decoder fitted with a variable matrix
the separation was 56 dB at 1 kHz.

Distortion at 1 kHz and with full modu-
lation is 0:3% (predominantly 2nd har-
monic), and the distortion introduced by
crosstalk at 1kHz is 67 dB down at full
modulation. The mono and stereo gains are
within 1 dB of each other. Cancellation is
45 dB. The input voltage range is 130 mV
r.m.s. to 1-:3 V r.m.s., and the output voltage
250 mV r.m.s.

The separation at 80 Hz could be im-
proved by using matched components in the
p.s.d. stage, but directional information is
negligible at this frequency so that com-
ponent matching is hardly worthwhile.

Operation of a phase-locked loop

The phase-locked loop (Fig. 4) can be looked
upon as a servo-amplifier in which the
19 kHz pilot tone is used as an input
reference phase, and the servo loop used to
control a local oscillator in a fixed phase
relationship. If there is a fixed phase
between two signals then they must be at
the same frequency. A phase-locked sub-
carrier may be regenerated by deriving the
19 kHz from 38 kHz by use of a binary
divider. Alternate zero crossings of the
38 kHz signal are therefore held locked to
the incoming 19 kHz.

The operation of the loop is as follows.
The balanced phase sensitive detector (p.s.d.)
produces a d.c. output proportional to the
difference in phase between the input fre-
quency ( f;,) and a locally derived frequency
(f,), plus higher frequency components
produced by the chopping of the input
signal. For a balanced p.s.d. the lowest
frequency present is that produced by the
highest audio frequency (15kHz) beating
with the 19kHz chopping signal. The
difference signalis 4 kHz(19 kHz— 15 kHz).
This error signal is then amplified and low
pass filtered by the error amplifier. The
filtering removes the high frequency signals
produced by the balanced modulator. The
error amplifier output is used to control a
voltage controlled oscillator (v.c.0.).

If the p.s.d. is not perfectly balanced small
low-frequency audio signals will be present
at the p.s.d. output. If the frequency of these
signals approaches the loop bandwidth they
will not be completely filtered out by the
error amplifier. The resulting “‘ripple” on
the error amplifier output will cause “jitter”
on the v.c.o. output (i.e. phase modulation).

Loop operation is such that a change in
phase between (f;, and f, (e.g. due to drift)

Error
amplifier
+| Pnase- Voltage
5 L}
sensitive controlled
fin detector amplitier
fnput -
reference
frequency
fo

Fig. 4. Block diagram of phase-locked loop.
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Binary dividers
From I Balanced 76kHz| .
tuner l/ p.s.d. | v-co 2 +2
Preamplifier Differential
error
amplifier 38kHz 19kHz
L Matrix
and Decode
R de-emphasis
3

Allow decoding

/] In-phase

| detector

Amplitier

& filter

Fig. 5. Complete stereo decoder system built round the phase-locked loop.

causes the output of the p.s.d. to drive the
v.c.0. in such a direction as to hold the phase
of f,, locked to that of f,.

The system behaves as a servo-loop witha
bandwidth determined by the time constant
of the filter in the error amplifier.

When deciding on loop bandwidth two
points have to be considered. These are
“jitter” on the v.c.0. and the time required
to pull into lock. The first point is important
because phase jitter will reduce channel
separation. Jitter is minimized by having a
low loop bandwidth.

On the other hand if loop bandwidth is
made too small the loop will take a long
time to pull into lock.

A compromise must therefore be made
and a bandwidth of 25 Hz was found to be
adequate.

Theory and design equations for the loop
are given in appendices I and II.

Practical decoder system

In Fig. 5 the pre-amplifier acts as a buffer on
the tuner output. Its gain is made variable so
that a fixed level of pilot tone is presented to
the loop independent of the tuner output
level.

The phase detector is balanced, and the
error amplifier is made differential in order
to maintain balance. The output from the
error amplifier constitutes the control vol-
tage of the voltage controlled oscillator
{(v.c.0) which is free running at approxi-
mately 76 kHz.

By the use of binary dividers square-wave
outputs are obtained at 38 kHzand 19 kHz.
The former output drives the decoding
transistors and the latter the loop p.s.d.
transistors. The decoder outputs are mat-
rixed and de-emphasized to provide the left
and right channel outputs.

On acquiring lock an output is obtained
from the in-phase detector. This output is
amplified and filtered, and used to allow
decoding to begin, and to drive a stereo
indicator lamp, if required.

Circuit description

The complete decoder circuitry is shown in
Fig. 6. Tr, and Tr, comprise a pre-amplifier
whose output level is adjusted by RV; to set
the p.s.d. gain constant. The p.s.d. consists

of R, R,, Try and Try, and these transistors
are used in the inverted mode to minimize
offset voltage. Since the bases of Tr; and
Tr, arc driven alternately at 19 kHz the
p.s.d. and differential error amplifier IC,
form a double-sideband suppressed-carrier
modulator, the output of which is modified
by the error amplifier response.

Audio signals close to the loop bandwidth
are attenuated by C;. The phase shift due to
C, (104°) is corrected for in the matrix
which is fully described in a later section.

The error amplifier IC, type UGE7709393
or similar, is a low cost differential inte-
integrated operational amplifier. This is
chosen for its high gain and low input
offset voltage. At +6 V supply the typical
open loop gain is 72 dB.

C, and C, provide an additional h.f. roll-
off beyond the loop unity gain frequency so
that loop stability is not affected.

The amplifier response is tailored to give
an overall loop bandwidth of 25 Hz with an
error response damping factor of 0-707. The
d.c. gain is chosen from a consideration of
the static error due to v.c.o. drift. The error
is <1°at 19 kHz.

RV, provides an adjustment for input
offset voltage, which would otherwise appear
asaphase error. The low input offset voltage
temperature drift of C, ensures good phase
stability.

The v.c.o. (Tr, and Tr,) is a conventional
astable multivibrator with the timing vol-
tage of the bases controlled by IC;. It is
arranged to free run at approximately
76 kHz RV, provides a fine frequency con-
trol by adjustment of the mark/space ratio.

R,s and D ensure that the v.c.o: will not
operate above 80 kHz, by clamping the
error amplifier input to approximately
+06V. .

The 76 kHz signal is then applied to IC,
which is a dual D-type SN7474 or similar
binary divider. IC, will then provide a
38 kHz and a 19 kHz switching signal with
a 1 :1 mark/space ratio. The 19 kHz signal
is applied to the loop p.s.d. transistors Tr;
and Tr,, thus closing the loop. The 38 kHz
signal is applied to the decoding transistors
Try, and Try,.

The bases of all the switching transistors
are pulled negative to remove stored charge
and to hold the transistors off in the
presence of audio signals.

MU R AL LB s el | 4
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R3g
56k
AV

22 X
Rao
RV3 82k

220

Raz Y

Fig. 6. Circuit diagram of decoder.
Integrated circuits IC, and 1C; are type
UGE770 9393 or equivalent, and IC, type
SN7474N or equivalent. Transistors can be
BC108 or equivalent for n-p-n types, and
ZTX500 or equivalent for p-n-p. Diodes
are 1544 or equivalent. Resistors can be
W 5% tolerance unless specified otherwise.

The action of D,, D, is to speed up lock-in
at switch-on for outputs greater than
106 V. The diodes shunt current away
from C,, and effectively increase loop
bandwidth. Between +0-6 V the diodes have
no effect.

In-phase detector. Transistor Tr,, is driven
by both binary dividers so that it is off for
zcycle only of the 19 kHz Thus a pulsed d.c.
component is produced when the loop is
locked. This signal is filtered and amplified
by IC; and used for the following purposes:
1. To turn on a stereo indicator lamp, if
required.

2. To allow decoding to begin in Tr,, and
Try,. If the decoder is allowed to switch
during mono transmission, supersonic noise
around 38 kHz will be heterodyned into the
audio bandwidth causing a deterioration in
s/n ratio. Also from some transmitters a
23 kHz low-level tone is present during
mono transmission. This tone would pro-
duce a “beat” at 15 kHz in a free running
decoder. For this reason the v.c.o. is not

Fig. 7. Oscillograms of typical waveforms
generated by the locked-loop.

6
> + 6V, 40mA lamp éR‘;s
1 c Ras or 2200 resistor 18k
7 2470 !
200p ‘
C
a4 | DECODE & MATRIX
disc Tres | (with de-emphasis)
=

Upper: pilot tone+ 150 Hz (A = B).
Lower : emitter of Tr,.

Matrixing of 15 kHz signal (A = B).
No de-emphasis. Pilot omitted.

Matrixing of 1'5 kHz signal (A ='B).
No de-emphasis. Pilot tone omitted. .

Upper: 19 kHz binary output.
Lower : 38 kHz binary output.

Upper: Tr,, base drive.

Lower: Try, emitter. As above with 19 kHz pilot tone included.
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allowed to operate above 80 kHz, ie. the
binary output cannot exceed 20 kHz.

3. To ensure that the Lh. and r.h. channels do
not reverse in the presence of noise etc. If the
loop initially locks in the wrong direction
ie. Lh. and r.h. channels are reversed, a
positive output will be produced by the
in-phase detector, Tro will be turned on thus
clearing the binaries, and reversing L.h. and
r.h. This will also be the case if a line tran-
sient flips one binary only. In the writers’
experience the loop has never locked in the
wrong direction. Typical waveforms of the
loop in operation are given in Fig. 7.

4. To keep the mono and stereo gains
approximately constant via Trs.

Matrix. Once the signal has been decoded
by Try, and Try, it is matrixed and de-
emphasized via Try, and Tr;s. Matrixing is
necessary in any switching decoder as may
be seen from the theory given in appendix
I11.

Power supply. The circuit of Fig. 6 is shown
for a supply of +6 V. Fig. 8(a) shows a
suitable low cost regulator using a miniature
mains transformer.

Single supply operation is accomplished
froman unregulated (15 V minimum) supply
by altering the “earth” rail from the 0 V to
the — 6 V line as shown in Fig. 8(b).

In this case there are two minor circuit
alterations: capacitor C, is reversed; and
resistors Rs, and Rsg are returned to the
former —6 V rail ie. instead of the former
0 V rail. The signal “earth” line becomes, of
course, the former —6 V line.

Setting up procedure

The decoder is set up using a d.c. voltmeter.
The stages are as follows:

1. With no input signal adjust RV, and RV;
for 0 V at test points TP, and TP, respec-
tively. :

2. Apply a stereo signal and adjust RV; until
a negative voltage 15V appear at TP,
(Adjust RV, if necessary).

3. Adjust RV, to bring TP, back to zero.

4. Adjust RV, to bring TP, to —1-5V.

Operation

Several decoders have been built and tested
by the authors, using both single and dual
supply operation.

Over the last year they have proved to be

Belclere
Type ES4148

2N1507

1000 ps7068
16V
240V ;

1ev.[ o

LA
15940 BFX88

(a)

. L b— OV
1,ooo;i e l100,u
'l' 10V

-6V

e 4 AL e
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Decoder components mounted on a printed circuit board approximately 100 mmx 125 mm.

reliable and have required no adjustment
beyond the initial setting up procedure.

The high inherent separation, in parti-
cular at high frequencies, produces a marked
improvement in performance over that
obtained with more conventional decoders.

Notes

This decoder design arose from work done
on a phase-locked loop frequency multiplier
made to improve the resolution of an engine
tachometer.

The authors are grateful to J. W. Hill and
D. L. Lynas for the use of equipment and for
helpful criticism, and thank Rolls-Royce
Ltd for permission to publish.

A kit of parts including a printed cir-
cuit board is available, mail order only
from Integrex Ltd, P.O. Box 45, Derby,
DE1 1TW. The price is £8 19s 6d plus 2s 6d
for carriage and packing. This printed circuit
board is adapted to single or dual
supply options. The size of the board is
100 mm x 125 mm (approx.) and it may be
seen from the photograph that a high pack-
ing density has been achieved. To simplify
assembly, component positions have been
marked and the track is roller tinned. A
power supply kit is also available.
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Fig. 8. Decoder power supply arrangements. (a) Stablized supply for +6 V. (b) Supply obtuined

from an unregulated 15 V (or greater) d.c. source.
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Appendix I
Loop Theory
The constants used are defined as follows:

K, = phase detector gain constant in
volts/radian.

K, = v.c.o.gain constant in radians/s/V
(=2x Hz/V).

G(s) = error amplifier transfer function

0., = input reference phase angle.

0, = locally generated phase angle

§, = phase angle error (=0,,—0,).

The loop block diagram is redrawn below.

6o

The integration term (1/s) is introduced
by the conversion of the frequency of the
v.c.0. to its phase.

By inspection of the diagram

0, K,K,G(s)1/s K,K,G(s)

—_— s T —_—
0, 1+ K,KGG) s s+KKG(s) M

The error amplifier has a response that
can be shown to be

A(1+sT,
G(s) = e 2)
1+s(T1+T3)
where
R
A= T, = CR;; T, =CR;
R;
Substituting (2) in (1) we get
0, _ [KKiA/T + T)](1+T5) 3)
0;n 2+sK0K,,AT2 K K A
s
T+, T+T,

Where it is assumed K, K AT, > 1.
This is of the form
0, 2usto,’

0, s*+2qw,s+w,’

where using servo terminology w, = natural
(undamped) frequency of the loop and
n = loop damping factor.
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Th K KA\ (@)
w, =
us H Tl T Tz
T, (KK AN T,
n=-— = -, (5)
2\T,+T, 2

Static phase errors

Since the phase loop contains an integrator
term then the steady state phase error will
be reduced to zero if the v.c.o. free-running
frequency is the same as that of the input
frequency.

The response of the loop to a disturbance
causing drift in the v.c.o. free running
frequency can be obtained from the figure
below.

where
®,.,. = free running v.c.o. frequency
w, = disturbance (or drift) frequency.
It can be seen that
Ooco. __ 1/5.K,K4G(s)
, 14+1/s. K, KG(s)
By referring w, ., back to an equivalent 6,
we get
0, i/s _ 1 .
o, 1+1/sK,.K,;.G(s) s+K,K,G(s)
For a step input of w, = Aw, then

Aw, 1
= S REKGw | ©

Applying the final value theorem we get

(6)

7)

0

€

Aw,
K,K,A

(since G(0) = 4) (9)

This phase error is required in order to
pull the v.c.o. away from its free-running
frequency. By making K, K;4 sufficiently
large the phase error can be made as small
as required.

For those who wish to pursue phase-
locked loop theory a very good account is
given in “Phaselock Technique™ by Floyd
M. Gardner, published by John Wiley and
Sons Inc.

steady state phase error =

Appendix I1
Loop equation constants

P.S.D. gain constant. For a phase error 7,
when the loop is locked the mean output
voltage from the phase detector, V,, is
given by:

. 3% 4y
Vo=l T Gnode

LANE S

where V, sin 6§ is the input signal.

Thus |V,| ~ 2 x V,, x y where y is small.
n

Thus, if we choose an input signal of 200 mV

peak to peak amplitude:
K, = 637 mV/radian
or K, = 637x 1073 V/radian

Steady state error. From equation (9) it may
be seen that the steady state error is given by :

Aw,
K.K,A

where Aw, is the frequency difference of
the free running v.c.o. and the pilot
signal, K is the phase detector gain
constant and K, is the v.c.o. gain
constant.

Error =

K; = 637x1072 V/rad and
= 12 x 10% x 2n rad/s/V (measured)

A
I

For the v.c.0., the frequency drift is approx.
0-075%/°C. It follows that for a steady state
error of 1° over 20°C temperature change.

A =214

From equation (4)

KR T~ 416
w, = Tl + 7—~2 1+ 2 = s
From equation (5)
Tan
n= . T, =9ms
2
Appendix III

Matrixing in switching decoders

In an fm. stereo broadcast the instan-
taneous deviation of the transmitter is given
as:

f=09 [%(A+B)+%(A—B)sin wgt
+01sin 2
-1 sin —
)
wherew—s = 38kHz
2n

The pilot tone is 0-1 sin%t.

In a switching decoder the input signal is
treated as if it were time division multi-
plexed. The signal is multiplied by a square
wave:

1,2 . 2 .
= <§+Esmwst+§smwst+...>

Suppose there is phase error ¢ existing
between the 38 kHz carrier used for modu-
lation and the local 38 kHz decoding signal.

The output signal will be proportional
to V| where:

Vi = [(A+B)+(A—B)sin ]
1 2.
|:§+; Sin (CUS[+¢)
2 . \
+—-sm(3wst+¢>)+-~-:|
3n

.y
(neglectmg sin > t)
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1+1 os¢ |JA+ P! B
= -_— —_ S —_——
2 nc ¢ 2 ncos¢>

plus modulation
around w,, 3w, etc, which is of the form:
V, o (A+AB)
where A is dependent on the phase shift ¢.

If the decoding signal is shifted by 180°,
the output signal may be shown to be pro-
portional to ¥, where: V, oc (B+AA).

The purpose of matrixing is to subtract
AV, from V; and vice-versa.

ie. V,—AV, «« A+AB—AB—AAA
o« A—AAA

It may be seen that signals from channel
A only are present in one output and from
channel B in the other.

Thus, if the phase shift ¢ is known, and
hence A, complete separation of an ideal
broadcast is achieved.

Announcements

A lecture on the British Trans-Aretic
Expedition 1968 /69 will be given by Sqn. Ldr.
F. W. Church, D. J. Collins and R. G. Shears
at a meeting of the R.S.G.B. at 18.30 on 28th
September at the I.E.E., Savoy Place, London
w.C.2.

A post-graduate evening course of sitteen
meetings entitled “Integrated Circuit Electron-
iecs” will be held at North East London
Polytechnic, Romford Road, London E.15.
beginning 22nd October. Fee £4.

“Single Standard Colour Television Receivers”
is the title of a 6-week course of evening
lectures to be held at Norwood Technical
College, Knight’s Hill, London S.E.27,
commencing 20th October. Fee £1.

Basic Electronics is the subject of two
ten-evening courses comprising lectures and
practical work to be held at Twickenham
College of Technology, commencing 15th
October and 21st January. Further details from
The Principal, Twickenham College of
Technology, Egerton Road, Twickenham,
Middx. Fee 5gn per course.

A course in Modern Sound Studio Techniques
is to be held through the winter at the Northern
Polytechnic, Holloway Road, London N.7.
Sessions will be on Thursday evenings
beginning 29th October. The fee for the fifteen
sessions is 6gn.

The scope of the annual Manchester exhibition
of measuring equipment is to be extended next
year to include professional-grade products in
three main groups: electronic equipment,
electronic components and apparatus for
industrial measurement and control. The show
will be held at the City Hall, Deansgate, from
5th to 8th October, 1971. Organizers:
Industrial Exhibitions Ltd, 9 Argyll Street.
London W1V 2HA.

Following the acquisition of Painton & Co., of
Northampton, by the Plessey Co., the Resistor
and Connector Divisions of Plessey have
combined with Painton in whose name the
business will in future be conducted with R. W.
Addie continuing as managing director.
Painton now have four operating divisions,
three commercial-—connectors, resistors and
exports—and one production.
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Television Wobbulator

2. Circuit Details

by W. T. Cocking, F.IE.E.

In last month’s article the general prin-
ciples of a wobbulator specially designed for
the alignment of television if. amplifiers
were discussed. The complete circuit dia-
gram of the instrument is shown in Figs. 1
and 2. The heart of it is the section labelled
“Wobbly Oscillator” with the transistor
Tr,. This is an h.f. type operating as a
Colpitt’s oscillator.

The inductor is L, connected between
the collector and the earth line, which is the
positive of the 17-V power supply. The base
is earthed for r.f. through the 1-nF capacitor
C, and the capacitors C, and Cj, of 6.8pF
and 82pF respectively, are between collector
and base with the emitter joined to their

Wobbly
AAC

azva\a/cwz

osciliator

junction. These two form the split capaci-
tance of a Colpitt’s oscillator. The tuning
capacitance proper comprises D, in series
with C,, D, being the varactor diode the
capacitance of which is varied by a 50-Hz
voltage applied through R,. The purpose
of C, is merely to prevent L, from shorting
D, at 50Hz.

The emitter resistor R, completes the
d.c. path of 7r, but allows the emitter to be
free at radio frequency. It is effectively in
shunt with the base-emitter path of the
transistor. The other resistor R, and the
zener diode Z, give a stabilized supply of
some 12V for the oscillator.

Wound in bifilar fashion with L, is L,
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which feeds the diode D, with load R,
returned to a potential divider R,, R, across
the 17-V supply. The diode load capaci-
tance is C, with a filter R,, C,;. The
rectified output of the diode is positive-going
and is applied in series with the small bias
voltage from the potential divider to the base
of Tr, which acts as a d.c. amplifier with
emitter resistance Ry. Its collector is joined
to the base of 7r, and fed through R;.
In Fig. 1, this stage is labelled a.a.c, for
automatic amplitude control, and it forms
a kind of a.g.c. system whose purpose is
to minimize variations of the amplitude of
oscillation of Tr, as its frequency is varied.

If, for any reason,the amplitude increases

Output to
i.f.amplitier

3
BZY94/C33

MID-BAND
FREQUENCY

Za

Wave
shaper

LCn

1 i- mn
IR&
470

N
14
Ur‘\‘_ — -

Marker oscillator

-7V

MARKER
AMPLITUDE

)

7V,50Hz

Rse
Rs3 ¢Rs4, 10K

!
< hgla 1k $56K
£ Cig|C1g Coo (C23 |Ca
Le! e 1in | 10p 330p | tn |330p
d
Input from w
sig.gen. - L2 . —
D4 Rss Co2
AAT9 Tk tn
Caa
330p Output
:’7“ to c.ro.
e Y-amplifier
3 Rs7 4
4-3V E 68k
-7V v ’\}— L,
Buffer Marker mixer [nput trom Output to 7
).t.amplifier c.ro. X-amplitier

Fig. 1. Complete circuit diagram of the wobbulator, apart from the power supply. Tr, generates a signal varying in frequency between
30.5MHz and 42.5MHz which is fed to the amplifier under test through the attenuator controlled by S,. Try is the wave shaper which
enables a linear relation between frequency and displacement on the c.r.o. to be obtained.

11 9 - ”
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the rectified output of D, increases and T,
passes more current. Consequently the
voltage drop across R, increases and the
base-emitter voltage of Tr, is reduced and
this reduces the amplitude of oscillation.
The net result is to reduce the magnitude of
any changes in the amplitude of oscillation.

The output of the oscillator is taken from
the single-turn coil L; coupled to L, and
connected to the r.f. attenuator. This com-
prises a ladder network of resistors with a
single-pole 6-way switch S,. When ter-
minated at the output socket by 75%2 this
network has a constant impedance of
37.5Q at the switch arm for any position
of the switch and, because of R, ;, a constant
impedance of 758 is presented to the
coupling coil L;. The actual impedance is
slightly different because R,4 actually has
the standard value of 39£2. Further, resistor
tolerances in the network affect the impe-
dance relations slightly.

Viewed from the output socket the
impedance varies with the switch position,
but the variation is appreciable only between
the full output and the next-to-full output
positions. This is inevitable with a simple
ladder attenuator. The attenuator is intended
merely to adjust the output to the required
level in steps of about 5dB. It is not intended
to provide precisely equal and known steps;
that would entail a more elaborate con-
struction and the use of precision resistors.

The total attenuation availableis not more
than some 30dB. More may be needed with
some i.f. amplifiers and it is recommended

that any such extra attenuation be provided
externally. For this purpose, the Belling-Lee
coaxial attenuators type L729 are parti-
cularly convenjent and two 6-dB types
(L729/6) and one 12-dB (L729/12) in con-
junction with the internal attenuator should
be sufficient for almost any amplifier.

We now come to the wave shaper, Tr,.
It was explained in Part 1 that the relation
between the frequency generated by the
oscillator and the voltage applied to the
varactor diode D, is logarithmic and that
to obtain a linear relation between frequency
and the X-deflection voltage of the oscillo-
scope it is necessary for the voltage applied
to D, to have an exponential relation to the
deflecting voltage. This exponential relation
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is provided by Tr,.

A BF177 transistor is used. This is
primarily intended for use as a video output
stage and is rated for operation at 100V.
It is used here on a 70-V supply, its collector
being taken to earth (positive) through R,
of 220k 2 and its collector voltage being fed
to D, through R, and R, of 330k {2 each.
The emitter is returned to the negative of
the 70-V supply. The collector potential
with respect to earth can thus vary from
zero (collector current cut-off) to almost
— 70V (bottoming).

The varactor diode D, is rated for a
maximum of 60V. The application to it of
a higher voltage is thus dangerous to its
life and as it is an expensive component it is

Fig. 2. Circuit
diagram of the power
supply. Two
transformers are used
since the requirements 200
are then met by
stock-item 240

components. 1,
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=
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important to protect it from the accidental
application of anything more than 60V.
The protective device comprises the diode
D, with R, and the two zener diodes Z,
and Z,. The zener diodes keep the anode
of D, at 51V (+5%) negative to the earth
line irrespective of variations of the supply
voltage or the tolerance of R,,.

As long as the junction of Ry and R,
is less negative to earth than this D, is
non-conductive and has no effect. When
the junction becomes slightly more nega-
tive than the zener voltage D, conducts
and clamps the junction of R, and R,
at about 0.7V more than the voltage
across Z, and Z,. Even if Tr, is bot-
tomed, therefore, the voltage applied to
D, is limited to 54.35V, allowing for 0.8V
drop across D, and for 5% high tolerance
on the zener diodes. Two zener diodes in
series are used instead of a single one to
reduce the dissipation per diode. It is
thought that this should reduce the risk
of a diode going open-circuit, for that
would put the protective circuit out of
action.

The d.c. bias for Tr,; comes from the
70-V supply. A stabilized supply of 18V
is first derived from R,, and Z,. A vari-
able voltage of 13.3V to 18V is available
from the slider of the “Coarse mid-band
frequency control” R,,. Roughly 1/20 of
this voltage is applied to the base of 77,
by a potential divider comprising R,
and the network R,;, R, and R, the
last of which is variable to form a “Fine
mid-band frequency control”. This is
essential when the equipment is used to
provide a narrow-band sweep for sound-
channel alignment. It is not essential with
the wide-band sweep for vision channel
use, but even then it is convenient.

A 7-V, 50-Hz, supply from a mains
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transformer is applied through a phase-
reversing switch S, S to apotential divider
R,,, R,,. The maximum voltage available
from R,, is 0.48V r.m.s. and roughly 1/10
of this is applied to the base of Tr, through
the potential divider R,,, R ;. The voltage
actually applied to the transistor is thus
variable from zero to a maximum of about
130mV peak-to-peak. For the narrow
sweep for the sound channel S5 connects
3948 in shunt with R,,, and this reduces all
voltages to about 1/12.

Another 7-V, 50-Hz, supply provides the
X-deflection voltage for the oscilloscope. It
is reduced to about 1.63V r.m.s. by R,,
R,,; this is about 4.7V peak-to-peak. It is
sufficient with the oscilloscope used to give
an X-trace of about two-thirds of the
screen width and the X-expansion control
on the oscilloscope permits the length of
trace to be increased beyond this as desired.
If the oscilloscope used does not have such
a control, then R,, R, should be replaced
by a variable potentiometer. Of course, if
the oscilloscope used needs more than some
20V p-p for full X-deflection, a higher
supply than 7V r.m.s. must be provided.

The voltage across R,, is applied through
a simple variable integrator R, and Cyto
provide an X-deflection voltage which is
lagging in phase on the input, the phase
being adjustable by R,,. This is necessary
to correct for phase shift in the Y-deflection
circuits. This occurs mainly in the wave
shaper and is caused principally by C; with
R, and R,,. Some also may occur in the
receiver under test, especially if the output
from it is taken from a video stage. The
capacitance of D, also has an effect and,
indeed, the addition of only 10pF across D,
produces a noticeable phase shift. This may
seem surprising in view of the frequency of
50Hz, for few realize how sensitive circuits
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Interior of the marker oscillator.

are to phase shift.

It is important to keep stray capacitance
low in the collector circuit of 77, for the
waveform is not sinusoidal and so a phase
shift introduced here cannot be completely
corrected. It is found in practice that the
residual error can be no more than the
thickness of the trace on the c.r.t., which is
quite adequate for all normal requirements.

This is the basic wobbulator. On one
half-cycle of the sine-wave deflection the
oscillator frequency varies from 30.5MHz
to 42.5MHz, or such smaller range as may
be set. On the next half-cycle it varies from
42.5MHz to 30.5MHz and, of course, the
X-deflection varies in the opposite direction.

The traces for increasing frequency and
for decreasing superpose to give a single
visible trace only if the X and Y channels
have the same phase shift and only if the
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if. amplifier gives the same response to
increasing and decreasing frequencies. The
latter does not necessarily occur, and it will
not if the sweep repetition rate is too great
in relation to the bandwidth of the amplifier.
With wideband amplifiers, such as television
amplifiers, the effect is unlikely to be
observed with a 50-Hz sweep except, pos-
sibly, at the troughs introduced outside the
passband by high-Q trap circuits. Even
there, however, they have not so far been
observed.

It is essential to have at least one marker
on the oscilloscope trace to indicate fre-
quency and it is a convenience to have
two markers. An internal marker oscillator
is provided and is Tr,. Its circuit is sub-
stantially the same as that of the wobbly
oscillator, but it is tuned by an ordinary
variable capacitor C,; of 27pF. It operates
at 6.2V from a supply stabilized by Z;. It
is built into a screening box, the zener diode
and R,, being outside it to reduce the total
dissipation within the box and so the tem-
perature rise within it. The output is taken
from a 2-turn coil L, through a 100-Q
resistor R,, and thence by a twisted pair
of wires to S,and to L;or R,,. The earthy
lead from L, is earthed at one point only,
close to where it emerges from the screening
box of the marker oscillator. This is
important.

A socket for an input from a signal
generator is provided on the front panel and
is connected by a pair of twisted wires to
L,. The only earth point is that of the
coaxial socket on the front panel. Again,
this is important.

With the marker system used here it is
desirable that r.f. from the signal generator

or from the internal marker oscillator should
not reach the input of the i.f. amplifier.
Unless each coupling circuit is earthed at
one point only, it has been found impossible
to prevent greatly excessive leakage. Even
with the single-point earthing, there is still
some leakage and with the marker ampli-
tude control turned right down traces of the
markers are visible on the screen. They are
not at all troublesome in normal usage,
however.

The internal marker oscillator has a
second use. When S, connects R, to R,
the output is connected to L, and so to the
input of the attenuator. It is thus mixed
directly with the output of the wobbly
oscillator. The switches S, to S are ganged
together; they are actually a rotary switch
wafer having 4-poles. each 2-way. When
S, connects the marker output to the
attenuator it also brings R,, into circuit to
reduce the sweep and by S, and S, it
reverses the phase of the 50-Hz voltage
applied to 7r,.

This is the condition for aligning an inter-
carrier sound channel. The marker oscillator
is set at 39.5MHz to simulate the vision
carrier, and the wobbly oscillator is set by
the mid-band frequency controls to sweep
about a centre frequency of 33.5MHz. The
6-MHz beat between the two is developed in
the receiver under test just as it is when a
television signal is being received.

Reversal of the phase of the 50-Hz drive
to Tr3 is by no means essential, but is
desirable in order that the frequency sweep
shall be in the same direction for both
channels. It is desirable to have frequency
increasing to the right on the display and
the connections are made to provide this

Sequences of traces with the

markers moved by 2MHz in each photo.
The slight variation of trace length is
caused by mains voltage fluctuation.
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for the vision channel. Because the sound-
channel signal is generated as a difference
frequency with the fixed frequency higher
than the variable, the same connections
would give a sound-channel display with
frequency increasing to the left. This is
remedied by reversing the phase of one
50-Hz channel.

We now come to the buffer and marker
mixer, which is operative only for vision-
channel alignment. L, is connected
through a potential divider R4, R,, to the
input of Tr,. This is a normal r.f. amplifier
stage with a tuned collector circuit com-
prising L,, C,, damped by Rj,. It is tuned
to mid-band and has a 3dB bandwidth of
12MHz. Marker inputs from the internal
marker oscillator and from a signal genera-
tor are coupled into L, and there mixed
with the signal from the wobbly oscillator.
The whole is applied to the diode detector
D, and the beats between the signals are
produced at its output. The marker ampli-
tude control R, is fed through quite a small
capacitor C,,. This has been found desir-
able to remove some residual hum which
otherwise produced a slight unwanted
vertical deflection on the c.r.t. The output
from R, is mixed with the output of the
receiver under test, which necessitates
bringing this into the wobbulator instead of
taking it directly to the c.r.o.

This output is brought in at the socket
“Input from i.f. amp” and is taken through
R, of 6.8k to the socket marked “Output
to c.r.o. Y-amp” and the marker signal is
also fed to this through C,,.

The maximum amplitude of the marker
signals is fixed by the design and can only
be reduced by R,,. The amplitude required
depends on the peak-to-peak amplitude of
the output of thei.f. amplifier. The maximum
marker amplitude has been made about
right for an i.f. output of about 2V p-p, and
it is usable, although a little small, for out-
puts up to some 4V. Naturally, for small
outputs of under 1V it is too great, and that
is why the amplitude control is provided.

The newcomer to a wobbulator will
undoubtedly think the amplitude available
is too small, but he will soon find that it is
adequate. It is essential that the marker
amplitude should not be too great, since if
it is it can greatly distort the trace.

The wobbulator is designed for use with
an oscilloscope which has provision for an
external X-deflection voltage and has some
kind of amplitude adjustment for it. It must
also have a Y-amplifier which is capable of
giving undistorted reproduction of pulses
of some 5ms duration which are repetitive
at 100Hz, for that is what the output signal
from the amplifier under test approximates

‘to. An amplifier with a 3dB response at

50-Hz would be useless. the gain should
be such that an input of 1V p-p will give
full Y-deflection, and there must be
adequate gain control.

The power supply is shown in Fig. 2
and is self-explanatory. The two 7-V wind-
ings of T, could quite well be on the core
of T,, but this would have necessitated a
specially-wound transformer. By using
separate transformers two standard com-
ponents could be employed.

Half-wave rectification is used for both
supplies with the diodes D, and Dq.
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