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The Plight of the Microcircuit Industry

During the past month there have been some dramatic moves made in the British
microcircuit industry. First came the announcement that the G.E.C. proposed closing
the Marconi-Elliott Microelectronics factories at Witham, Essex, (which was purpose
built in 1968) and at Glenrothes, Fife. Within days of this proposal Motorola held a
party in East Kilbride, Lanarkshire, to celebrate the start of work on the building of
a new microcircuit factory! Then came a press release from Mackintosh Consultants
Company, of Glenrothes, outlining the results of a survey of the British microelec-
tronics industry they had undertaken on behalf of the Department of Trade and
Industry and the National Research Development Corporation.

This report, which is confidential, although abridged copies have been made
available to the companies who participated in the survey, expresses the views of the
consultants and not necessarily those of the companies concerned nor the sponsors
of the study. However, the brief details given in the press release must have sent a
shudder down the spine of some British companies. The view is expressed that
because of the dominance of European markets by American manufacturers, no
single national market in Europe (and this applies equally to Britain) is capable of
supporting even one major i.c. company and, moreover, no company can succeed in
this industry without access to markets which are both large and innovative. When
one looks at the production figures of the big five microcircuit companies in the States
and compares them with the total output of all the indigenous European companies
(in¢luding Philips) one finds that the aggregate is not half of any one of the major
American i.c. companies. In face of competition from such giants what prospect
is there for a British microcircuit industry or even a joint European enterprise.
In spite of this, it has been announced by the Italian finance organization LR.L that it
has taken over SGS and ATES and, reading between the lines it would appear that
a national electronic components company—both passive and active—may emerge.

To get back to the British scene, there were, of course, the inevitable questions in
the House of Commons and the letters in the Press condemning the proposed G.E.C.
closures as, to use the words of Brian Harrison, Conservative M.P., it would be
little short of a national tragedy if Government action was not taken to prevent
the expertise associated with microcircuit production being lost to Britain. Similar
sentiments were expressed in a letter in The Times from the general secretary of
the Electrical, Electronic and Telecommunications Union who concluded with the
words ‘the Government must act now or the future of the British electronics industry
must surely be at risk’.

Only a few days before these chilly winds blew through the industry Mr. John Davies,
the Secretary for State, stated, in the course of a debate on the conditions in another
industry, that the Government would not finance ‘lame ducks’. It will, however, be
recalled that grants to the tune of £5M were made by the National Research Develop-
ment Corporation to three British-owned i.c. manufacturers (one was Marconi-Elliott)
only three years ago. This money is recoverable by levy on the sales of i.cs.

What then are the long-term prospects for this country’s microelectronics industry?
In the present climate of internationalism is it reasonable to think in terms of national
companies? American companies have for some time been setting up factories in
Europe to be in E.F.T.A. and E.E.C. In the face of such competition and in view of
our plans to join the Common Market would it not be in our interest and in the
interest of our Continental partners to set up a strong joint European i.c. company
to compete in the world market for mass-produced microcircuits? This need not mean
the end of i.c. research and production in this country; there would, we believe, still
be room for one or two British manufacturers of specialized microcircuits.
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Sweep-frequency Audio Oscillator

Two-decade linear sweep using b.f.o. technique

by R. J. Ward, B.A.

For many linear circuits the character-
istic of prime practical importance is their
frequency-amplitude response. This class
of circuits - includes tuned circuits,
equalizers, filters and selective amplifiers.
The response is commonly measured by
connecting a variable-frequency oscillator
to the input of the circuit and a suitable
output measuring meter. Measurements
are then made at as many fixed frequencies
as necessary and plotted to obtain an
overall picture of the performance. Though
simple and convenient this becomes tedious
when many response graphs have to be
measured, and is too slow when demon-
strating the properties of such circuits to a
class of students.

In such situations it is useful to display
the graph of gain or loss against frequency
directly and quickly. This article describes
an instrument which used with an oscillo-
scope or X-Y plotter enables such a direct
plot to be made.

The components needed to build this
oscillator cost at least £20 which is no doubt
more than the cost of the much simpler
audio sweep generator recently described
by F. H. Trist* The main difference in
performance is the sweep linearity—0.2%
in this design over a 100:1 frequency range
as opposed to 15% over a 10:1 range
for the simpler design. This figure of 0.2%
allows direct accurate plotting along the
frequency axis and the use of calibrated
controls for varying the sweep range.

* Audio Sweep Generator by F. H. Trist, Wireless
World, vol. 77 July 1971 pp. 335-8.
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Fig. 1. In the swept frequency technique
for obtaining the amplitude-frequency
response of networks quickly, a sawtooth
waveform controls a voltage-tofrequency
converter and simultaneously sweeps the
oscilloscope beam in the X-direction.
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Fig. 2. Using the beat frequency technique two decades can be covered without
switching. As well as the f,—f, signal others are generated which must be filtered out.

The present design is single range and
therefore limited in total coverage. Other
features such as output level and sweep-
rate controls are not fundamental to the
technique but come from aiming for maxi-
mum flexibility within one frequency range.

Automatic level control and waveform
purity are similar in both designs except
that F. H. Trist’s generator should be
completely free of spurious signals not
harmonically related to the fundamental.

The technique used is illustrated in
Fig. 1. The sawtooth voltage simul-
taneously tunes the oscillator and sweeps
the beam across the screen, so that the
sideways deflection is proportional to
frequency—a ‘frequency base’. The Y-
deflection is proportional to the output
amplitude, so assuming the oscillator
output level remains constant a plot of gain
against frequency is obtained.

In this instrument two decades of

frequency are covered in one band using a

beat-frequency technique—Fig. 2. Osci}-
lations at frequencies f; and f; are fed into

a mixer which produces many frequencies
at its output, principally the original ones
together with the sum (f; + ) and difference
(fi—fy) frequencies. The difference
frequency signal is selected by a filter. If
the original frequencies are well above the
difference frequency then the latter can be
easily filtered from the mixer output, but if
they are too high a small fractional change
in either f; or f; will result in a large
fractional change in f,—f;, so frequency
stability will be poor.

Frequency f, is fixed at 20kHz and f;
variable from 20 to 30kHz giving an output
at 0 to 10kHz. In practice the output wave-
form deteriorates when f, and f, are very
nearly equal so the usable output range is

100Hz to 10kHz.

Swept generator

The overall structure of the complete
sweep oscillator is shown in Fig. 2. It is
convenient to start its description with the
sweep generator. Audio-frequency systems



Wireless World, September 1971

Prototype specification
Frequency range: 100Hz to 10kHz in one

range, accurate to + 100Hz mid-scale or-

+20Hz by calibrating potentiometer;
+20Hz at range ends.

Amplitude: adjustable up to 3V rms.
( open-circuit) in six ranges and accurate to
+5%. Level to 3% over range. Output
impedance is 6002 + 2%, except on highest
ranges (+20% for 3-V range and —2% +
7% for 1-V range).

Spurious outputs- second harmonic 0.5%
or —45dB. All other spurious signals at
léast 45dB below fundamental at.1kHz.
Sweep times: 50ms to 20s in four ranges.
Sweep modes: ‘full’~100Hz-10kHz; ‘wide’~
100Hz to frequency set on dial; ‘sym-
metrical—sweep widths of 30, 100, 300Hz,
1 or 3kHz +3%, centre frequency set on
dial; ‘external’—sensitivity about 800Hz/V,
Z;,=50k0.

Other outputs: sweep output +5V and
—5V from 1kQ. Blanking —20V pk-pk
20-kHz square wave for bright-up from less
than 6k€2.

can easily have resonances with a width of
tens of Hz or less with corresponding
response times longer than one tenth of a
second; very slow sweep rates are needed
if such detail is not to be lost. The
circuit used to achieve sweep rates down to
20s per sweep is shown in Fig. 3.

Transistors Tr, and Tr; are coupled
together as a bistable multivibrator with
R,, R, and R, chosen so that when the
potential at point A is greater than +5V
it switches over to the condition with T¥,
saturated. When the potential at point A
is more negative than —5V the circuit
switches over to the condition with Tr,
saturated. The operational amplifier is used
as an integrating amplifier, the associated
capacitor being selected by the coarse
sweep-rate control.

_When the R-L-H switch is in position
R, the sweep starts with Tr, saturated and
point A at —5V. Point B is then nearly at
zero potential and current flows from the
input of the integrator through the fine
sweep-rate control to the negative supply
rail, raising the potential at the output of
the integrator. When this reaches +35V
the circuit switches over leaving B at
nearly the positive supply potential; current
flows into the integrator and the potential
at the output returns comparatively quickly
to —5V. The cycle then repeats.

With the switch in position L the sweep
generator takes up the stable non-
oscillatory condition with A at near —5V,
the precise value being set by the 2-kQ
potentiometer. In this condition Tr, and
Tr, behave as a high-gain amplifier feeding
any difference between the desired and
actual potential at A to the input of the
integrator in such a sense as to bring the
potential at A back to the value desired.
When the switch is turned to H, Tr, cuts
off and Tr, saturates. The output of the
integrator changes in precisely the same

. 5%
12k
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Fig. 3. Sweep generator circuit comprising bistable multivibrator and integrator achieves
sweep times as low as 20s. Beam-blanking waveforms are shown in Fig. 4. In this and
subsequent circuits the LM709C integrated circuits require + 10V on lead 7 and — 10V
on lead 4. Resistors are +-watt, 10% tolerance unless shown otherwise.

manner as in position R and so does the
output frequency. When the potential at A
reaches +5V this time it stops changing
because the circuit has reached a stable
condition with the precise output potential
set by the 500-2 potentiometer. Similarly
when the switch is turned back to L the
voltage at A flies back to —5V. By manipu-
lating the switch in this way a manual
sweep is obtained which is useful for X-Y
plotters. The ability to hold the potential of

Sweep at point/\/\""sv
(@ A -5V
Blanking pulse +10V

at point B _I_L___I—_L oV

(b)

e HﬂMWHHHIIMUIIWIINNIMILJl -
ool A

Brightness H
(e) -~~~ Off

Fig. 4. Beam blanking. is achieved with
an h.f. waveform because input to the
c.r.t. grid is often a.c.-coupled.
Waveform from Tr, is at (c), and (d)
is at c.r.t. grid.

A at either end of the sweep range is needed
to calibrate correctly.

The potential at B (Fig. 3) is such thata
positive blanking pulse of nearly 10V is
available during flyback. If this pulse
were inverted and amplified to give anega-
tive pulse this would be satisfactory for
bright-up on oscilloscopes at the faster
sweep rates. Unfortunately, the Z-modula-
tion input of oscilloscopes is commonly
a.c.-coupled to the grid of the c.r.t. so that
this blanking is ineffective at slow sweep
rates. To circumvent this a gated high-
frequency oscillation is used.

Referring to Fig. 4, a 20-kHz square
wave from the fixed-frequency oscillator
is applied to Tr, together with the positive
blanking pulse (b). Transistor Tr, and its
associated components now behave as a
NOR gate with output (¢) which after a.c.
coupling to the grid of the c.r.t. becomes (d).
If the brightness control is adjusted so that
the beam is just cut off with no Z-modula-
tion applied, as shown, it will remain cut
off during flyback but pulse on some 20,000
times per second during the sweep. Sub-
jectively these dots merge together on the
screen to give a normal display, except for
some moiré fringing when displaying the
envelope of a waveform whose frequency
is close to a low-order sub-harmonic of
20kHz; this is not normally a nuisance.

Voltage-tuned oscillator
The voltage from the sweep generator
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Fig. 5. Astable multivibrator—with constant-current sources controlled by input voltage at
D—acts as the voltage-tuned oscillator covering 40 to 60kHz. Bistable multivibrator
provides anti-phase outputs with 1:1 mark:space ratio at E and F at 20 to 30kHz.
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Fig. 6. In the hope that frequency drifts in the fixed and variablefrequency oscillators
will cancel, this fixed frequency oscillator is identical to Fig. 5.
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after passing through the control
network (see later) is converted to the
frequency of an oscillation by a voltage-
tuned oscillator. The circuit is shown in
Fig. 5 where the basic oscillator is followed
by a conventional divide-by-two bistable
multivibrator to provide two square waves,
at E and F, in anti-phase and with unity
mark/space ratio. The basic oscillator is
an astable multivibrator with a pair of
constant-current sources controlled by the
input voltage at D.

The astable multivibrator tunes over the
band 40 to 60kHz. This is divided by two
and mixed with 20kHz to produce the 0 to
10kHz audio output. In practice the relation
between input potential and output
frequency gives a maximum deviation
from a straight line of 70Hz-0.7% of full
range at worst. This is reduced to 0.2% by
adding a linearizing diode and resistor
across the output.

Fixed-frequency oscillator

The design of the fixed-frequency oscil-
lator is identical with that of the voltage-
tuned oscillator in the hope that
frequency drifts in the two oscillators will
be similar and to a large extent cancel.
The nominal frequency at the point H,
Fig. 6, is 20kHz. To achieve this within a
tolerance of 200Hz (1%) the input voltage
at G is obtained from a potentiometer
across the supply lines. To find the values
for R, and R,, first connect a 10-kQ
potentiometer across the +10-V supply
lines, and measure the required voltage.
Calculate R, to give a voltage 10%
lower than this, using a preferred value,
and try values of R around ten times R,
until the frequency is as close as possible
to 20kHz. The square wave for the
blanking oscillator is obtained from the
collector of Tr,.

'

Conversion to sine-wave
The 20-kHz output from the fixed-
frequency oscillator at H drives T¥, as a

(Below) Fig. 7. Amplitude of the fixed-
Jfrequency output is controlled by the
shunt a.l.c. transistor and drive. Tuned
filter reduces second harmonic to 0.05%
of fundamental before applying signal to
balanced mixer.

+10V

2-2k%

AAA —10V
l 100
o-22u%
2 ]
oV

o-z2p®

a.l.c.
Fig.12

560 220k
oV C

2:7n
Ot
N>
O,
Tr‘8
C424

—10V

1
e
£

% Paper dielectric 160V

g/




Wireless World, September 1971 ) 415

switch—Fig. .7—producing a square wave ol ah ’ _10V
at its collector. Transistor T, is shunted +—1

by 7r, so that the amplitude of the J %

square wave is controlled by the automatic- 1k t

level-control current flowing from the base 18K 2-2k%
of Tr,.

This square wave goes to the low-pass
RC filter consisting of R, and C, whose
output is a sawtooth which is applied to
the input of the tuned amplifier, containing
Tr4_g, due to Faulkner and Downet. This
amplifies the 20-kHz fundamental and
attenuates harmonics. Amplitude of the
second harmonic is 0.05% of the
fundamental (0.8V); the amplitude of the
other harmonics could not be measured
directly but calculated values are 0.1%
third harmonic and less than 0.02%
fifth harmonic.

Mixer ) o l

The mixer forms the product of this sine 1-8°% Eig6 el ' . +10V
wave of frequency f, with the variable- Fig. 8. Balanced mixer produces difference frequency between fixed and variable-
frequency square wave. The output from frequency oscillators. Because the summing amplifier Tr,, is linear, difference frequency
the mixer can be expressed as a Fourier signal amplitude is proportional to fixed-frequency signal amplitude and hence controlled
series of sine waves having frequencies by the a.l.c. circuit: In all these circuits alternative transistors are C724, BC107 for

Nf, +f,, where f, is the frequency of the C424; C740, BFY76 for C450; V723, BSX29,36 for V4054 and V723, BCY72 for
square wave and N=1,3,5. . . . In this V4354.

application f,=20kHz, and f; varies from

20 to 30kHz, giving the following

components:
component relative frequency

amplitude {kHz) ¥
fi—f, 1 0to 10 @ J——I—J__]_J_——L__'_ 30kHz
f,+f, 1 40 to 50 @
3, -1 4 40to 70
3f+1, & 80to 110

There is a clear two octaves (10kHz to

40kHz) between the wanted signal and the 3 Output % /\/\/ 20kHz
lowest unwanted signals, so the latter can > 1 ®

be easily filtered out leaving a pure sine
wave. If the original sine wave is not pure O  © w Prodiist
but contains harmonics then the output Sum

from the mixer will have other com- 5
ponents in the range 0 to 40kHz.

Operation of the mixer—Fig. 8-is Ei

. . » iltered
explained with reference to Fig. 9 where a component f,~f5
sine wave is being multiplied by a square e

wave of 1.5 times the frequency. In Fig.

(@) (b)
Fig. 9. Simplified circuit of switching mixer with points L and M at (a) corresponding to
+Second-order active filter circuit for tuned those in Fig. 8. Mixer waveforms at (b) are with fixed and variable frequencies in ratio
amplifiers and sinusoidal oscillators’, E. A. Faulkner 2:3. Bottom waveform is filter output. ‘

and Viscount Downe, Electronic Engineering,
vol. 39 1967, p.287.

T 2% high stability

Fig. 10. As well as difference frequency, there are additional components, e.g. fi+f 3fi—f2 3f1+ 1, which must be filtered. Low-pass
filter shown has a cut-off frequency of 10kHz and a slope of nearly 36dB/octave giving 64dB attenuation at 40kHz.
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9(a) the switches Sy and S, are closed
alternately by the square wave while sine
waves in antiphase are fed to the top ends
of the resistors. When Sy is closed S, is
open and ‘the output is essentially the
inverse of the input sine wave. When S,
is closed S is open and the output is
essentially the same as the input. So the
required multiplying action is obtained.
In practice S; and Sy, are transistors
Tr,, and Tr ,~Fig. 8-the sine waves
are displaced from zero mean level so that
these transistors are always forward
biased.

Transistor 77, is a phase inverter
producing two equal and opposite signals
to feed the emitter followers Tr;, and
Tr,,. The summing amplifier Tr, is

®

F

2x1S44  _q0V
25
33k “J. ®
22K V.
5% é 15 '-—)
c424 + e
5
o5V
a.l.c.
Fig.7
oV

Fig. 12. Filter characteristic has a rise
of 2.6dB at 8kHz, but is reduced to 3%
pk-pk with a.l.c. (at 4s sweep time).
Level control signal is obtained by
rectifying signal from D in Fig. 11.
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Fig. 13. Sweep control circuit—between sweep generator and voltage tuned

oscillator—enables various sweep modes to be set. The integrated circuit provides a
low-impedance supply at 5V for setting zero-frequency output. Upper frequency limit
is variable in switch positions W, S and X.
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linear in the sense that the amplitude of the
component at f,—f, is proportional to
the amplitude of the sine wave f,, thus
the al.c. modulator controls the ampli-
tude of the output.

Filter

The filter used to separate the wanted
component from the complex wave con-
sists of three cascaded active low-pass
sections—Fig. 10.

The measured overall gain of the com-
plete filter rises from near unity (0dB) at
zero-frequency to +2.6dB at 8kHz, after
which it falls slowly to +1.3dB at the
cut-off frequency 10kHz, and then rapidly
at nearly 36dB per octave so that signals
above 40kHz are attenuated by at least
64dB. The output from the filter is ampli-
fied to 3V r.m.s. by a further LM709
used as a linear amplifier feeding the
output attenuator—Fig. 11.

Automatic level control

The output level will vary as the frequency
sweeps across the range because of the
filter characteristic. This variation is only
about 3dB but it can easily be reduced
with the automatic level control circuit—
Fig. 12.

With this method the variation of
amplitude over the entire frequency range
was reduced to 3% pk-pk when the sweep
period was four seconds. The levelling
deteriorates at fast sweep rates because of
the slow response of the detector caused
by the smoothing components.

Control network

Between the sweep generator and the
voltage-tuned oscillator, the control net-
work—Fig. 13—enables sweep frequency
range to be set in several ways by the
panel controls. A low-impedance supply
at nominally —5V is provided by the
operational amplifier—connected as a
voltage follower. This potential, adjusted
by the 2-k@ potentiometer, is applied to
one end of the frequency control and
corresponds to zero-frequency output.

There are four sweep modes selected by
S,. In the ‘full” mode the output frequency
is swept from zero to 10kHz. The 1-k©2
preset potentiometer adjusts the ampli-
tude of the sweep voltage across the
frequency control so that this range can
be set accurately. In.the ‘wide’ mode the
upper frequency limit is set by this fre-
quency control. Some non-linearity in the
calibration of this control is caused by
loading but with the values shown this
should be less than 1%.

In the ‘symmetrical’ mode the switch
section §,, disconnects the sweep
generator from the frequency control and
applies a constant voltage, derived from
the +10V supply, equal to the maximum
positive excursion of the sweep wave-
form at A. If S, is set to ‘c.w’, the
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To illustrate the application of the sweep
generator, the response of an earphone
was investigated by another earphone
2mm from the diaphragm. Trace (a)
shows voltage across the coil—
proportional to velocity—with a 10-kHz
frequency base. Trace (b) shows the
trace expanded using ‘wide’ mode with a
base of 3kHz. Second peak is resolved by
using ‘symmetrical’ mode with a 770-Hz
centre frequency and a 300-Hz sweep
width (c). Decreasing sweep time from
7s per sweep to 0.5s per sweep shows
the loss of resolution and spurious
effects caused by too fast a sweep rate (@.

frequency control adjusts the output
frequency (unswept) with the same cali-
bration as it had in the ‘wide’ mode.
With S, and S, so set, the instrument
thus behaves simply as an ordinary sine-
wave signal generator. This is useful for
setting the centre-frequency of a sweep
to, say, the peak of a system’s response
and also for examining the oufput wave-
form of the oscillator itself. Symmetrical
sweep about this mean frequency is
provided in five calibrated widths by S,.
A similar arrangement holds for ‘external’
sweep waveforms with the mean frequency
adjusted by the frequency control. The
sensitivity for external sweep is approxi-
mately 800Hz per volt.

stabilized, both at less than 100mA The
constancy of the ratio between thesetwo

voltages is more important for frequency
stability than any common change in the
supply voltages.

The oscillators were not sure-start if
the two supplies were switched on simul-
taneously, and the + 10V supply should
be switched on first. '

Announcements

During the British Association annual meeting at
Swansea there will be two public lectures at
University ‘College. The first, entitled ‘The physics of
musical sounds® will be given by Prof. C. A. Taylor
(head of the department of physics, University
College of South Wales) at 20.00 on September 6th.
The second is devoted to fuel cells and will be given
by F. T. Bacon (consultant to Energy Conversion
Ltd) at 20.00 on September 7th.

A course of 20 weekly lectures (2.30-4.30) on sound
studios and recording starts at the Polytechnic of
North London, Holloway Rd, on October 28th (fee
£10.50). On the same day at 6.30 a 15-lecture course
on audio and acoustic measurement begins (fee
£6.30). The lecturers include many well-known
names in the audio world. Further particulars from
the Dept. of Electronic & Communications Eng.,
Polytechnic of North London, Holloway Rd.,
London N7 8DB.

Modern electronic techniques is the fitle of a course
of 10 afternoon lectures for engineers and technicians
to be given at Portsmouth Polytechnic from October
8th. Fee £4.

Two one-day seminars on computer-aided design will
be held at the Royal Garden Hotel, London, on
September 21st and 22nd. Organized by our
associate quarterly journal Computer Aided Design,
the first day will be devoted to computer-aided design
in shipbuilding and the second to cad. in
engineering. Fee £25 each seminar.

A residential vacation school on lasers and their
applications is to be held at the City University,
London E.C.1, from 13th to 24th September. The
school is designed for physics and enginéering
graduates.

The World Radio Club programme, broadcast in the
B.B.C’s World Service on Thursdays at 12.45
GM.T. and repeated on Fridays (23.45) and
Sundays (08.15), is offering for the fourth year a DX
award. The listening period is August 1-31, and
entrants must give a concise reception report on one
transmission from Great Britain and from each of the
following: the Atlantic; East Mediterranean and the
Far Eastern Relay Stations. Details from World
Radio Club, B.B.C., Bush House, London WC2B
4PH.

Racal are negotiating to take over two more
companies—Amplivox Ltd, manufacturers of
hearing aids and other audio equipment, and Zonal
Film (Magnetic Coatings) Ltd, the Iiford subsidiary
manufacturing magnetic recording material and
tapes.

The recently formed Inmternational Radio and
Electrical Distributors Association is planning its first
trade exhibition to be held at the Bloomsbury Centre,
London W.C.1, from Sunday 21st May to Thursday
25th May next year.

Specialist Switches, who for almost 20 years have
been providing a 24-hour service in custom built
rotary and lever switches type H, DH, Hc and LO,
have been taken over by Stoneleigh Electronics Ltd,
and are now at Factory No. 8, Bridge Close,
Romford, Essex.

Texscan Instruments Ltd, of Lord Alexander House,
Hemel Hempstead, Herts, has been formed to handle
the sales and service of the range of sweep signal
generators, attenuators and filters produced by
Texscan Ltd Inc., in America. The new company is
also responsible for the marketing of wideband power
amplifiers from Electronic Navigation Industries Inc.,
and function generators and r.f. power sources from
Microdot Inc.

Emi has won a contract to develop for the Post
Office experimental digital transmitters and receivers
for the 10.7-11.7GHz band ‘which could well provide
a basis for the next generation of microwave
equipment for the telecommunications network’.
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An airborne maritime radar to detect submarines as
well as to carry out general surveillance duties on
maritime surface traffic is to be developed by EMI
under a contract placed by the Ministry of Defence
(Aviation Supply).

GEC-Mobile Radio, a division of Marconi
Communication Systems Ltd, has moved from .
Coventry to the Chelmsford area. Their new
headquarters is at Great Baddow, where the
commercial and engineering departments are also
housed, but the main service department will remain
at Coventry Other service depots, such as those at
Altrincham  (Cheshire), Edinburgh, Leeds and
London, will remain in operation.

Matsushita Electric are marketing a range of printed
wiring boards through Steatite Insulations Lid, of
Hagley Rd, Birmingham, B16 8QW. The boards
consist of phenolic resin impregnated paper, epoxy
resin impregnated glass, and Duston plated—a
process whereby powdered copper is fixed with
adhesive ink to an insulated board which has a wiring
pattern already on it.

R.E.W. Audio Visual Company, of London $.W.17.
have been appointed sole distributors of the new series
7 Ferrograph-Dolby tape recorders in the UK.

Marconi Instruments Ltd are to supply to the Home
Office an automatic test system for firemen’s v.h.f.
Personal Alerters. The ‘Autotest’ takes 30 seconds to
automatically measure signal frequency, if. and
audio frequency, as well as d.c.

FieldTech Ltd, of Heathrow Airport, have been
appointed sole U.K. agents for a range of epoxy glass
fibre whip aerials, manufactured by Valeriote
Electronics (Guelph) Ltd, of Ontario, Canada. They
cover the frequency range 2-30MHz, and are capable
of handling SkW average, 10kW peak.

Gresham Recording Heads Ltd have appointed
Radio-Equipements, of 9 Rue Ernest Cognacs,
92-Levallois-Perret, France, agents to handle
recording head sales throughout France.

Motorola have appointed GDS (Sales) Ltd to handle
the sales of all their semiconductors in Eire and
Northern Ireland.

Books Received

Transistor Circuits in Electronics, second edition,
by S. S. Haykin and R. Barrett. The book, written
for students taking electronics in full-time or sand-
wich courses to degree, H.N.D. and HIN.C. level,
will appeal also to electronics® engineers. In this
new edition a chapter has been included on mono-
lithic integrated circuits, and logic symbols have
been redrawn to BS3939, 1969, Section 21.
Chapter headings are as follows: transistor
characteristics; graphical analysis; small signal
equivalent circuits and parameters; amplifier circuits;
feedback amplifier and oscillator circuits; switching
circuits; regenerative switching circuits; logic
circuits; modulator and demodulator circuits; and
integrated circuits. There is a single page biblio-
graphy, an appendix explaining the super-position
theorem and the theorems of Thévenin and Norton,
and a five-page index. Pp. 367. Price £3.80 cased
and £2.50 limp. Iliffe Books, Butterworth & Co.
(Publishers) Ltd, 88 Kingsway, London WC2
6AB.

A Dictionary of Electronics by S. Handel, third
edition. Five years have passed since the second
edition of this reference work appeared. The first
edition published in 1962 contained 384 pages and
cost 7s 6d. The new edition contains 413 pages and
costs 45p. Penguin Books Ltd, Harmondsworth,
Middx.



Helical V.H.F. Aerial

Using twin helices with triangular

cross-section

by George J. Monser, M.S.E.E.

To date the helical aerial, which has many
desirable reception properties, has been
overlooked to some extent for:domestic
v.hf. reception, mainly because of the
difficulties in building and installation. An
attractive feature to recommends the helix
is that it is circularly polarized, which
means that it responds equally well to any
linear polarization. As a result, fading
effects due to propagation disturbances
and multi-path effects tend to be minimized.
In short, a gain of 8 to 10dB over the band
can be provided, even under adverse con-
ditions. Multipath propagation can change
the plane of polarization. Thus, if you are
using an aerial designed strictly for hori-
zontal polarization, a signal loss of 3dB
or 50% of the r.f. power may result.

Other attractive features of the aerial
described are: ’

—1It offers a nearly flat resistive im-
pedance of 135 ohms, which means it can
be connected directly to 300-ohm twin-
lead with little loss.

—The phasing of the turns is such that it
gives a maximum gain-of 8 to 10dB over
the band.

With such good features, why isn’t
the helix more frequently used? Mainly
because conventional designs are cumber-
some to build and difficult to install. First,
as the name suggests, the radiating elements
must be helical turns. When the size of these
turns and the axial length are chosen for
v.hf. radio or television it is found that
building such an antenna isn’t so easy.
Second, conventional designs are single-
ended, or unbalanced. Thus, for proper
operation, a sizeable ground-screen is
required, posing difficult mounting prob-
lems.

By two simple modifications, the helix
can be adapted for home construction.
The first consists of changing the cross-
section from circular to triangular. Thus,
each turn is formed as a rigid triangle
instead of a circular turn.

In the second modification, the turns are
bifilar wound so that a balanced aerial is
provided, requiring no ground screen. The
cost of these modifications is slight.

Typically, conventional helices show 2
to 3dB variations in response with polariza-
tion. This model, when tested, showed 2
to 5dB variation, which is still quite
acceptable.

The design, detailed in the illustrations,
covers the band 88 to 170MHz which in
the U.S.A. includes th¢ f.m. sound broad-
casting band and most of the v.hf. tele-
vision band. But the aerial has useful gain
at higher frequencies e.g. about 6dB at
200MHz. It can be scaled for other
frequency bands—I built a 1/15-scale
model for testing.

By using a balun, it can feed receivers
with unbalanced 75-ohm input circuits.

c

Fig. A. Alternate elements on this
U-channel form one side of the two
tetrahedral helices. Model in this
photograph has an extra element—ex-
treme right—not shown in the table.

Fig. B. One complete helix with support
attached to element vertices using either

~ metal tie strips (three vertices on right) or

with wire (vertices on left). The extra turn
shown on this helix is optional.
Fig. C. Completed aerial with feeder cable
attached to last two elements.
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Fig. 1. Cut the aluminium strips to element
lengths given in the table, and drill 3-mm
holes as shown.

Fig. 2. For the element supports, cut the
Perspex pieces and make notch as shown.

Fig. 3. Make the U-channel from three of
the pieces shown in Fig. 2 (A, B-& C) by
drilling 3-mm holes, 25-mm deep at 76-mm
intervals along both sides as shown and
insert self-tapping screws.

Fig. 4. Attach the support—~Perspex piece
D—to the U-channel by drilling a 3-mm
hole through notch and support, and fixing
with nut and bolt.

Fig. 5. Cut 14 aluminium angle brackets
to length shown, drill four 3-mm holes in
each and bolt centrally to elements—
numbers 1, 4, 7, 10, 13, 16 and 19 of both
helices, see Fig. 6.

Fig. 6. Drill holes in U-channel to take
elements and brackets as shown.

Fig. 7. Add remaining elements, completing
one helix before starting the other. Open
out lower support and fix to upper vertices
in photographs with straps or wire. Support
can be made more rigid by drilling a second
hole at the notch and fixing with nut and
bolt. Some holes at element joins may need
redrilling. '

Fig. 8. Bolt completed aerial to wood or
plastics mast wusing four aluminium
diagonal supports.

Table 1. Parts needed
Perspex pieces

1.15m X 38 X 6.5mm (45 X 13 X %in) 2 off

1.2m X 76 X 10mm (48 X 3 X $in)

1.2m X 38 X 6.5mm (48 X 14 X Zin)

Aluminium strips

1.83m X 13 X 1.6mm (72 X § X 1/16in) 13 off
Aluminium right angle

1.83m X 13 X 13 X 1.6mm (72 X X % X 1/16in}
Also needed are self-tapping scréws, nuts, bolts, tie
strips and wire, wooden or plastics mast, 300-ohm
balanced feeder cable.

Table 2. Element lengths

Element first helix second*
no. lengths (cm) helix
1 138 131
2 123 116
3 118 111
4 123 116
5 109 100
6 103 ¢ 94
7 110 103
8 93 86
9 89 81
10 96 90
11 79 72
12 74 66
13 82 76
14 65 56
15 59 51
16 68 61
17 50 43
18 46 37
19 40 39

*Second-turn elements identified by asterisk in drawings.

.
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1 1-15m . 2
6-5mm (Y4in.) thick
76mm
1:15m i |
l38mm
v

3mm dia.
holes

g-4mm (3/8in.) thick

1-2m

6-5mm (1/4in.) thick

Support

1-2m X 38mm X 6:5mm

U -channel

Angle set during
final assembly

U- channel (side view)

5 : 3mm dia. holes
50mm

-
25mm 13mm x 13mm X 1:6mm
(1/2in.% 1/2in.x 116in.)

76mm iong

3mm dia.holes

Centre angle
pieces

7 Feed points

Aerial elements
(mounted on U-channel )

Lower
support

Angle set
at final
assembly

U-channel

S ———8mm dia holes

33cm aluminium
diagonal supports

L"J " ——Mast support
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Ceramic Discriminator for
Narrow-band F.M.

Product Application Note

by D. Balfour*

Piezoelectric materials have been employed
in the communications industry for many
years, the most commonly known being
the quartz crystal used widely as an
oscillator and for filter networks. The
ceramic resonator has achieved similar
penetration as a frequency determining
element or as part of a filter network at
frequencies around 455 kHz. Both these
devices are similar in that being piezo-
electric their mechanical vibrations may be
considered in terms of electrical parameters
of inductance, capacitance and resistance.
Their equivalent circuit in the vicinity of
resonance is shown in Fig. 1.

Quartz, however, whether in its natural
state or whether grown synthetically, has
a fixed set of piezoelectric constants, which
limit some of the electrical values obtain-
able, for instance the ratio of Cg to C,.

- Cs

Fig. 1. Equivalent circuit of a piezoelectric
resonator.

Ceramic can have its piezoelectric values
altered over a wide range, which enables a
more flexible series of designs to be
achieved. Ceramic is, however, less stable
both with temperature and time than quartz,
hence the use of ceramic filters at 455 kHz,
where the stability with respect to tempera-
ture in absolute terms is equal to that of
a quartz filter at 10.7 MHz.

An analysis of the equivalent circuit of
Fig. 1 shows that the impedance plot is
characterized by a minimum at a frequency
Fp, very close to the resonance of the series
arm LC,R and an impedance maximum at
a frequency F4, where Cg has a capacitive
impedance equal to the inductive impedance

* Vemitron Lid

Table 1

Type Channel Resonances L C; R ¢

spacing ref. 466kHz mH pF Q pF
TFD4 20-25kHz + 18 kHz 2.2 61 15 360
TFD5  12.5 kHz + 12 kHz 3.2 40 15 369

of LC,R. Between these two frequencies
Fpg and F, the impedance of the transfilter
is largely inductive, becoming entirely
resistive both at Fr and at F,. By altering
the piezoelectric coupling of the materiat
we can alter the spacing between Fy and
F, within wide limits, and have manufac-
tured two devices (TFD4 and TFDS5)
suitable for 25 and 12.5 kHz channel
spacing systems respectively. Brief details
of the devices are given in Table 1.
Resonances have been chosen sym-
metrical to 455 kHz and are placed almost
at the adjacent channel frequencies. This
placing helps improve the overall rejection
of the complete system. Typical values for
the parameters of each device are tabulated.
In general, the admittance of the device may
be calculated exactly from the equation:—

Y= 1

= +j@Cs
R+ jolL+

1
JoCs

This is' cumbersome and it can be shown
that within +5 kHz of 455 kHz that the
network can be considered lossless with
little error. It can further be shown that the
impedance may be expressed as follows:
JZ where Z=
1.04+0.11/+0.006/* kQ2 (TFD5) or
1.34+0.241+0.02f* k2 (TFD4)
where f represents the deviating frequency
in kHz. This impedance is approximately
true for + 3 kHz for the TFD5 and + 5 kHz
for the TFD4.
The ideal device would have a linear

AkQ)
AN

vin (™) iz
|

Fig. 2 Circuit of the discriminator.
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change of impedance with frequency and
the following procedure may be used to
achieve a substantially linear output with
the circuit of Fig. 2.

Assuming that both 4 and B are resistive
the following expression gives the ratio of
the output volts to the input volts:—

__ B Vi
VO"/HB
Vh+ (4B \2
(A+B)Z

The problem then resolves itself into two
forms:—
1. To linearize the expression:

1
s A8 _\?
1"((Aﬂa)z)

so that it becomes closely linear with
frequency. This involves choosing a specific
value for the expression 4B/(4 + B), which
is the value of 4 in parallel with B and is
not definitive with respect to 4 or B. »
2. To maximize the vaive of the output by
choosing B/(4 + B) to give the greatest
sensitivity commensurate ‘with the limits in
1. The value of AB/(A + B) has been com-
puted to give a linear relationship of output
versus deviation for the points f= —3,
0 and +3 for the TFD5 and = —5,0, +5

09 |
o8 -
- TFD-4

o TFD-5 / / \\ J

. NN
—_ \
éos i/ chﬁg#els ™
3

o4
w

AN
PN

I
420 430 440 450 (460 470 480 490 500

455
Frequency (kHz)

Fig. 3. Performance of slope detector using
TFD4 and TFDS.

for the TFD4, using figures in Table 1.
The results are as follows:—

I
TFD5 ABB 1.5 kQ

AB _
TFD4 A% = 17 k2

For practical purposes values of 2kQ
for A and 10kQ for B are satisfactory for
both TFD4 and 5. The sensitivities achieved
are 32mV/kHz for a 1V input for the
TFD4 and 50mV/kHz for a 1V input for
the TFDS, as shown in Fig. 3.

The adjacent channel sensitivity is much
less than for wanted channel, typically 0.33.
This means that the discriminator acts as
a filter for adjacent channel signals giving
8 to 10 dB rejection.
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Dual-trace Oscilloscope Unit

2. Field-effect transistor ampliﬁer

by W. T. Cocking*, F.LE.E.

The basic requirements for a unit which enables two signals to be seen simultaneously on an
oscilloscope were discussed in Part 1, where it was shown that two identical amplifiers with
input attenuators and an electronic switch are required. A maximum overall gain of unity is
needed but, to reduce the effective capacitance of the input cable, input attenuation must be
used and so subsequent amplification must be included to offset this. It is important that the
input resistance of the amplifier be well defined, which means that it must be provided substantially
by a resistor, and so, with the usual parallel connections, the amplifier proper must have an
input resistance which is very large in comparison.

The junction field-effect transistor is the
obvious choice for the input stage of any
amplifier which must have a high input
resistance. Its main drawback is its enor-
mous tolerances. It is also rather more
costly than the usual bipolar transistor.
Fig. 1 shows the characteristics of the

*Editor in Chief, Wireless World

BFWI10 fe.t. At zero gate voltage, the drain
current may be from about 7-8 mA to about
20 mA, while the gate cut-off voltage may
vary from —2:1Vto —8V.Inan amplifier
in which it is impracticable to use capaci-
tance interstage couplings, it is imperative
that the d.c. level of the output electrode
be substantially constant and this is where
the difficulty in using the f.e.t. arises.

20 High
18-
16
14
Normal
12
z C
£ 10+
Q
—
8 Low
6 .
4 .
ol
o i 1 1 1
210 -9 -8 -7 -6 -5 -4p -3 -2 F B 0
(V)

V,
Fig. 1. Curves of the BFW 10 fe.t. showing the IuGl

ge tolerances. The bias line AB is for the

circuit of Fig. 2 with Vo = 4V, Rg = 470 Q and Rg = 1-5 kQ. The line EF is for the same

values but Ve = 6:3 V. CD is drawn tangentiall

y to the fee.t. curve at its intersection with

AB and its slope gives the mutual conductance. The dotted curves are for two specimens

of the T 1558 which were used in the experiments.

If the fe.t. is employed as a source-
follower, it is necessary for the source to be
always at some fixed voltage relative to
earth. One can use a variable source resistor
which is adjusted to suit the particular f.e.t.
employed. For example, one might decide to
operate at 1-5mA to suit a low-tolerance
fe.t., which will demand a gate bias of
—1-5V. If, as is usual, the gate is returned
to earth, the source must be 1-5V above
earth and at 1-5 mA, a source resistor of 1 kQ
is needed. With a high-tolerance f.e.t. the
source must still be 1-5V above earth but
the current will be 13-9 mA and the source
resistance must be 108 Q only. This is far
too low for good source-follower action and
instead of the “gain” approaching unity, it
will be around 0.23 only.

A better alternative is to use a fixed value
of source resistance. Constant voltage then
demands constant current, which must be
chosen at a suitable value for a low-tolerance
f.e.t., say, at 1-5mA. Control must then be
exercised by a variable negative gate bias
which is adjusted to suit the f.e.t. It can be
seen from Fig. 1 that for a high-tolerance
fet. —6V bias will be needed to give
1-5mA. This means —4-5V bias additional
to the 1-5 V source bias. The gate return now
cannot be earthed, but must be taken to a
source of up to 45V negative to earth,
which must be stabilized. This is incon-
venient. The “gain” is still not constant,
but is more constant than with a variable
source resistor. This is because at constant
current a high-tolerance f.e.t. has a much
lower mutual conductance than a low-
tolerance one, as can be seen from the slope
of the curves in Fig. 1.

In the writer’s view there is only one
practicable way of coping satisfactorily
with the tolerances of the f.e.t. when there
must be an output point at a constant
voltage to earth. This is to use it with a
p-n-p transistor (if it is an n-channel f.e.t.)
in the circuit shown in Fig. 2. The resistor
Ry, is made variable and is adjusted to bring
the collector of Tr, to a fixed voltage V¢
with respect to earth.

Ideally, the voltage amplification is 1+
R¢/Rs. In practice, it is somewhat less. It
can be within about 95% of this figure for
low tolerance to normal fedts, but it falls
off more with high-tolerance ones because
R, then becomes too small. The circuit is
an admirable one for an f.e.t. with a toler-
ance range of about one-half of that of the
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BFWI10. Such fets are available, but
naturally. tend to cost more.

The circuit has a low output impedance
and so is not much affected by a load R, as
long as this does not draw direct current.
It has a good high-frequency response and
works well up to at least 10 MHz.

Assuming, as usual, that the base current
of Tr, is negligible compared with the
collector current,

Ve = Vs+1IcRe
Vs = (Ic+11)) Rs
Vg = ID_RD
from which
R R-R
V — V S I C\S
S = YRRy PR Ry

The f.e.t. thus behaves as if it were source
biased by a resistance having the value of
R and Ry in parallel returned to a voltage
positive to earth by V. Ry/(R.+ Ry). If, for
example, Ry = 470Q and R. = 1-5kQ,
the parallel value is 358 Q. If V. = 4V the
effective return voltageis 0-95 V. By drawing
a bias line from this voltage to represent
358 Q in the usual way, the intersections
with the f.e.t. curves enable I, and ¥V to be

VC C

e
RG% VS/V %RS c VTC /h R
| | T

Fig: 2. Circuit for an n-channel f.e.t. with
p-n-p bipolar transistor.

read off for low- and high-tolerance and
normal fets. The line AB in Fig. 2 repre-
sents the conditions. For a low-tolerance
fet, Vg =15V, Iy = 1-5mA; for a nor-
mal fet., Vg =235V, Iy = 39mA; and
for a high-tolerance fe.t., Vg =34V,
Iy = 6-8mA, within the accuracy limita-
tions of small-scale graphs.

Therequired value of Ry is Vyg/I,. Taking
Ve = 065V, R, is 433Q, 166 Q and
95-5 Q in the three cases. In practice, there
is a manufacturing tolerance on ¥, which
is usually of the order of +75mV. This is
covered by providing R;, with a somewhat
greater range of resistance.

Atthisstage I, V., Vgand Ry are known.
The collector current is

VC - VS
L= n
For the three cases of the BFW10, with R,
= 1-5kQ, the collector current is 1-67 mA,
1.1 mA and 04 mA respectively.

The signal conditions are more complex
and the equations for gain are developed in
the Appendix. The performance depends
very largely upon a quantity which is there

termed y. It is the effective current gain of
Tr, and in the limit becomes h .. This only
occurs when R, becomes infinite and is
only approached when the input resistance
hy.r, of Tr, is very small compared with R,
so that substantially all the signal current of
Tr, flows into the base of Tr,.

For given values of V¢, R- and Ry, I; and
Vs are much greater for a high-tolerance
f.e.t. than for a low, and so I, must vary
inversely. As I}, rises, R, must be reduced,
and as [ becomes less, r, increases. The
result is that y varies very greatly between
low- and high-tolerance fe.ts.

Taking Vpy = 0-65V, which is typical,
the value of y given in the Appendix can
be expressed in d.c. terms as

hye

¥ 1 + h leIDRC
25(Ve—Vy)

It is clear from this that ¥ must not ap-
proach V. too closely. If it does, the
denominator will become large and will
vary very much with small changes of V.
This means that the collector current must
not be too small. For a large value of y it is
necessary that the collector current be much
larger than the drain current, but this is not
always practicable.

In general, the larger V. the better, but
there is a limit set by the requirements of a
low-tolerance f.e.t. It is essential that the
value of V:Rg/(R-+Rs) be numerically
less than the cut-off bias of a low-tolerance
fe.t.

Tables 1 and 2 give the calculations step
by step for the BEW10 using the curves of
Fig. 1 and taking g,, = 3mA/V in all cases,
since for the particular conditions it varies
very little. In all cases, hg = 100,
Re = 1'5kQ and Ry = 470 Q; for Table 1,
Ve = 4V, while for Table 2, V. = 6:3V.
In the two cases, the bias lines in Fig. 1 are
AB and EF respectively.

With V, = 4V, the gain varies from 2-24
to 3-93, a ratio of 1-75:1, whereas with
Ve = 6:3V, it varies from 3-48 to 4-09 only,
a ratio of 1-17:1. With the higher voltage,
the output resistance is also much less.

If the circuit has a load R, this load must
not draw direct current for the analysis of
the Appendix to hold. The load can be fed
through a capacitor, or it can be connected
directly if its earthy end is taken to a voltage
equal to V.. The practical difficulty is then
to ensure that temperature changes do not
upset matters.
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Table 1
Low Normal High
13 15 2:35 34 v
Iis 15 39 68 mA
Ve—Vs 2:5 1-65 06 A%
Ie 1-67 11 04 mA
Ry 433 166 955 Q
¥s 156 . 236 65 Q
Ry/hy, 433 166 0955 Q
ro+Rp/hy, 19:99 2526 65955 Q
y 21465 66 145
ZnRs(1+y) 319 107 3-45
W Rs(1+
SR g oo1s oms
1+g.Rs(1+y)
Re.
gt A 405 377 289
Ry 14y
A 3-93 345 224
R, 1225 345 905 Q
Table 2
Low Normal High
Vs 1-575 2:62 365 v
Ip 07 316 6 mA
Ve—V¥s 4725 3-68 265 v
Ie 315 2-45 177  mA
Ry 925 206 108 Q
re 825 106 147 Q
Rp/hyg, . 925 2:06 1-08 Q
o+ Ryp/hy, 175 12:66 15-78 Q
y 529 163 685
&mRs(1+y) 76 244 111
wRs(1+
1+g.Rs(1+y)
R ;
=<3 413 4 379
Rg 14y
A 4:09 3-84 3-48
R, 53 161 337 Q

Rather surprisingly, there is little pub-
lished information on the temperature
characteristics of the f.e.t. Two different
effects exist. There is the usual negative
effect of a junction which results in the drain
current increasing with temperature, but
there is a positive effect in the bulk material
which has the opposite effect. At one
particular low current the two can cancel,
but at normal drain currents the junction
has the greater effect, and normally drain
current increases with temperature.

The bipolar transistor itself behaves
normally, of course. However, the change
of Vpy affects I. by an amount which
depends greatly upon the value of R,,. If
Ry, is very large, Vg hardly affects I, at all,
but it can exercise almost its full effect when
Ry, is small. It can be expected, therefore,

10-5V

Fig. 3. The circuit of Fig. 2 elaborated to include a gain control; R, is adjusted to bring
the collector of Tr, to a design value and R, is adjusted for zero volts across R;
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that the overall temperature coefficient will
be greater with a high-tolerance f.e.t. than
with a low. An intelligent guess would pul
the overall temperature coefficient at about
3mV/°C referred to the gate. At the output
this will appear multiplied by the gain as a
_change of V. It may thus be 12 mV/°C or
about +0:15V for +12-5 °C temperature
change.

Fig. 3 shows a circuit which was used
experimentally. It was designed for
Ve = 4V. The fets used had the charac-
teristics shown dotted in Fig. 1. Two rather
similar specimens were used and both were
much “lower’’ thana low-tolerance BEFW10;
obviously ¥V = 6-:3 V would not be appro-
priate with these. To set up the circuit an
Avo on its 10V range was connected
between earth and the collector of Tr, and
R, was adjusted for a reading of 4V. The
meter was then connected across R, and R,
adjusted for zero volts, first on the 10V
range, then on the 2:5V, and finally on the
50 pA range. It was found desirable to use
an emitter-follower after the stage, partly to
reduce capacitance loading on Ry but
mainly to reduce the base currentin Ry. The
high-frequency response can be extended by
adding a small capacitance (e.g., 25 P
across Rg.

With the following stages an overall
response almost flat to 5 MHz, and about
—3dB at 10 MHz, was readily obtainable.
The: only fault of the circuit lay in the
difficulty of maintaining an adequate bal-
ance of the voltages at the two ends of R;.
An out-of-balance current of 10 A in R; is
about as much as can be tolerated and this
corresponds to only 20mV cross R;. One
would expect this to occur with a tempera-
tare change of only around 2°C.

To maintain good balance both ends of
R, must be connected to points which vary
in voltage by the same amount. The only

way which seems likely to give this reason- -

ably well is to replace R, and R, by a
duplicate amplifier and this requires the
two fets to be fairly closely matched.
This was not done because it was considered
undesirable to use matched fe.ts.

The circuit was, thus rather regretfully,
abandoned. It should be understood that
this was only because of the gain control. If
that were not needed, and low-tolerance
fets could be guaranteed, then V¢ could
be 2-7V only and the stage could drive the
switched transistor directly. The tempera-
ture coefficient would not be important
because it would only affect the position of
the trace on the screen and a shift control is
needed in any case and could correct it. The
shift control would, in fact, be Rp, or a
portion of it.

Before concluding, it is desirable to point
out that a bipolar transistor can be used
instead of an fe.t. This is shown in Fig. 4.
For simplicity, we shall treat this as an
extension of the f.e.t. analysis and so shall
call the collector current of Tr, I, instead of
the more usual I.;. The previous equations
apply, but additionally,

Vg1~V = Vs

There is now no reason why the current
of Tr, should not be much less than that of
Tr,; Ry can be large and y can be large.

Vee

Fig. 4. The circuit of Fig. 2 but with an
n-p-ni Lrunsistor in place of the fee.t.

Fig. 5. A form of cascode circuit using

n p nand p n p transistors which is useful
for passing a signal between points at
different d.c. voltage levels. A shift control
which does not affect gain can be obtained
by adjusting Vg,. The gain tends in the
limit to Re,/Rgy but in practice is a little
lower.

Ignoring the internal resistance of the
emitter junction of Tr,, the input resistance
is

Re+Re/(1+y)
Re+Rp+Rs

and it can easily be several megohms. Notice,
however, that R,, is reduced by a finite value
for R,. This is physically obvious for when
R, is present some of the collector current
of Tr, flows through it instead of it all
passing through R;. The feedback, upon
which the high input resistance depends, is
thus reduced.

The gain equation is now very nearly the
ideal of 1+ R¢/Ry, since g,, for a transistor
is usually 30 mA/V or more and y can easily
be made 50 or more. It will rarely be less
than the ideal by more than 5%. Also the
output resistance is much smaller and is
nearly

R, = by Rs(1+)

I+y

With this circuit it is possible to obtain
with a load of 2 kQ an input resistance of at
least 2 MQ, an output resistance of around
15 Q and a gain of about four times and it is
useful up to at least 10 MHz. If Ry, is fairly
large, as it can be, (e.g., 1kQ) changes of
Vyes have little effect. However, changes
of Vpp, are subject to the full gain. Thus,
changes of 2mV/°C become changes of
8 mV/°C at the output.

R,
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It should ‘be understood that the gain
variations of the f.e.t. are dependent on the
particular f.e.t. used. Design must be carried
out so that the minimum gain is greater than
the required gain and a pre-set gain control
included. It is, of course, possible to reduce
the variations by using a fixed value of Rp,
and adjusting ¥, by negative bias on the
gate. As mentioned earlier, this is not a
complete cure and the need for a stabilized
negative supply line is undesirable. It is a
merit of the arrangement of Fig. 2 that the
performance and V, are substantially in-
dependent of V¢ so that a stabilized supply
is unnecessary.

We have not so far discussed the possi-
bility of obtaining higher gain. For 4 = 10,
R¢/Rs = 9 ideally, and in practice probably
about 12. The effective bias line of 358 Q is
about the optimum for minimizing varia-
tions of g, so keeping this figure, we find
Rs = 390 Qand R; = 47 kQapproximate-
ly. For the bias line to start from 09V, as
before, ¥ must be 11-7 V. As V¢ must be
at least 2V, V. must be at least 14 V. All
this is quite possible.

It is unlikely, however, that the frequency
response would be adequate, and Ry could
certainly not be increased proportionately
to R without seriously affecting the res-
ponse. In view of the difficulty of maintain-
ing an adequate balance of the voltages at
the ends of R, it was regretfully decided to
abandon the circuit, and no work was done
in an attempt to obtain higher gain.

It should be pointed out that further
transistors are needed to couple the stage
to the output stage. The base of the output
stage is to be at 2:7V; the output of the
amplifier would be at 6-3 V. The amplifier
output is in the same phase as the input, but
the output stage gives a phase-reversal. It
is desirable that there should be no overall
phase-reversal, so the intermediate stage
should be phase reversing or a common
phase-reversing stage can be used after the
common outputs of the two channels.

Fig. 5 shows a very useful circuit for con-
necting two difficult voltage levels. From
the signal point of view it is a form of cascode
stage and gives phase reversal. For Try

Vg — Vegr = Iey Ry

and for 77,
Vi —Vapz = et e2) R
Vo= IczRez g
and the gain is nearly Rey/Rg;.
Also

Vegy = Vee—Ici(Rey 4+ Rey) — IcaRey
Veys = Vee—Ie1Rer—Ieo(Rer +R¢2)

The usual practical difficulty is to make
Vepy and Vg, large enough. Suppose,
Vg = 63V, V, =27V, and Vg, = Vg
= 065V with Vg = 10-5V min." Then
Iy Ry, = 565V. Suppose, Rgy = 1-5kQ,
then I, = 376 mA. If Rc, = 1-5kQ, I,
= 27/1-'5 = 1-8mA. Now for Tr,, let
Veg: = 3V. The collector is then 865V
above earth and we can drop only 10-5—
865 = 1-85V in Ry with a current of
376+ 18 = 556 mA, so R¢; = 332Q. We
thenhave Vg, = 10-5—1-85—2-7=595V.
The only thing wrong with this is that 330 Q
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is rather low for R.,. The loss of signal can
be corrected by increasing R, and fre-
quency correction can be obtained by shunt-
ing Rg; by a small capacitance (=~ 25 pF).
A shift control which does not affect the gain
can be obtained by making ¥V, variable. It
must, of course, be nominally 0-65V plus
the drop across R.; or 2:5V negative to
+ Ve and the supply must be stabilized
with respect to + V.. This is easily done
with a zener diode.

Thus, with an f.e.t. input stage we need a
minimum of one f.e.t. and three bipolar
transistors prior to the output stage. The
arrangement has been fully tried out and
with small capacitances across R (Fig. 3)
and Ry, (Fig. 5) an overall frequency
response down by only 3 dB at 10 MHz was
readily obtainable. The only fault lay in the
inability to maintain the current in the gain
control resistor small enough. It was felt
that if the circuit was used it would be
necessary to provide a balance adjustment
as a panel control. In view of this it was
decided to investigate other methods.

It may be asked at this point why the gain
control was not capacitatively coupled to
remove d.c. from it. This was actually tried
and abandoned. In the first place, because
of the low resistance values needed to
maintain the high-frequency response, at
least 500 uF is needed. This means elec-
trolytic types must be used and these have a
leakage current. This can be small initially
if their voltage rating is high compared
with the actual voltage across them, and a
trial showed it to be negligible. However,
according to the books an electrolytic
capacitor used on a low voltage gradually
reforms to a working voltage near to that
applied and then passes a relatively high
leakage current. If this does occur, it means
that after three months or so, there would
be excessive current in the gain control.

A second reason for avoiding coupling
capacitors is that it would be necessary to
include protective diodes and resistors.
Without them, there is no more certain way
of obtaining a heavy mortality in transis-
tors! The trouble occurs when switching
on and off. Protective circuitry not only
adds to the cost, but tends to reduce the
high-frequency response. We tried capaci-
tors without such circuitry and several
transistors died!

Before concluding this part, it may be
well to say a few words about another circuit

which was tried. The merit of this circuit,
Fig. 6, is that ideally there is no current in
Ry, which solves the gain control problem.
The circuit is usually used without R, and
Ry, but they were included so that the
currents in 7r; and 7r, would be better
determined.

Transistors Tr; and T, are supposed to
pass equal currents. Their base voltages
must be the same except for any difference
between Vyg, and Vyp,. Ignoring base cur-
rents, Ry, and Ry, must thus be returned
to substantially the same voltage. Now if
current flows in Ry, and Ry, from Tr,,
there must be a voltage drop across Ry, and
the base of Tr, will not be at the same
voltage as the base of Tr,. But the base
voltages cannot differ appreciably and so
there cannot be current in Ry, and Ry,.
Thus the collector voltage of Tr, to earth
is the same as the base voltages of 77, and
Tr,.

With the particular conditions of Fig. 6,
the base supply voltage for Tr, had to be
36 V compared with the base supply of
2-8V for Tr,, a difference of 0-8 V. In part
this may be accounted for by differences
of Vg, and Vpg,, but it was largely caused
by the high base current of T, (9 pA) in the
high base resistance (100 kQ). This alone
gave a bias difference of 0-9 V. In fact, the
transistor used for 7r; had A, = 55 only.

The gain of the stage is nominally 1+ R,/
Ry, and this is 3-45 for the values used. In
practice it is very close to this. The input
resistance is high and was measured to be
about 1 MQ. Both the input resistance and
bias difference could easily be improved
by using a higher 4, transistor for 7r,. An
improvement of about four times should
easily be obtained.

The gain increased with frequency and
was at least twice the low-frequency value
of 10 MHz. A flat response was secured by
adding the RC circuit across R, . The circuit
is a feedback one with three transistors in
the feedback loop. It is thus potentially
unstable. Theoretical design for stability is
very difficult because it would require a
detailed knowledge of all the transistor
and circuit parameters up to 100 MHz or
$0, and even then would be very laborious.
No difficulty was experienced in obtaining
the required frequency response in the
bread-board model but positive feedback
symptoms were certainly present and it was
felt that difficulties might well arise over

oo ]

100

VCC
R .
Cc1
1-2k .
Try Tr N
RC3
1.8k

Fig. 6. Three transistor circuit which gives a gain of about 3'5 times with an input
resistance of at least 1 MQ and, ideally, has zero current in the gain control.
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component tolerances. Further, the input
resistance was lower than desired and
although it could be made higher, it was
doubtful if it could be made high'enough.

The circuit is unquestionably an interest-
ing one and it was abandoned rather regret-
fully because it was felt to be too subject to
variation of performance from one ampli-
fier to another. We may be wrong about this
but we felt that we could not recommend
its use until we had built 20 or 30 specimens
to prove it. This was impracticable.

We, therefore, turned finally to an en-
tirely different kind of circuit. It had been in
our mind from the start, for it is an eminent-
ly designable circuit. It readily gave the
required performance and its only fault is
that it requires rather a lot of transistors,
but they are inexpensive bipolar types. The
development of this final amplifier will
be treated in Part 3, and all component
tolerances will be taken into account. In
the main these tolerances have not been
considered in this article because the pro-
cedure is rather tedious and one normally
applies it only when a design is approaching
finality.

Appendix

Under signal conditions, as distinct from
d.c.,

1'/in = Vs+ Vgs = V;s+ ldRs(l + lc/ld)_ iLRs

NOW I/gs = ld/gm
and

4 _ RARA+R)L/i;

i R.+R,+R,
Therefore,

A= ¥ - 8mRyir/iy
Vin 1 +ngs(1 + ic/id— lL/ld)

Now

Ry

iy  r,+Rp/h e
where 7, = 0-026/I, = emitter junction re-
sistance. A little algebra then gives

R
EmR(14Y) m

Ry +R/(1+Y)
Rc+RL+Rs

R,y

A =
1+g,R(1+y)

T T+gu R+ TR T+y | R +E,
1+g RcRs
" R+ R,
where Ro = (Rc+Rs) m

= output resistance.
If guR(1+y) > 1,y>1and R, » R,

R,
A= 1+E

R.R,

R+R, > 1

If, also, g,
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News of the Month

Far East hold on TV market
tightening

Sales of UX. manufactured colour
television receivers to the trade jumped by
46% in the first half of this year compared
with the same period last year; the
respective figures being 278,000 and
191,000, As expected there was a fall in
monochrome receiver sales during the
same period amountingto16% from
789,000. to 666,000, It will be interesting
to see what effect the recent relaxation in
H.P. restrictions and purchase tax will
have.on sales for the second half of the
year.

Looking at the overall picture things are
not so bright. In the first quarter of the
year total sales of British-made television
receivers showed a decrease of 16% over
the same period last year, 401,000
(484,000). In contrast imported receivers
are selling at treble the rate they did last
year.

The importers increasing dominance of
the radio receiver market again caused
decreases in U.K. produced equipment for
the first six months of the year, 323,000
(342,000). -

These figures were provided by the
British Radio Equipment Manufactuers’
Association.

If you can’t beat them . ..

At a conference held in London recently,
to discuss international harmonization of
component standards, delegates from all
nations present agreed that a world-wide
agreement on standardization should be
based on the system established by the
Comité Européen de Coordination des
Normes Electriques (CENEL). Delega-
tions representating the following
governments were present at the
Conference: Belgium, Denmark, the
Federal Republic of Germany, France,
Ttaly, the Netherlands, Sweden, U.K. and
the U.S.A.

‘Several nations have in the past few
years set up various committees with the
object of bringing national standards in
line with international standards. Our own

BS 9000, based on the second report of
the ‘Burghard Committee’ which was
published in 1965, is fully compatible with
the recommendations of the International
Electrotechnical Commission (LE.C.) of
which we were one of the creators. The
countries of the BE.E.C. and E.F.T.A. got
together to form CEN and CENEL and,
in addition, the governments of France,
West Germany and the UX. formed a
Tripartite Committee to discuss, com-
ponent standard harmonization.

At that time the American Electronic
Industries Association attacked the
Tripartite Agreement. Mr I. D. Secrest,
executive vice-president, made the
following statement: “The Tripartite
Agreement creates an absolute embargo
against exports of U.S. electronic
components to the UK., France and West
Germany. The agreement is not yet fully
implemented. There is time to prevent this
blatant violation of U.S. rights under
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.existing trade agreements from occuring if

there is strong and determined -action by
the United States” (See Wireless World,
July 1969, p. 303).

The action, we are pleased to say—to
complete the heading . . . is to join
them. Recently, two years after the E.L.A.
outburst over the Tripartite Agreement,
the L.E.E.E., gave its support to a pro-
posed bill, S.1798, before the Foreign
Commerce and Tourism Subcommittees
of the United States Senate, the purpose
of this bill is “to foster fuller U.S. partici-
pation in international trade by the pro-
motion and support of representation of -
U.S. interests in international voluntary
standards activities, and for other
purposes”.

Mr Sherr, manager of standards
operations of the LE.E.E., in commenting
on the bill said that “it should provide a
mechanism to allow professional societies
to effectively carry out such activity
[international standardization], an effort
for which technical societies are best able
to provide appropriately qualified
manpower”.

As the U.S.A. have now expressed the
desire, and this bill will give them the
means, perhaps we shall see, at last, some
truly international component specifica-
tions.

Two British i.c. plants to close

A cold wind blew through the i.c. industry
recently when GEC Semiconductors

The result of a recent fire at KEF Electronics packing and despatch department at

Maidstone. The fire was thought to be caused by some kind of elec

trical failure in the roof

and damage in excess of £80,000 was estimated. Within 24 hours of the disaster KEF
were delivering stocks to a new temporary warehouse and a new cabinet assembly line is
being set up with improved test facilities.
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announced that it was to close two of its
factories producing microcircuits. The
closures were announced because
increasing costs and falling prices led to
heavy losses. One of the plants to be
closed is at Witham, Essex; it has been
open only two years and cost upwards of
£2M to build. Also to be closed is a
factory at Glenrothes in Scotland. GEC
now intends to concentrate its microcircuit
manufacture at the Hirst Research Labora-
tories at Wembley, Middlesex. A» Witham
engineer said that this does have
advantages in that they will be in close
contact with Hirst Labs where a good deal
of semiconductor research is done and
they will be able to use an ‘in house’
Myriad computer instead of having to rely
on a rented terminal as they do at present.
It is likely that we will see GEC pull out of
standard i.cs, in which fierce competition
exists, and concentrate its resources on
custom designed i.cs which might result in
an expansion of its m.o.s. activities.

A large American  microcircuit
manufacturer recently told Wireless
World that the British i.c. industry is being
killed by its own customers. In America
and Germany, apparently, customers seem
to be prepared to pay a reasonable price
realizing that if the source of supply is not
to dry up the manufacturer must have
some profit margin, if only to recoup some
of the development costs. According to the
American manufacturer this does not
apply in Britain and customers tend to
beat down the price to rock bottom. This
argument does not apply to such lines as
t.t.L. where the manufacturers are waging a
fierce price cutting war themselves to the
customer’s advantage, but usually, to their
own disadvantage.

Electronic clocks and watches

A number of semiconductor firms are
actively engaged in research on all-
electronic clocks and watches with no
moving parts at all. Producing an
electronic timing ‘movement’ is easy, but
the real problem is how to display the
information—one can hardly go round
with four neon tubes strapped to one’s
wrist. In an attempt to solve this problem
a great deal of work is going on with liquid
crystals, but the potential market is so
huge that few people are saying anything
at this stage. One firm has said that the
future of one of its entire manufacturing
departments depends on achieving a
successful and economic answer.

Motorola have produced a development
prototype electronic clock that uses a
crystal oscillator for timing and integrated
electronics for division and display
driving, which will be the standard pattern
of things in all clocks and watches.

It employs 72 GaAs diodes for the
display. There is an outer circle of 60 to
display minutes and seconds and an inner

circle of 12 for the hours. Two miniature
batteries will last a year.

Another approach we have heard about
is the use of micro-miniature stepping
motors, consuming only a few microamps,
which drive conventional hands. We can
look forward to a great deal of interesting
activity as microcircuit manufacturers
strive to develop devices for' the very
large consumer market (watches, clocks,
cars, plus who knows what) in an effort to
stay in business. A company who can
‘steal a march’ on its competitors in this
direction could reap rich rewards and
perhaps use the extra income to’ finance
unprofitable industrial device productlon
lines.

)

New hybrid resistor pastes

The Electrical Research Association
(E.R.A.) has been trying to find materials
which can be used as resistors for thick
film hybrid microcircuits to replace the
precious metals which are employed at
present. Resistor pastes of precious metals
are normally used because they retain
their- electrical conductivity after being
fired in air. The electrical characteristics of
a large number of materials are seriously
affected by oxidization under these
conditions.

Work of E.R.A. has shown that certain
transition metal interstitials and some of
their oxides retain their conductivity after
being exposed to an oxidizing
environment. Transition metals are those

with the atomic numbers 22 to 30, 40 to

48 and 72 to 80 and an interstitial
compound of these is one where atoms of
small physical size (hydrogen, boron,
carbon, nitrogen, oxygen, etc) are situated
in the interstices of the parent metal
lattice.

E.R.A. have successfully made resistor
pastes with molybdenum boride and are
now proceeding to find other materials
with better performances and which are
€asy to process.

The reason for the behaviour of the
transition metal interstitials is not fully
understood, but E.R.A. think that the
interstitial material may act as a reducing
agent on the transition metal
counteracting the oxidizing effect of the
atmosphere during firing.

Facsimile transmission to
police cars

The Home Office and Bristol
Constabulary are co-operating in an
experiment to discover the value of
transmitting documents from headquarters

to police vehicles using the v.h.f. radio.
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system. Ten vehicles have been fitted with
facsimile receivers connected to the
normal mobile radio installations. The
system is capable of transmitting
documents of unlimited length but only
108mm wide such as sketches, maps
typescript, photographs, etc. :

Tall buildings v microwave
links

Post Office engineers are carrying out a
series of tests to find out what effects tall
buildings have on microwave links and
how these effects can be calculated. A
large number of factors are involved
including the position of the building
relative to the microwave link and the
height, shape and materials wused to
construct the building. A helicopter has
been fitted with a 9.4GHz radar modified
by the Radio and Space Research Station
for the job.

A ground :receiver picks up a d1rect
signal from the helicopter and the signal
which has been reflected by the building
under investigation. By altering the
position of ‘the helicopter it is possible to
measure the building’s radiation pattern.
At Romford one building produced a
reflection which was only 8dB down on
the direct signal; enough to cause severe
interference,

Ideas catalogue

A directory of computer programmes for
solving scientific problems is available
from Peter Peregrinus Ltd (P.O. Box No.
8, Southgate House, Stevenage, Herts, SO1
1HQ) following an agreement with Science
Associates International (New York). The
directory, called ‘Computer programmes
in science and technology’, enables in-
formation to be obtained on how others
have used a computer to solve particular
problems.

Heatsink court case

Marston Excelsior Ltd has won a court
action, under the design copyright. act,
against Waycom Semiconductors Ltd and
Advance Electronics Ltd. The case
concerned the manufacture of extruded
aluminium heatsinks which were registered
as Marston Excelsior model 10D. The
court order restrains Waycom and
Advance from manufacturing heatsinks to
this design and instructs these companies
to surrender to Marston Excelsior the
heatsinks which infringe the copyright. In
addition related drawings, catalogues etc.,
have to be destroyed.
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

F.E.T. audio oscillator

The design by Mr. A. J. Ewins of his
f.et. audio-frequency oscillator in Wireless
World for March, 1971, was most
interesting.

The appended circuit may prove of
further interest as the simple, economical
arrangement gives extremely good results.

“The direct-coupled amplifier has its
quiescent operating bias conditions set
by adjustment of the preset resistor R,.
Initially this is adjusted to give half the
supply voltage at the emitter of Tr,.
Ultimately this control can be further
adjusted for minimum distortion from the
oscillator providing that a suitable dis-
tortion measurement instrument is
available. ‘

The amplifier has moderate gain but
low distortion when the overall negative
feedback loop via the thermistor is open.
This is due largely to the local inverse
feedback circuits in the individual stages.
The thermistor feedback loop is then
relieved from controlling large and violent
variations in gain due to transient con-
ditions such as range switching or rapid
tuning dial excursions.

Jitter accompanying frequency adjust-
ment, familiar (and annoying) in most
thermistor controlled RC oscillators,
is considerably improved by the above
means. This improvement is also assisted
by the fact that only one RC time constant

R,,-C,, is present in the negative feed-
back loop. The combination gives an
oscillator substantially free from tuning
jitter. .

There may have been good reasons
for the choice of a \/ 10 tuning ratio in
Mr. Ewins’ design, but it is generally more
useful for a 10:1 frequency range to be
available. Using a 450 pF double-gang
variable capacitor and 22MQ resistor
for the lowest range, frequencies from 15
to more than 150 Hz can be generated.
For the other four ranges the resistors
are progressively reduced in decade steps
so that the top range of 15 to 150kHz
employs 2.2k  resistors.

The frame of the variable capacitor
must be insulated from earth as it is con-
nected to the gate of the f.c.t. The tuning
capacitor, range switch and associated
resistors are vulnerable to hum and other
stray field pick-up and thus should be
carefully positioned. It is preferable to
locate these components within a shielded
compartment which should, however,
not add too greatly to the stator-to-earth
capacitance of the tuning capacitor. This
would limit the highest frequency attain-
able on each range. The stator-to-earth
stray capacitance and the input capaci-
tance of the f.e.t. should in any case be
compensated by adding a trimmer of
similar capacitance across the top section
of the tuning gang. ’

The oscillator described has a range
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of 15 Hz to more than 1.5 MHz covered in
five decade ranges. It has an output of
1V r.m.s. at low impedance. Total harmonic
distortion, measured at random spot
frequencies on each range, using a Hewlett
Packard 333A Distortion Analyser, was
between 0.05 ‘and 0.09%.

V. R. KRAUSE,

Johannesburg,

South Africa.

Ceramic pickup equalization
While I would endorse Mr Burrows’ con-
clusions in his article ‘Ceramic pickup
equalization’, part 1 (July issue), I would
like to point out that his efficiency calcula-
tion is not valid. He has calculated the input
power to the cartridge by multiplying the
r.m.s. velocity by the component at 45° of
the tracking force. Unfortunately he has
overlooked the fact that there is no net work
done against the tracking force, because the
work done against the force by the groove
modulation on one half-cycle is returned on
the next half-cycle. The tracking force is
merely holding the stylus in the groove and
has nothing to do with the cartridge input
power.

If this is difficult to visualize, imagine a
mono signal. This is at 90° to the tracking
force and therefore can do no work against
it, but yet there is still an output from the
cartridge.

Electrical output
Record from
compliance piezo element

|
Dynamic : Cartridge 3

r
i
1

Groove mass : jcompliance
modulation |

_—
Hookean :
component Hysteresis

What the groove modulation ‘sees’, in
terms of mechanical impedance, is the
dynamic mass of the stylus assembly, the
compliance (or rather the stiffness) of the
cartridge, and the resistance to movement
which is converted into electrical output.
The question is whether or not the latter is
significant in comparison with the former
two.

The compliance can be resolved into two
parts; the “Hookean’ component in which
displacement from the mean position is
proportional to the force applied, and the
‘hysteresis’ (or damping) component, in
which displacement from any position is a
function of applied force and change of
applied force. A simplified electrical
analogue of the systemis shown in Fig. 1.

No work is done against the dynamic
mass or the Hookean component of com-
pliance, because the forces and velocities
involved are 90° out of phase, e.g., stylus
acceleration is zero when the velocity is
maximum, and vice-versa. Therefore, the
only work done against the compliance is
against the hysteresis part. Forces and
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velocities associated with dynamic mass
and Hookean compliance result only in
‘reactive’ dyne cm, no actual ergs of work
being done. Without knowing details of the
hysteresis, the efficiency cannot be calculat-
ed, but what can be done is to compare the
electrical output in ergs/sec with some of
the ‘reactive dyne cm/sec’.

For a Deram, the stiffness (1/compliance)
at 45° is about 0.16 X10® dynes/cm. At

1kHz and 20 cm/sec r.m.s. velocity, the

r.m.s. force required to overcome the stiff-
ness, assumed Hookean, is 500 dynes,
resulting in 10,000 ‘reactive dyne cm/sec’.
Assuming the stiffness to be Hookean
results in the minimum number of dyne
cm/sec for the given value of stiffness.

Now the maximum output from a Deram
under these conditions is 1.1¢W into 270
kQ. This is 1.1 x 1076 J/sec or 11 ergs/sec,
so taking maximum power from this
cartridge has a similar effect on the damping
to connecting a resistor taking 11W across
a tuned circuit involving 10kVA, i.e. a very
small effectindeed!

Unfortunately, if weregard a cartridge as
a series of black boxes, we conclude that the
effect of loading is dependent on the char-
acteristics of the last black box (i.e. the
piezoelectric element in the case of a ceramic
cartridge) and its coefficient of coupling
with the previous black box, rather than on
the efficiency of the whole system. Pre-
sumably - manufacturers realise this and
ceramic cartridges are independent of
loading, not inherently but as a result of
design.
H. C. MIRAMS,
Bradford,
Yorks.

The author replies:

I was interested to read Mr. Mirams’ com-
ments on the efficiency calculation, and he
has rightly pointed out that the basis of the
calculation was not sufficiently well ex-
plained to be rigorous. He is right in saying
that there is no net work done against the
tracking force (i.e.- power=% F and not
¥ F) but of course there was nothing in
the article to infer that the calculation was
made assuming it to be a cross product.

Mr., Mirams is, I am sure, mistaken in
believing that the tracking force has nothing
to do with the cartridge input power. On the
contrary, the tracking force is a good meas-
ure of the forcenecessary to keep the needle
in contact with the groove walls (mono or
stereo) and is therefore a direct measure of
the lateral forces on the needle. So by know-
ing the tracking force, one knows the force
necessary to keep the stylusin the groove at
maximum modulation velocities and the
calculation was performed for this case.

Taking Mr. Mirams’ second point that no
work is done against the dynamic mass or
the Hookean component of compliance,
this is of course true, work is done when
there is hysteresis or damping present. I
think where I would disagree is in the rela-
tive magnitude of the resistive and reactive
components of the needle tip mechanical
impedance. In the vicinity of 1kHz this im-
pedance is mainly resistive and was assumed
wholly resistive for the calculation. It is

mainly resistive here because at around
1kHz the two reactive impedances (i.e. the
compliance and the dynamic mass) cancel
out as in a series tuned circuit at resonance;
s0, to avoid a high Q resonant system,
considerable damping has to be added to
the pickup system.

Mr. Mirams® very s1mphﬁed electrical
analogue—which' rather confusingly used
capacitance as the analogue of mass, where
it is conventional to use inductance as the
analogue—should be compared to Mr. S.
Kelly’s electrical analogue as published in
W.W. December 1969 which shows the
number of damping elements present in a
conventional stereo ceramic pickup.

Finally with reference to Mr. Mirams’ last
paragraph, it can be seen that this point
was made in the original article under the
heading ‘Reasons for low efficiency’.

. I certainly endorse Mr. Mirams’ conclu-
sion that ceramic pickups are independent
of loading by design, but the main point
which I tried to put over in the article is
that this is a natural outcome from making
an aperiodic transducer, and is not achieved
by special design effort separate from the
essential one of achieving non-frequency—
dependent action.

B.J. C. BURROWS,

Diagnosis of logical faults

I read with great interest the first part of
‘Diagnosis of Logical Faults’ by R. G.
Bennetts (July issue) and readers may
find the following comments pertinent.
The circuit used to illustrate the various

Fig. 2. Multiflow testing

procedure produced by CLOIS.

e
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methods is reproduced in this letter as
Fig. 1. This circuit was used as data for
one of our standard programmes, CLOIS*,
that generates automatically a multi-flow
testing procedure from the circuit des-
cription using the fault matrix method.
The resulting testing procedure is shown
in Fig. 2. It can be observed that five tests
are used to detect all faults, namely z,,

‘t5 t;, &, and t, instead of the four tests

that Mr. Bennetts suggests. The differences
arise from the fact that when a node has
a fan-out of greater than one Mr. Bennetts
does not consider any extra faults whereas
CLOIS inserts more faults. For instance
input (a) is connected to G,, G, and G,
and a fault could be that gate G is not
connected to node C, but it is connected
to logical O instead. By considering such
faults another ten faults can be introduced
into’ matrices F and Gp. However, the
problem can also be reduced considerably
as Mr. Bennetts later suggests. By deleting
identical rows matrix F needs only thirteen
rows including the extra faults due to
fan-out. The two extra rows are:

(1) f;;—connection to C, of gate G, s-a-1
which is identical to connection to C, of
gate G, s-a-0, and

(2) fis——connection to C, of gate G, s-a-0.

The extensions to the F and Gpmatrices
are shown in Figs. 3 and 4. From Fig. 4
it can be seen that fault f;, is detected
only by #, and therefore ¢, is also an
essential test; t, also detects the presence
of fault f,,.

This demonstrates that the minimal
detection test set of Mr. Bennetts is only
minimal for the particular faults he con-
sidered and that some simple faults are not
detected by such a test set.

*Boyce, Emmerson, Stringer and West: ‘Simulation
of binary logic circuits by digital computers’, The
Marconi Review, Vol. XXXIV, No. 181, 2nd.
Quarter 1971, pp. 121-142.

No fauits found
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Test f17 f.
to 1
t, 1
to 1
ts O
ta 1
ts 1
ts 1
ty 1

Fig. 3. Extra columns Jfor matrix F.

test  (fo f1e) (fo fia)
to

ty

to

ts

tg 1 1

ts 1

te

ty

Fig. 4. Extra columns for matrix Gp.

It may be of interest to mention that
for this example CLOIS took eight sec-
onds to compile the circuit data and fifteen
seconds to generate the multi-flow testing
procedure. The computer used was an
ICL 4/70.

There are two further points in the
article which are misleading. The exten-
sion of the fault matrix method to produce
multi-flow testing procedures does not
require as much storage as Mr. Bennetts
mentions. The CLOIS programme used
two matrices F and Gp of sizes 8 X 14
and 8 X 13, respectively, as compared
to Mr. Bennetts’ 8 X 136.

During the discussion of the path
sensitizing method for fault f; it is found
that #,, ¢ and ¢, all can detect the presence
of f,. It is then suggested that #, (or f5)
is used as this detects seven faults. If
columns had been ignored if they are
identical with previously entered columns
then he would argue that £, and {, detect
three faults each and ¢, detects four faults,
therefore he would have picked ¢, instead
of t,. The resulting minimal set would
then have been ¢, &, I, ¢,. It was just by
chance, although fortunate, that his mini-
mal set by the path sensitizing method is
the same as that obtained by CLOIS.

The final point is that the footnote on
p.327 should be

nlin + D2 = @ + n)2
A. H. BOYCE,
Research Division,
Marconi Company,
Great Baddow,
Essex.

The author replies:

It would appear that Mr. Boyce has
misunderstood the purpose of the article.
It was written as a tutorial introduction
to digital circuit fault diagnosis and was
not intended to be an exhaustive treatise

—indeed, if he now reads Part IT published
last month, he will see that I have in fact
referred the reader to not only a more
general review paper but also separate
papers for each technique.

Returning to Mr. Boyce’s comments
in detail, he is of course absolutely correct
in considering separate faults on fan-in/
fan-out lines—a point I made in the foot-
note to col. 3 p.326.

I believe also that Mr. Boyce has con-
fused ‘multi-flow testing procedures’
(defined on p.326) with the formation
of the Gz, matrix. The theoretical maximum
for this matrix is, as stated, 8 X 136. This

%
nt1 and although some
@)

reduction based on indistinguishable fault
sets can be effected, it is inconceivable
that this would reduce to the same size
as the Gp matrix. What Mr. Boyce has
in fact done, is to create a partition based
on the F and Gp matrices, i.e. he has com-
bined the two techniques of fault matrix
and partitioning to derive a detection test
set in a similar manner to that indicated
by me in Part II (compare the form of his
Fig. 2 with my Fig. 11).

The times quoted by Mr. Boyce for
deriving the test set using CLOIS are
interesting. The approach at Southampton
University is based primarily on the
Boolean Difference technique and for
the circuit in the article the programme
takes 11 seconds to accept a topological
description, derive the Boolean expres-
sion and then proceed to manipulate this
to eventually generate a detection test
set. This is using the University’s ICL
1907 computer.

One final point. The equation in col: 1,
p.327 should read:

t,f}-+ tfy=1

R. G. BENNETTS.

is given by

#This is an alternate form (used by Kautz incident-
ally) for n+1€2 and unfortunately, the printer
thought I had omitted the dividing line.

Sonic scanning for tubeless TV
It was with interest that I read the article,
“‘Sonic scanning for tubeless TV’ by J. J.
Belasco, in the July issue. It reminded me of
the work done some 10 years ago by
Stephen Yands.

A similar flat device was built by him that
utilized sonic scanming to display video
information on an electroluminescent
phosphor (see: ‘A solid-state display device’,
Proc I.R.E. Vol. 50, No. 12, Dec. 1962).
Basically, it consisted of a piezoelectric
ceramic sheet covered with an electrolumin-
escent phosphor, and sandwiched between
a transparent viewing electrode, and a
ground electrode. This was scanned by
launching travelling elastic waves into the
piezoelectric material. A spot could be
produced by launching two travelling waves
orthogonally, and selecting the increased
amplitude at the intersection by a discrim-
inating medium. By varying the relative
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timing between the orthogonal waves, the
spot could be made to scan araster.

To my knowledge, although crude
Lissajous figures were displayed on such a
panel, it never reached the stage of produc-
ing acceptable TV images. This panel was
a continuous sheet of piezoelectric material
since provision was made for two-
dimensional sonic scanning. The one-
dimensional sonic scanning array of 625
horizontal strips proposed in the article
might possibly provide a better solution.
However, the complexity of the number of
interconnections and transducers could
prove to be a stumbling block.

G. O. TOWLER,
Broomfield,
Chelmsford,
Essex.

Broadcasting frequencies

1 should like to endorse, with onereserva-
tion, the sentiments of Mr. Higham’s
remarks on B.B.C. medium-wave broad-
casts (‘Letters’, June issue)

The bad reception, owing to East German
and Albanian interference, and phase dis-
tortion, renders intolerable reception in
many parts of the country. The proffered
alternative, the f.m. service, is always ‘loud
and clear’—but a weakness lies in the poor
choice of programmes provided. For ex-
ample, on one occasion recently, tuning into
v.h.f., there was only one programme (jazz)
to listen to. Radio 2 was being relayed on
Radio 3, and Radio 4 had closed down.
This broadcast occupied no fewer than nine
frequencies in Band II together with two
a.m. outlets; a grand total of 11 simultan-
eous broadcasts! Three of the above fre-
quencies were those of B.B.C. local radio
stations—which relay from Radios 14 on
average 60-70% of their broadcasting
time. One wonders what could be less local
than the relaying of national programmes.

Possibly, the long-awaited ‘shot in the
arm’ for the B.B.C. could well lic in the
creation of healthy competition with the
promised commercial radio services.

However, I must condemn the concept.
of ‘pirating’ any odd frequency to hand.
This is the law of the jungle, and causes
interference. What is needed—after 23
years—is a complete re-appraisal of the
broadcasting plan by the countries involved,
and a new scheme drawn up. Following this,
coupled with the new commercial stations,
sound broadcasting could have a very
bright and interesting future.

STEFAN WORONIECKI,
Lancing,
Sussex.
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Circuit Ideas

Level-conscious

trigger system

Schmitt triggers can be coupled together
to make a channel selector governed by
input signal amplitude. Although shown
for d.c. triggering, adaptation for a.c.
operation is possible. In Fig. 1 three
Schmitt circuits are set to trigger at different
voltage inputs. As shown, the higher trigger
voltage will also trigger the circuits
requiring lower trigger voltages. Fig. 2
shows inhibit feedback current circuits.
These are used to short circuit the un-
wanted outputs as shown in Fig. 3. Diodes.

CHANNEL 1
Triggers
o] at 0-5V ) Qutput 1
Single source CHANNEL 2
stepped d.c.
signal Trigge
0:5,1,1:5V — o9y o output 2
>4 at 1V

CHANNEL 3

Tr
- rc;ltg‘lg;\r}s 0 Output 3

Fig. 1
Input

*signal

CHANNEL1 CHANNEL 2 CHANNEL 3
1 nput Input Input
< Output «— Output <«— Output

O/P1 [ V<IP2 o/F3 ¥
3
X1y z

pd

Schmitts

Fig. 2

Other
channeis

are required to isolate the output circuits
of channels 2 and 3 from each other. Signal
differentiation greater than 0.2V can be
achieved with careful trigger design.

A. R. BIDWELL,

West Molesey,

Surrey.

High input-impedance Schmitt
trigger

The need for a high input-impedance
trigger circuit is quite common and the
usual approach involves using a field
effect transistor as a buffer for a bipolar
transistor Schmitt or an i.c. comparator.
Designs using a junction f.e.t. or m.o.s.f.e.t.
in both stages of the Schmitt are not
common due to the wide spreads and low
mutual conductance of these devices.
Recently silicon-gate field-effect transis-
tors have become available with threshold
voltages of 1 to 2V. This spread is
sufficiently low to enable the conventional
Schmitt circuit to be used. In the circuit
shown a silicon-gate pair (M1202, G.E.C.
Semiconductors) is used in a standard
Schmitt configuration. The circuit differs
from normal bipolar transistor practice
in only two respects. The resistance values
are an order of magnitude higher to allow
for the lower mutual conductance of the
field-effect transistors and a series input
resistance is provided to limit the forward
current of the internal protection diode
of the M1202. The series resistance is
necessary if the input signal is allowed
to have a positive polarity with respect
to ground. For a negative-going signal
the input current to the Schmitt is
typically less than 100pA. The input current

D.C. input
signal

Output 1

Feedback from
channel 2 output

Feedback from
channe| 3 output

O+

CHANNEL 1

Channel inhibiting

transistor (C.I.T.)

Fig. 3
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—-10V

is due to the reverse leakage current of the
M1202 pratection diode. The low thres-
hold voltage of the silicon-gate transistors
enables the circuit to operate from supply
voltages as low as 5V. With the supply
voltage and resistance values shown the
circuit provides an upper trip point of 4V,
a lower trip point of 3.1V and rise and
fall times of less than 1us.

J. A. ROBERTS,

J. DRISCOLL,

Witham,

Essex.

Wirewound ‘log’ pot

Carbon-track potentiometers when used
as volume controls often have a very
limited life and develop ‘intermittents’
and crackles. Wire-wound controls are
much better in this respect, but
unfortunately only linear laws are
commonly available, and these are not suit-
able for faders. An approximation to a

5R total, centre
tapped

Vout

40
I

Theoretical 10% log'

30 \\‘ / |
N Centre tapped linear

20 —\—N b
=X
\\ "
> \\\
19 |~ < N
\\
\\

Attenuation (dB)
,

o] 20 40 60 80 100
Percentage rotation

logarithmic law can be obtained by
using the arrangement shown. The wire-
wound track can be centre-tapped quite
easily in cheap controls by taking the
back . off and exercising = some
ingenuity! Although a better approx-
imation to the °10% log’ law could be
obtained, (the kink in the curve shows
up as a noticeable jump in the sound when
doing a fade) the present arrangement
seems to be the best compromise.
D.C.HAMILL,

Southampton.
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Frequencies for Space Communication

World radio conference in Geneva

by D. E. Baptiste*

The first administrative radio confer-
ence to allocate frequencies for space
telecommunications was held by the
International Telecommunication Union in
1963, only six years after the original
sputnik first orbited in . space. That
conference successfully provided frequen-
cies and the necessary technical and
regulatory provisions to enable Intelsat to
come into being as a commercially viable
organization. The facility by which
bundreds of millions of the world’s
population ‘have seen the Olympic games
and- the various Apollo missions on
television has become so familiar in a
relatively short time that it is easy .to
forget that radio communication through
outer space was unknown a decade ago.

Apart from communication satellites,
such as Intelsat and the Russian Molniya,
there have been meteorological satellites,
satellites used for space research, and the
use of space techniques by amateurs. The
1963 conference also provided additional

. frequencies for Radio Astronomy.

Second space conference ,
The rapid operational and technical
development of these space services and
the possibility of using satellites for new
services made it mecessary for the
Administrative Council of the LT.U. to
convene a further world administrative
conference. Its main .purpose was to
provide more frequencies for existing
space systems (like Intelsat) to allow for
growing traffic needs for international
telephone and telegraph traffic and the
relaying of television programmes; and for
the growing needs of other services such
as space research, radio astronomy,
meteorological satellites, amateurs and the
aeronautical satellite service. Furthermore
frequencies were needed for new satellite
services: maritime-mobile, broadcasting
and earth exploration. In addition the
conference had to draw up the necessary
technical provisions to enable the new
frequency allocations to be used
successfully; and to provide regulatory
procedures for co-ordination between
administrations and the notification and
recording of frequency assignments..

*Head of the Radio Regulatory Division, Ministry of
Posts & Telecommunications, and leader of the UK.
delegation to the Geneva conference.

-various

The conference assembled, with over

700 delegates from 100 countries, at the
Palais des Expositions, Geneva, on the 7th
June. In attendance there were the usual
officials of the L.T.U. and a sprinkling of
observers of the United Nations and other
interested international organizations to
see fair play. The conference got off to a
good start under the experienced
chairmanship of Gunnar Pedersen,
Director General of the Danish P.T.T.,
who had also been chairman of the 1963
conference. No time was lost in breaking
down into committees and thence into
working groups, so that in a matter of
days delegates were deep in discussion on
the. main aspects.
_ From the technical point of view it was
essential to get down to an early
examination of the technical criteria for
sharing between space systems and
terrestrial services and for sharing between
space systems so that the
delegates concerned with frequency
proposals, particularly proposals for new
services, should know what was
practicable. There wér_e other delegates,
concerned with regulatory
procedures—co-ordination between admin-
istrations, notification and recording of
assignments_ etc.,—who needed to know
what technical factors should influence
their thinking. This was not a one-way
process. As the conference progressed
there was inter-action between the
frequency and regulatory committee and
the technical committee. In addition there
was the main task for the technical
committee of considering specific technical
proposals from administrations in the light
of the preparatory work of the Special
Joint Meeting of the  C.C.ILR. held in
Geneva in February /March 1971; and
necessary revision of the technical
provisions of the Radio Regulations.

The frequency committee and its main
working groups broke down the many
frequency proposals of administrations
into subject matter. The most important
task was to find more space for the
communication-satellite service (to be
known as the fixed-satellite service). The
conference recognized that the frequency
spectrum up to 10GHz was so crowded
that there was no scope for introducing
more wideband space services. The first
relief bands to provide for the next

generation of fixed satellites were therefore
found between 10.95 and 14.5GHz. The
importance of a band below 15GHz is
that it is not so affected by rain in
temperate climates as frequencies higher
up the spectrum. In Region I, which
includes western FEurope, these bands
consisted of three separate 250 MHz
segments at the lower end, mainly for use
in the space-to-earth -direction, and one
S500MHz band (14-14.5MHz) in the
earth-to-space direction. The apparent
imbalance between the down and the up
bands is explained by the fact that
different down bands might be employed
in working to an inter-continental satellite
between the Americas and Europe from
those needed for a FEuropean satellite
occupying a different arc of the sky. Two.
of the down bands are also allocated in the
earth-to-space direction so that they can
be used for feeding broadcasting satellites.
This makes for maximum use of the
spectrum. ‘

The next relief band-—for the third
generation of fixed-satellites—was found
between 17 and 31 GHz. A total of
2,500MHz of spuace each way (1000MHz
shared with terrestrial services and
1,500MHz exclusive) was provided. At
these frequencies local rain storms can
blot out reception. It will be necessary to
provide more than one earth station at
each terminal, separated by sufficient
distance from each other, to avoid this
hazard. These frequencies are therefore
likely to be used only for high cost
intercontinental traffic of the Intelsat type.

Allocations up to 275GHz

The present Radio Regulations allocate
frequencies only up to 40GHz. The
spectrum above that is affected by the
earth’s atmosphere so that communication
between earth and space is not generally
practicable. There are, however, some
exceptions to this rule inasmuch as at
certain frequencies there are windows in
the atmosphere that permit communica-
tion. The conference provided allocations
in these windows for fixed-satellites (a
total of 32GHz) stretching from 40 to
275GHz. In addition frequencies were
allocated for space-to-space links, (over
50GHz) on the space side of the
atmospheric fence, away from these
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windows. Although these frequencies are
not likely to be brought into use within the
next 10 years, both the U.S.A. and Japan
stated they were working on satellites
which would use them. It was important
that the conference should fix the
allocations so that system design could
proceed.

Some countries had a need for a small
allocation of frequencies for fixed satellites
at around 2000MHz to enable a satellite
system carrying a small traffic load to be
used in sparsely populated regions, like
Alaska and the Yukon, where there is no
existing terrestrial network to conflict with
the earth stations. The conference found
two small frequency bands 35MHz wide
in the band 2500-2690MHz for this
purpose outside Region I and provided
safeguards for countries whose terrestrial
systems might be affected.

Space research and radio astronomy

Additional frequency space was provided
for space research and radio astronomy
ranging from a small 20kHz radio
astronomy band at 21MHz right up to a
band for Radio Astronomy and Space
Research at 230-240 GHz. Of particular
concern to the U.K. was a U.S. proposal
for space research in the important
1750-2290MHz  band. The American
requirement for an additional 185 MHz in
the up direction and 90 MHz in the down
direction could have played havoc with
this band, which is heavily used in Europe
for public telecommunication radio-relay
services. There is a fundamental technical
need for frequencies for the penetration of
deep space to be kept below 2300 MHz.
The conference recognized this but kept
the frequencies out of Region I except for
85MHz allocated to Spain. This effectively
limits the location of the one high-power
station required in Europe to the country
in which it is at present located.

Maritime mobile satellites

For the first time frequencies were
allocated to the maritime mobile satellite
service. A small allocation, in the v.h.f.
band used for international shipping, was
made for safety and distress purposes.
Two bands, 7.5MHz in each direction,
were allocated between 1535 and
1660MHz, with two small bands (IMHz
each) for combined use by maritime and
aeronautical mobile satellite. This should
provide a satisfactory service for the larger
ocean-going ships. It is not likely to be
introduced before 1978 but would provide
welcome relief for the congested and
unsatisfactory h.f. band. It could provide a
reliable high-quality 24-hour-a-day service
integrated into the public automatic
telephone network.

Aecronautical mobile-satellites

The conference allocated two 15-MHz
bands for use by aeronautical
mobile-satellites for civil aircraft in the
1535-1660MHz  band. This should
provide adequate frequency space for the

development of satellite communications
for aircraft.

Earth-exploration

This is a new type of satellite service
including
(a) the meteorological satellite, controlled
from the U.S.A. but giving information to
world weather forecasting centres, one
of which will be in the U.K.; and
(b) other earth-exploration satellites used
for obtaining information about the
earth-mineral resources, land and sea use,
detection of agricultural diseases,
atmospheric and water pollution, etc. The
information is obtained by satellites from
sensors on the earth or in the air and
relayed to earth stations.

Frequencies for all these uses were
allocated by the conference.

Broadcasting satellites

Frequencies were allocated for the first
time for this service in which distinction
was drawn between individual reception,
requiring very high powers, and
community reception in which relatively
low powers would be needed. The latter is
important as the conference would accept
the use of broadcasting satellites in certain
bands only on the basis that community
reception would be used.

The conference accepted the use of
broadcasting satellites in the television
uw.h.f. band between 620 and 790MHz,
subject to agreement among administra-
tions concerned and affected, and laid
down a stringent power limitation to
protect the terrestrial broadcasting
receivers of other countries. The interest of
western Buropean countries was to avoid
interference from satellites in this band
with their extensively developed broad-
casting networks.

Band 2500-2690MHz was allocated to
broadcasting satellites for domestic and
regional systems for community reception
only, with power limits to protect
terrestrial services of other countries. This
should be the main band for developing
countries and sparsely populated
territories in advanced countries where a
terrestrial broadcasting network would be
too costly.

The main band for broadcasting
satellites for use by advanced countries in
western  Europe will be from
11.7-12.5GHz. This 800MHz has been
allocated in Region I on an equal primary
basis to broadcasting satellites, broadcast-
ing, fixed and mobile (except aeronautical
mobile) services. The conception is that
there should be a frequency assignment
planning conference as soon as
practicable. At this conference the
countries of Europe could decide how
much of the 800MHz should be devoted
to European or regional coverage and
how much to national coverage; for
example, 800MHz is wide enough to
enable each country in western Europe to

have four programmes, because
at these frequencies very narrow
beams can be wused and channels
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can be repeated at suitable distances.
A new footnote in the Radio Regu-
lations provides that the terrestrial
services will be in effect on a secondary
basis to the broadcasting satellite service
during the frequency planning process so
as not to inhibit the planning. Once the
plan has been settled, countries will know
what frequencies remain outside the
channels allocated to them and
neighbouring territories for broadcasting
satellites. These can then be planned on a
national basis for their terrestrial services.
Broadcasting satellite channels can be
exploited in the first instance for
community reception and later used for
more powerful satellites giving individual
reception to homes when this becomes
technically and economically feasible.

The conference also allocated
frequencies for broadcasting satellites
higher up the spectrum, at 22.5-23GHz
(Region 3 only) 41-43GHz and
84-86GHz. But these are for long-term
study and development rather than for use
in the foreseeable future. As regards
broadcasting satellites generally, the
technical and regulatory constraints
prevent broadcasting to other countries
without their consent.

Amateur satellites

The conference agreed to the use of
satellites by amateurs in the h.f. bands
allocated exclusively to amateurs on a
world-wide basis (7, 14, 21 and 28 MHz)
and one higher band at 24-24.05 GHz.
But the most useful allocation was at
435-438 MHz which can be used in
conjunction with the existing 144-146
MHz band.

Summary

To sum up, the conference, which
concluded its six weeks sitting on 17th
July, allocated all the important
frequencies needed for the continued
growth of the Intelsat system for the
foreseeable future and beyond; for the new
European system if it is required; and
provided frequencies for use by new
services with adequate safeguards to
terrestrial services where safeguards are
needed. The revised Radio Regulations
will come into force on 1st January 1973.
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Elements of Linear Microcircuits

-11: F.M. radio receivers

by T. D. Towers,* MB.E.

The electronics design engineer working in
the domestic radio field is turning away
from discrete transistors to the numerous
special-purpose linear i.cs which are now
available. However, it is evident that an
i.c. for domestic radio application must
meet quite a number of special constraints.
® It must be lower cost to the set
manufacturer than discrete-component
assemblies. '

@ Must be capable of being ‘second
sourced’.

® Its throw-away value must not be too
high to permit economic servicing.

@® Reliability should be higher than
discrete assemblies.

@® It should be able to work over widely
different voltage rails (which usually
means internal voltage regulator stages).

® Current consumption should be as

R. L. Petrosky and R. Wood (of
Philco-Ford) in LE.E.E. Transactions on
Broadcast and Television Receivers, July
1968, Vol. BTR-14, No. 2 pp. 95-103.

Initially set designers tried to wuse .

general purpose professional linear i.cs
(such as the HA703 and MC1550) for
domestic receivers, but were unsuccessful
because they were too costly.

Next, industry turned to developing
special i.cs for high-performance
professional f.m. applications, such as the
RCA CA3076 10.7MHz high-gain
amplifier limiter and the CA3075 amplifier
limiter detector. These could be integrated
into excellent high-gain f.m. systems but
the assembly costs could not compete with

conventional discrete transistor assembly
in domestic f.m. sets. (A full description of
the CA3075/6 and their applications can
be found in ‘High-performance integrated
circuits for high-gain fm.-if. systems’ by
R. T. Peterson in LE.E.E. Transactions on
Broadcast and Television Receivers, Nov.,
1970, Vol. BTR-16, No. 4 pp 257-263.)
Another interesting development that
pointed the way to current practice was
the Fairchild set of i.cs H A717, 718, 719,
and 720. These were all the same basic
monolithic chip with different internal
metallizing interconnection patterns which
produced devices for various television,
fm. and a.m./f.m. applications. You can
find more detail of these in ‘Novel

low as discrete designs because

From ipli
g P : , M. .. O— Muitiplier | E F
dry'battery operation. is qften required. i.f. amplifier D |coincidence Integrator o
(This can conflict with the different voltage detector o &;ut

rail requirement.) B

@ It should be designed for easy =

handling, testing, installation and removal. | -
Before the linear i.c. arrived, a.m./f.m. |

set manufacturers had already had Phase shift r

network

experience of block modules made with
discrete components in the Mullard ‘LP’
range (LP1169/79 f.m. tuner blocks and
LP1164/65, 1170/71 a.m./f.m. if. blocks).
As a result, they had already solved some
of the assembly problems involved in
changing over from traditional separate
component assemblies to the use of
functional assemblies—which is after all
what i.cs are.

Partitioning a.m. /f.m. receivers

Different manufacturers adopt different
approaches to the problem of how to
divide up receiver functions for the
separate i.c. packages required to make
up the set. Until some degree of
standardization is reached all we can do at
this stage is to look at some typical
examples.

If you are interested in the detailed
problems of partitioning f.m. domestic
radios, you will find a useful discussion of b) (e)
the topic in ‘A.M./F.M. monolithic
receivers’ by P. E. Hermann, L. H. Hoke,

Fig. 1. Coincidence (quadrature) f.m. detector system suited to i.cs in fom. receivers;
(a) simplified block diagram; (b) practical i.c. realization of half-wave detector;

* Newmarket Transistors Ltd (¢) full-wave detector.
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Fig. 2. Typical circuit using the TAA661 fm. L.f. amplifier and coincidence detector.

multi-purpose l.i.cs introduce new
concepts into circuit design’ by David
Bingham in LE.E.E. Transactions on
Broadcast and Television Receiver, July,
1967, Vol. BTR-13. No. 2 pp 108-115.

Detection

Over the years many different types of
f.m. detection have been used. Most of
them, such as the ‘Fremodyne’ (single
detuned LC circuit drive to detector), the
“Travis® (two LC circuits detuned on each
side of if.), and the ‘super-regenerative’
detector, have fallen out of favour. With
discrete transistors, the two systems with
the widest commercial use are the
Foster-Seeley discriminator (common in
the U.S.A.) and the ratio detector
(common in Europe). Neither of these is
ideally suited to monolithic i.cs because
they require carefully tuned balanced LC
circuits. With i.cs they are tending to be
replaced by the coincidence (quadrature)

f.m.
ratio
detector
A\
] am
mix.osc
f.m.
—1 1st.i.f. ==q

a.m.
detector

detector requiring only one tuned LC
circuit; by the phase-locked-loop detector,
dispensing with inductances altogether:
and by the diode-pump detector (also
inductorless).

The diode pump or pulse-counter
detector is attractive because it is so easy
to set up, but to be really efficient it calls
for a low intermediate frequency, around
100kHz. which tends to rule it out for
low-cost domestic receivers.

The coincidence detector appears to be
preferred by most designers for
10.7MHz /i.f. f.m. detection with i.cs. Fig.1
illustrates its working. In Fig.1(a), the
10.7MHz signal, built up to a square wave
in a preceding limiting amplifier, is fed into
terminal A. From A it passes direct to one
terminal C of the coincidence multiplier in
one direction and it is also split off into a
second channel B which contains a single
tuned circuit (externally connected to the
i.c.), the action of which restores the
10.7MHz square wave to sine-wave form
at terminal D. Thus both the square wave

Fig. 3. How the Mullard TBA690 integrated circuit incorporates in a single package all
stages of an a.m. [f.m. portable 9V receiver except the f.m. front end, the a.m. [f.m. input

stage and the a.m. and f.m. detectors.
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and the sine wave are fed to the multiplier
circuit. The signal frequency modulation
varies the instantaneous frequency of both
signals and, since the sine wave is
subjected to a phase displacement due to
the action of the tuned circuit, the
coincidence detector produces an output
at E consisting of a series of pulses of
mean value proportional to the modulation
frequency. Thereafter the integrator (a
capacitor shunting the output resistance of
the coincidence detector) recovers the
audio from the fam. r.f. signal and provides
the necessary de-emphasis or top cut
(European time constant 50 ¢s. American
75us).  In ic. form the detector multiplier
circuit can provide half-wave or full-wave
detection. o

In Fig. 1(b), a half-wave detector,
the average value of the output current
in R,is proportional to the frequency
deviation of the input signal. The full-wave
version (more complex, but less affected
by noise) is given in Fig.1(c) and uses
three, instead of two, pairs of differential
long-tail transistors, but is similar in
action.

The coincidence detector is becoming
popular with i.cs in fim. sets because the
setting up of the detector involves the
adjustment of only a single external coil,
while giving performance similar to the
more traditional, but more difficult to set
up, Foster-Seeley and ratio detectors.
Besides decreasing assembly and
alignment time, the coincidence detector
reduces the number of external passive
components required.

TAA 661

One example of an i.f. amplifier using a
coincidence detector is the SGS TAA661
which incorporates 25 transistors and 18
resistors in a single silicon chip. It is
housed in a 14-lead dual-in-line package
and includes a three-stage limiter amplifier,
an f.m. detector and an emitter-follower
audio buffer pre-amplifier, with an internal
voltage regulator circuit permitting
operation on rail supplies from 6 to 18V.
How simply it can be used in practice is
demonstrated in Fig.2 which shows the
practical circuit for taking the output from
a discrete component 10.7MHz fm. first
i.f. amplifier stage and delivering a.f. to the
volume control.

TBA 690

The TAAG661 is for f.m. only. Some
domestic receivers covering fm. also
incorporate a.m. This points to a different
line of i.c. development characterized by
the Mullard TBA690. This i.c., in a 16-pin
plastic dual-in-line package, comprises
the functions within the shaded area of
Fig.3, and can be seen to contain
everything except the f.m. front end, the
f.m. first i.f. (which can be switched to
operate as a mixer oscillator on a.m.) and
the f.m. and a.m. detectors. The integrated
audio amplifier in the TBA690 can
provide 500mW into an § ¢ speaker on a
9V battery, although the supply can be
anything from 4.5 to 9V. The quiescent
current drain on the battery is only 22mA;
this is comparable with discrete device
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designs. (A companion i.c., the TBA700,
can operate from 4.5 to 12V on the rail
and at 12V can supply an output of 1.5W
into 8 2 .)

It is not immediately evident from Fig.3
that the TBA690 does not of itself supply
the selectivity provided in a discrete-
component receiver by the r.f. front end
tuned circuits and the fixed tuned if.
circuits. In the arrangement of Fig.3, the
r.f. selectivity is provided by the separate
external input blocks, and the i.f.
selectivity is provided by lumped LC or
ceramic filter circuits between the a.m.
mixer oscillator /f.m. first i.f. and the i.c.
input. Equally the two detectors call for
external tuned LC transformers. [A new
i.c. has just been announced (CA3089, see
Literature Received) which combines the
following functions: i.f, amplifier,
quadrature detector a.f. pre-amp, with
outputs for a.g.c., a.f.c., muting (squelch)
and tuning meter. —Ed. ]

Stereo decoders

One area where monolithic i.c. techniques
lend themselves is in stereo decoders. An
example of this is the Siemens TBA450.
Of the three standard decoder systems
(matrix, switch and envelope), the
TBAA450 uses the matrix decoding system
outlined . diagrammatically in Fig.4. The
output from a standard f.m. front end is
taken after the detector, but without
de-emphasis applied, and fed into three
filters which separate the M (mono L +
R) signal below 15kHz, the S (stereo
L-R) signal from 23-53kHz, and the pilot
signal at 19kHz. The pilot signal is

_frequency doubled to 38kHz and then
controls a synchronous a.m. demodulator

" while the M and S signals are matrixed to
give independent outputs of the stereo left
and right audio signals. The same system
is employed in the TBA450. In this circuit
the bandpass amplifiers are active filters
which do not use inductances.

Phase-locked-loop

The phase-locked-loop technique referred
to in the last article on a.m. receivers
offers a way of avoiding the fixed tuned i.f.
‘filters of the f.m. receiver. Fig.5(a) shows
the functional p.ll. sections in the
Signetics NE361B linear integrated circuit,
which will provide a demodulated audio
output if fed directly with the 10.7MHz
output from a conventional fm. mixer
without any 10.7MHz tuned circuits.
The tuning element in the circuit is a
voltage controlled relaxation oscillator
whose frequency is determined by
non-inductive components. The oscillator
is designed so that the operating frequency
can be varied over a limited range by a
d.c. bias voltage. If the oscillator is
rough-tuned near to the 10.7MHz and its
output is applied to the phase comparator,
the comparator will give an output
determined by the frequency and phase
deviation of the v.c.o. from the input
signal. This comparator output is
amplified and filtered and fed back round
the loop through the limiter to adjust the
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Filter 1= low pass

Filter 2 =bandpass round 38kHz

Fiiter 3 = bandpass round 19kHz

Fig. 4. Stereo decoder integrated circut block diagram of matrix decoder system.

v.c.0. frequency to bring it into frequency
and phase step with the f.m. input. Thus
the oscillator tracks the input signal and
produces a strong continuous signal even
if the input is discontinuous or noisy.

So far the circuit has produced a
cleaned up, greatly amplified, copy of the
input f.m. signal without using
inductances. But the main interest of the
circuit to wus is that within the phase
comparator loop an output signal has been
obtained which is dependent on the carrier
shift. Apart from its use to lock the v.c.o.
onto the carrier, it also represents the

Low pass
filter

" Phase | tp. b
; filter

ilp1
f.m./rf.

Timing

audio output of the demodulation system,
because the amplitude of the loop control
signal is proportional to the carrier
frequency deviation . . . which is just the
f.m. modulation. This enables the NE561B
to be set up in a simple system such as
Fig.5(b) to replace the complete 10.7MHz
if. strip up to the fim. detector. As yet,
phase-locked-loop i.cs operating directly
at the f.m. broadcasting frequencies
around 100MHz are not practicable with
existing monolithic technologies, but as the
art develops it is possible that the local
oscillator too can be dispensed with.

Offset
control
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f.m. output

capacitor
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Fig. 5. Phase-locked-loop integrated circuit (Signetics NES561B) enabling complete
inductorless substitute for conventional f.m. i.f. strip plus fm. detector. (a) Internal
functional sections of i.c., (b) connection as 10.7MHz a.m. [f.m. i.f. strip up to volume

control.
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The multiplier feeding the amplifier A,
in Fig.5(a) is an additional a.m. detector
that enables the NE561B to be switched to
a.m. to provide an a.m./f.m. system. For
this the am. is fed directly at the
broadcast frequency into terminal 4 and
the v.c.o. locks onto the carrier; the
system providing detected audio output at
terminal 1. [In last month’s issue an article
described a complete p.l.l. stereo decoder
on a single chip which is manufactured by
RCA.—Ed.}

Digital synthesis

Another approach to eliminating tuned
circuits with ics is the digital frequency
synthesizer, which combines the
phase-locked-loop with a master crystal
oscillator. Frequency synthesizer circuits
have been designed that generate the
required local oscillator frequencies for an
a.m. and f.m. broadcast receiver. Selection
of a station is accomplished by positioning
switches to indicate the station’s
frequency. Fine tuning is not necessary.
The receiver will not (for all practical
purposes) drift, because the local
oscillator is crystal controlled. Low-cost
medium-scale integrated circuits (m.s.i.)
are the building blocks of this. For a
detailed account of this design, you should
consult J. Stinehelfer and J. Nichols’
‘A - digital frequency synthesizer for an
a.m. and f.m. receiver’ in LE.E.E. Trans-
actions on Broadcast and Television
Receivers, October 1969, Vol.BTR-15,
No.3, pp 235-243.

Thick film hybrid

Instead of packaging i.c. chips in multilead
packages and supplying them to set
manufacturers to mount with passive
components, such as resistors and
capacitors, on a printed circuit board, we
are already seeing a logical development in
which semiconductor manufacturers are
themselves mounting the chips in thick
film hybrids with the passive components
to complete their functions printed and
fired on the ceramic substrates. This
produces a neat microcircuit suitable for
plugging into sockets on the printed circuit
board (which now tends to become merely
an interconnection network between the
microcircuits and the large non-
integratable components) and will remove
many of the servicing problems found with
discrete components or even linear
monolithics soldered into position. With
new -subminiature i.f. transformers, about
Smm square, it is now possible to mount
them directly onto thick film hybrids.

Conclusions

Much is happening in the application of
i.cs to domestic fim. receivers, and
developments are taking place along
several different lines at once. It is difficult
to see how things will finally develop, but
in the not-very-distant future we can
expect to find the set makers indicating a
preference which will show itself by
semiconductor manufacturers beginning to
‘second source’ some items.

(THe concluding article in this series
will deal with i.cs in television receivers.)

Sixty Years Ago

September 1911. Our predecessors on the
staff of The Marconigraph devoted much

space to the social implications of the ever-

increasing acceleration of the technology
machine. Sometimes the only intention

was to make technical reports more

readable. Today this is seldom done
because the average engineer is
bombarded with so much printed material
he has time only to glance at a small
fraction of it and to read even less. The
change in approach is emphasized if one
reads (if time allows) early technical
articles.

For instance, in a report on the massive
radio station at Cape Cod about half a
page was devoted to the antics of two
dogs kept at the station and the rescue of
one of the animals, who had been caught
in a trap, was described in detail.

The Cape Cod station was used to
transmit the daily news to ships in the
Atlantic and had the advantage of an
automatic morse transmitter using paper
tape input. Apparently once the huge
generators were started the noise of the
spark transmitter was ‘terrifying’ and the
spark itself could be seen as a flickering
light fifteen miles away.

At the receiving end on board a ship the
transmission was recorded on paper tape
and it was reported that a female
passenger who said she understood all,
after being shown around the wireless
installation, wanted to know how the
paper tape went from shore to ship
without getting wet!

Conferences
and Exhibitions

Further details are obtainable from the
addresses in parentheses

LONDON

Sept. 1-3
Artificial Intelligence
(British Computer Soc., 29 Portland Pl., London
WIN 4AP)

Sept. 6-10
Electrical Network Theory
(ILE.E.E. Symposium, c/o The City University,
St. John St., London EC1V 4PB)

Sept. 8 & 9 Savoy PL., W.C.2
High Voltage Insulation in Vacuum
(Inst. Phys., 47 Belgrave Square, London S.W.1)

Sept. 13-17 U.S. Trade Center, S.W.1
U.S. Electromechanical & Electronic Components
(U.S. Trade C=nter, 57 St. James’s St, LondonS.W.1)

Sept. 20-24 St. Katherine’s, E.1
Control and Instrumentation Exhibition
(Control & Instrumentation, 28 Essex St.,
London W.C.2)

Imperial College

City University
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Sept. 28-Oct. 1
Centralized Control Systems
(L.E.E., Savoy Pl., London WC2R OBL)

Savoy Pl.,, W.C.2

BRIGHTON

Sept. 7-10 University of Sussex
Human Locomotor Engineering
(I.Mech.E., 1 Birdcage Walk, London S.W.1)

Sept. 8-10 University of Sussex
Electron Mean-free Paths in Metals
(Inst. Phys., 47 Belgrave Sq., London S.W.1)

CARDIFF

Sept. 17-19 University College
Physics—From School Through Higher Education
(Inst. Phys., 47 Belgrave Sq., London S.W.1)

CRANFIELD

Sept. 1-5 Cranfield Institute of Technology
Business and Light Aviation Show
(ITF:Liffe Exhibitions Ltd., 1-19 New Oxford St.,
London WC1A 1PB)

LANCASTER

Sept. 14-16
Solid State Devices
(Inst. Phys., 47 Belgrave Sq., London S.W.1)

Sept. 23 & 24 The University
Data Processing and Display for Inspection
Purposes
(Inst. Phys., 47 Belgrave Sq., London S.W.1)

The University

LOUGHBOROUGH

Sept. 7-10 University of Technology
Displays
(L.E.E., Savoy Place, London WC2R OBL)

MANCHESTER

Sept. 1-3 The University
Multivariable Contrel System Design and
Applications

(UK.A.C. 1971 Convention Secretariat, Savoy
PL., London WC2R OBL})

SHEFFIELD

Sept., 7-9 The University
Computers in Medical and Biological Research '
(L.E.E., Savoy Place, London WC2R OBL)

SWANSEA

Sept. 1-8 University College
British Association Annual Meeting
(B.A., 3 Sanctuary Buildings, 20 Gt. Smith St.,
London S.W.1)

TEDDINGTON

Sept. 22 & 23 National Physical Lab.
High Voltage Electron Microscopy
(Inst. Phys., 47 Belgrave Sq., London S.W.1)

OVERSEAS

Sept. 1-3 x Sendai
Antennas and Propagation
(Dr. K. Nagai, Inst. of Electronics and Com-
munication Eng., Kikai-Shinko-Kaikan Bidg., .
Shiba Park 21-1-5, Minato-ku, Tokyo 105)

Sept. 4-12 Milan
Radio-TV Show
(Associazione Nazionale Industrie Elettrotecniche
ed Elettroniche, Via Donizetti 30, Milan)

Sept. 10-19 Amsterdam
Firato Electronics Exhibition
(RAI Gebouw N.V., Europaplein 8, Amsterdam)

Sept. 13-19 Budapest

Micronica 71—Electronic Component Show
(Micronica 71, Budapest 5, P.O. Box 454)

Sept. 19-23
Electrical/Electronics Insulation
(E. A. Boulter, G.E.C., 1100 Western Ave., West
Lynn, Mass. 01905)

Sept. 21-23
Engineering in the Ocean Environment
(G. K. Tajima, Bissett-Berman Corp., 3939
Ruffin Road, San Diego, Galifornia 92112)

Sept. 23-25 ‘Washington
Broadcast Technical Symposium
(R. M. Morris, 60 Sunset Lake Rd., RDI,
Sparta, N.J. 07871)

Sept. 27-29 Turin
Elettronica 71—Conference on Applications of
Electronics in Industry

-(Elettronica 71, Corso Massimo d’Azeglio 15,
10126 Torino)

Chicago

San Diego
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A new linear inverting and amplifying circuit and some other
applications of low-level Darlington transistors

by J. L. Linsley Hood

One of the most interesting of recent
developments in the discrete semiconductor
components field has been the use of in-
tegrated circuit techniques to provide small-
signal Darlington-connected transistors of
the general form shown in Fig. 1(a). A
suggested symbol is given in Fig. 1(b), and
this is used in the remainder of this article.

While it is practicable to construct Dar-
lington pairs from separate transistors if the
collector current of the second transistor is
fairly large, at the sort of current levels
typically employed in small signal circuitry
it is much more difficult. If the second tran-
sistor has, say, a current gain of 400 and a
collector current of 0-:5mA, the collector
current of the first device must be less than
1-25 uA, and at this order of collector
current the current gain of most normal
discrete small-signal transistors is very low,
and their other characteristics are also
impaired.

When, however, a monolithic Darlington
transistor is made, ‘the junction areas and
doping levels of the input transistor are
adjusted so that it will function effectively at
a very low collector current. Also, because
of the very low collector-to-input base
capacitance, it is possible to obtain good
performance at moderately high frequen-
cies, even with high dynamic impedance

€
b b

n-p-n e p-n-p €

(@)

o c
b b

n-pn € p-np €

(b)

Fig. 1. (a) Darlington transistor
arrangements; (b) suggested symbol for
monolithic Darlington devices.

collector loads, which give high stage gain
values.

Ideally, a low-level amplifier element
should have a high input impedance, a
relatively low output impedance, a high
gain, a low noise level, should be linear,
should be simple and tolerant in its power
supply requirements. The normal (bipolar)
junction transistor does not meet the input
and output impedance requirements at all
well, and in addition is intrinsically non-
linear as a voltage amplifying element, so
that it is almost essential to arrange stages
in cascade with substantial amounts of
overall negative feedback to remedy these
defects. However, on consideration it is
apparent that the non-linearity of the bipolar
transistor is an input characteristic effect,
and for any given base-emitter circuit im-
pedance is directly related to the magnitude
of the input signal voltage. Within limits, the
output signal swing is unimportant in this

. respect. It follows from this that for any

given output signal level, the higher the gain
of the stage the better its linearity will be.
The monolithic Darlington transistor offers
a satisfactorily high input impedance with a
very high value of current gain, and if an
arrangement can be found in which this can
be induced to give a high voltage gain the
major circuit requirements will have been
met. Moreover, such a stage will be phase
inverting which is very convenient for a
number of applications, whereas the con-
ventional transistor feedback pairs of Fig. 2
are non-inverting systems.

Methods of obtaining high stage gain

Several techniques are available for in-
creasing the stage gain of a conventional
transistor amplifier. However, some of
these are unhelpfulin preserving thelinearity
of the system, and the principal remaining
technique is to employ a collector load
which has a dynamic impedance substan-
tially larger than it$ d.c. resistance. This
could be a “bootstrapped’ load resistor, an
“active” (i.e. signal dependent) load, or a
constant-current source. Of these arrange-
ments the third is by far the most straight-
forward and free from side-effects, and such
a constant-current load can be provided by
the use of a conventional junction field-
effect transistor, for which the circuit re-
quired, as shown in Fig. 3, is simplicity
itself. The characteristics of this arrange-

ment are shown in Fig, 4 for various values
of the source resistor R;.

Since the dynamic resistance of such a
system is, effectively proportional to the
reciprocal of the slope of the drain-current/
drain-voltage graph (i.e., the flatter the
higher) it can be seen that there are condi-
tions when this dynamic impedance is very
high, and it could then be employed as the
load in the collector circuit of a transistor
amplifier stage. This would give a very high

+15V

(@)
+15V
15k
390k
1n—f | BC214
> Out
<

270k

22Qk

(b)

Fig. 2. Feedback stabilized non-phase-
inverting transistor pairs. (a) n-p-n/n-p-n
feedback pair. Gain depends on Ry, R, (as
shown M =~ 100). Input impedance

~ 68 kQ. Open loop gain =~ 2000.

(b) n-p-n/p-n-p pair. Gain depends on R,
R, (as shown M =~ 100). Input impedance
~ 50 kQ. Open loop gain =~ 2000.
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stage gain while still allowing a reasonable
value for the collector current, and a con-
venient range of voltage drop values across
the load. Moreover, by the suitable choice of
f.e.t. or source resistor the collector current
of the amplifying transistor can be pre-
cisely defined, which is frequently an ad-
vantage.

Circuit conditions for high stage gain

The stage gain of a simple single-stage
transistor amplifier is given by the formula.

1
3 hi, (1+h,,.2,
re ZL hfe

If the terms (h;,.h,,—hy,.h,,) are written
as Ah,, the so-called “h determinant” for
the common emitter configuration, this
equation simplifies to

_ hZy
© AR, Z, +h,

and if Ah, is sufficiently small, as is mostly
the case, this approximates to

W hee 2y,
If the dynamic value of Z; is large, and

the input impedance of the amplifier tran-
sistor is small the stage gain can be very

1i(mA) iUmA)
Equivalent
to Very
small high
@ R

Fig. 3. Constant current load using f.e.t.—
i depends on f.e.t. and value of R,.
Dynamic impedance in range 200 kQ-2 MQ.

high. (However, A, depends on the col-
lector current of the transistor, and in-
creases as this is reduced. For this reason,
high gains normally require both a certain
minimum of collector current and also a
drive impedance which is small in relation
to h;,.)

As will be seen from Fig. 4, an f.e.t. will
act as a high dynamic impedance constant-
current source even when the source resis-
tance R has zero value, provided that the
source-drain voltage exceeds what is known
asthe “pinch-off” voltage, which is typically
two or three volts. The current which will
flow in this condition (zero source-gate
bias) is known as the I,55 and will depend
on the device. For f.e.ts such as the 2N4302
and the 2N5457 this will be in the range
1-3mA—a convenient value of collector
current at which to operate a typical small
signal Darlington amplifier stage. When
such a transistor amplifier is employed with
an f.e.t. collector load it is found that stage
gains of the order of 2500 to 5000 can be
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. . R
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/ 2N5457 Ry = 0 (2p= 680K)
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§ 2N4302 R4 == 100
o 10F
E
g
5 2N4302 R; = 470
05 2N4302 R1 = 1k
2N4302 Ry = 47k
02 (zp == 400kK)

1
10

Drain voltage (Vy)

Fig. 4. Drain current characteristics for sharp cut-off fe.ts.

obtained, even with source impedances of
the order of 100 kQ or more.

It will be appreciated that an amplifier
stage of this type using a high dynamic
impedance collector load will have an out-
put impedance which is so high that the
shunting effect of almost any external load
would lead to a serious reduction in gain.
To complete the practical circuit, therefore,
an output emitter follower is required, and
this can with advantage be a further mono-
lithic Darlington transistor, although in
practice a normal high-grain small signal
transistor may be nearly as good and some-
what cheaper.

The final form of the proposed high gain
circuit combination is shown in Fig. 5(a),
and for convenience as a “‘shorthand” form
in Fig. 5(b). This circuit arrangement has
been found to be very versatile as a rela-

tively low-frequency amplifier stage, and to
possess a number of useful qualities as a
phase-inverting circuit element, and the
name “liniac” (linear inverting amplifying
circuit) is suggested for this configuration.

Liniac circuit characteristics

General considerations. In its simplest form,
the liniac consists of a bipolar transistor
connected as a grounded-emitter amplifier,
an f.e.t. used as a constant current load, and
an output emitter follower. If the output
circuit impedance is fairly high, say 10 kQor
greater, this can be a normal small-signal
transistor such as the BC109 or BC184.
Also, if a source resistor is used with the f.e.t.
of a value sufficient to reduce the load
current to some 10-50 uA (at which level
the dynamic impedance is extremely high)

N
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: \\ 8-24V
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| ~N
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| FET) ™
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| ~ ¥
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I Darlington \\
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| ranst N out In out
m | s -
-
| ot
| Darlington s
| transistor -
-
| g E
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[ -1
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L

Fig. 5. (a) Basic liniac configuration, (b) symbol proposed for liniac.
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and if a very high input impedance is not
required, a simple bipolar transistor of
similar type can also be used as the ampli-
fier stage. This is the system which is to be
preferred if the lowest possible noise level is
required, and is still capable of very high
stage gains if the drive impedance is fairly
low. But, for most applications, a mono-
lithic Darlington device is preferred in this
position since this has a lower collector/
base feedback capacitance and therefore
gives a better-open-loop h.f. response.

The liniac arrangement can be made with
devices of complementary symmetry, with
appropriate adjustments to supply polarity,
and since the f.e.t. is used as a two-terminal
unit either n-channel or p-channel devices
can be employed provided that they have
suitable 1,55 and pinch-off voltage values.
A suitable arrangement using a single very
low noise p-n—p input transistor is shown
in Fig. 6.

Stage gain. Because of the low emitter-
circuit impedance of the amplifier transistor
when a Darlington device is used in this
position, and because of the high dynamic
impedance of the collector load, the gain of
the circuit is very high—typically of the
order of several thousands—even when fed
from a high source impedance, and is
limited, at low frequencies, mainly by the
output impedance (Z,,) of the amplifier
transistor, which is effectively in parallel
with the collector load. At higher frequen-
cies, the effect of the collector shunt and
Miller capacitances causes the gain to fall
at . —6 dB/octave. Typical gain/frequency
characteristics are shown in Fig. 7.

Distortion characteristics. For the reasons
mentioned above, this configuration will be
expected to possess a significantly lower
order of non-linearity than the conven-
tional bipolar transistor amplifier using a
normal resistive load. In the event, the non-
linearity is reduced by the same factor by
which the gain of the stage is increased in
comparison with the normal bipolar tran-
sistor operated at the same collector current.
This is typically 10-15 times, which is a
valuable feature in audio amplification cir-
cuitry. The output-voltage/total-harmonic
distortion characteristics are shown in Fig.
8. Since in normal circuit applications over-
all negative feedback will be employed, and
this will reduce the non-linearity even
further, a stage with a gain of 50x can be
built with less than 0-005% t.h.d. at 1 kHz at
1 V r.m.s. output.

Noise levels. The noise characteristics of the
circuit, at gain levels in excess of some 20 x
(assuming some externally applied negative
feedback) depend mainly upon the charac-
teristics of the device used as the amplifier
transistor, and on the relationship between
the collector current and the input circuit
impedance. The best available low-noise
small-signal transistors give noise figures
which are about twice as good as the equiva-
lent monolithic Darlington connected
devices. For this reason, when the liniac
circuit is to be used under conditions where
the noise level is of importance, such as in
the input stage of a high-gain amplifier, it

(a) +V
+6 to +8V

MPF103
or
2N5457

Qut
in BC109
or
BC184L
v
(b) -V
! -6 to-8V
82k
MPF103
MPSAG5
or
BC214
In Out
Fig. 6. Very low noise modified liniac
arrangements. Gain 2000-4000.
3000
2000 6dB/octave
c fall
8 g
1,000}
1

1
100 1k 10k 100k
Frequency (Hz)

Fig. 7. Typical open-loop gain/frequency
characteristics of liniac using Darlington
input stage (as circuit of Fig. 9(a)).
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Fig. 8. Output signal voltage/distortion
characteristics of liniac stage without
negative feedback—Fig. 9(a). V.(Tr)
=8V :

may be preferred to use the simple bipolar
type, but in this case a lower input circuit
impedance is essential.

In common with other transistor types
the noise level at the output is reduced as the
collector-emitter potential is reduced. For
example, reducing the collector voltage from
8 V to 2:5 V reduces the broad band noise
by about a factor of two, but also, of course,
reduces the available output voltage swing.
This technique should, therefore, be used
with discretion.

At stage gains less than 20, the noise
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contribution due to the f.e.t. may also be-
come important, since the circuit can equally
well be visualized as an f.e.t. amplifier with a
bipolar constant current load, and if it is
intended to use the stage with an output
voltage of less than 100 mV, a low-noise
fe.t. should be used. The use of an un-
bypassed source resistor in the f.e.t. circuit
will also reduce its noise contribution.

Supply-line ripple rejection. One of the more
desirable qualities of small-signal amplify-
ing stages is that they should not be affected
to any large extent by ripple, voltage
fluctuations or signal feedback from the h.t.
supply line. This helps to eliminate hum,
instability, and unexpected sources of dis-
tortion or cross-talk. Since the collector
load of the transistor amplifier stage is a
good constant-current source, and in typical
circuit applications the input bias is not
derived from the h.t. line the output signal
is largely isolated from supply fluctua-
tions. This advantage is diminished some-

- what by the fact that the amplifier transistor

bas also a high dynamic impedance, but
nevertheless the supply line rejection charac-
teristics—assisted by externally applied
negative feedback—are much better than
those of the normal bipolar amplifier
circuit.

Supply and output voltages. In typical liniac
circuit applications, such as those shown in
Fig. 9 et seq, closed-loop d.c. negative feed-
back is employed to stabilize the working
yoltage levels. This allows precise control
of the collector potential of the first tran-
sistor stage, and thereby determines the
potentialdrop across thef.e.t. collector load.
Since it is undesirable that this should
operate on the curved portion of its charac-
teristic (¢f. Fig. 4) the h.t. voltage level
should be chosen so that there is at least
3 V across the f.e.t. at the peaks of the signal
swing. Since the amplifier transistor should
also be biased so that there is a minimum
of some 2 V across it at the bottom end of
the signal swing, the appropriate voltage
levels may be determined simply if the
output voltage swing is specified.

For example, if it is desired that the
output should be 2 V r.m.s., which is 2-83 V
peak, the collector voltage of the amplifier
transistor should be at least 2 plus 2-83 V—
say 5 V. Similarly the h.t. supply should
be 3V plus 2-83V above this level—say
11 V. Since the forward base-to-emitter
voltage drop of the Darlington transistor
is some 0-9 V, the output level correspond-
ing to the desired first transistor collector
potential will be 41 V, assuming a Darling-
ton device is used as the output emitter
follower. If a simple transistor is employed
the desired output voltage level willbe 4-5 V.

The Darlington transistor used in the
first stage will conduct when the base emitter
potential exceeds 0-8-09V R, and R; are
chosen to give this—Fig. 9(a). Because of
phase shift introduced by the interaction of
C, and C, in this particular circuit, there
will be a “hump” in the gain curve at about
10 Hz (with the capacitor values quoted)
if the circuit is driven from a low-impedance
source. If this is inconvenient it can be re-
moved by a suitable input time constant
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high-pass CR circuit.

In Fig. 9(b) the circuit has been elaborated
to incorporate loop negative a.c. feedback
to give a very-low-distortion amplifier with
a gain of 50 and a wide bandwidth—10 Hz
to 80 kHz at 3 dB-—with the same d.c. levels
and an input imepdance of 1 MQ.

A simpler wide bandwidth arrangement
using a lower input impedance is shown in
Fig. 9(c). In this and the previous circuit a
“virtual earth” feedback arrangement is
employed. It should be remembered that in
such cases the gain is dependent on the input
circuit impedance as well, and an allowance
should be made for this in the design con-
siderations. There are obviously a large

‘number of permutations of these basic
circuits, but some specific applications are

+V (11-25V)

(4-5V nom.)

(a)

(b)
O1p
In
(c)
o]
0-22p
—
I
n Ry
47k

Fig. 9. (a) Typical high-gain liniac
amplifier stage V,,, = 2V r.m.s. (max.).
Gain =~ 2500. Input impedance ~ 100 kQ.
(b) High input impedance liniac
arrangement. V,, = 2 V r.m.s. (max.).
Gain =~ 50. Input impedance ~ 1 MQ (and
120 pF). Bandwidth (—3 dB) 10 Hz—

80 kHz. (c) Low distortion linige
amplifier stage. Gain ~ 50. T.H.D.<
0-01%, at 2V ram.s. output (1 kHz).

+V
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2N4302
or

2N5457

Where Equals

Fig. 10. Very low noise, low-distortion
magnetic pickup input equalization stage.
Z, = 47kQ. Gain = 50at 1 kHz. T.H.D.
<0:01% at 0-5 V r.m.s. output at 1 kHz.

shown below, in which facility for output
to input loop negative feedback is exploited.

Liniac applications

Magnetic pickup (R.I.A.A.) equalising stage.
Because of the very high loop gain which
can be obtained with this stage, even when a
simple bipolar input transistor is employed,
a very low noise, low distortion R.I.A.A.
characteristic correction circuit can be
made with this arrangement giving a gain
of 50 at 1 kHz, and less than 0-01% t.h.d. at
up to 0-5V r.m.s. output. A suitable circuit
arrangement is shown in Fig. 10.

Low-distortion oscillator. A very low dis-
tortion oscillator, employing a pentode
valve amplifier, was described by A. R.
Bailey in 1960*. In this the phase shift in a
slightly unbalanced parallel “T” circuit
is used to provide the necessary positive
feedback to sustain oscillation, with the
advantage of very good frequency stability.
A circuit based on the same principle, but
employing a liniac, is shown in Fig. 11.
Since the number of variables is somewhat
inconvenient for a continuously variable
frequency oscillator, it is suggested that the
capacitors should be switched to give a
series of fixed frequencies.

+20V

The distortion given by the prototypes of
this, in the frequency range 200 Hz~5 kHz,
is certainly below 0-005%/ at 1 V r.m.s. out-
put. As such this circuit provides a useful
reference standard for testing amplifiers,
distortion meters and notch filter circuits.
Incidentally the resistors used were normal
high-quality carbon-film types, and no
advantage was found, in terms of any
measurable improvement in distortion, in
changing over to wire-wound units as
originally recommended by Bailey. How-
ever, the performance of the thermistor has
been found to have an important influence
on the overall distortion figure (of five units
tried one was found to worsen the distortion
to some 0-05%). It is thought that the
electrolytic capacitors should also be of high
quality.

Pre-amplifier tone control circuit. The very
high gain, high input impedance and low
noise and distortion characteristics of this
circuit make it a natural choice for a Bax-
andall-type of negative feedback pre-
amplifier tone control circuit, and a suitable
arrangement giving approximately 20 dB of
bass and treble lift and cut at 40 Hz and
15 kHz with respect to 800 Hz, is shown in
Fig. 12. The worst case (maximum lift) dis-
tortion of this circuit is better than 0-02%; at

Fig. 11. Very low distortion oscillator.
T.H.D.<0-005% at 1 V r.m.s. output.
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1V r.m.s. output. This is at least 20 times
better than the conventional (and very
widely used) single transistor circuit under
similar worst case conditions.

Other circuits using Darlington
transistors

F.E.T.—bipolar feedback pair. Because of
the relatively high output impedance of the
normal grounded-source junction fe.t.
amplifier, it is not possible to construct fe.t.

1
—
in

+20V

100

Fig. 12. Liniac employed in tone control
stage. Max. output 3 V r.m.s. Source
impedance < 10 kQ. Midpoint gain 10 x
+ 18 dB lift/cut at 50 Hz and 15 kHz
w.r.t. 800 Hz. Worst case t.h.d.<0-02%,.

—bipolar feedback pairs of a form analo-
gous to theé excellent circuit arrangements
typified by Figs. 1(b) and 1(c), without the
overall gain being much reduced by the
inevitable mismatch at the drain of the f.e.t.
However, if the second transistor is a
Darlington device, the mismatch is avoided,
and open loop gains of 4000 x are feasible,
in the non-inverting mode. The circuit
arrangements is shown in Fig. 13. For com-
parison, the same circuit with a 2N4058 or
BC214 as Tr, has only a gain of 100.

Tmproved bipolar feedback pair. The circuit
of Fig. 2(b) can itself be improved by the
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Fig. 13. F.E.T./Darlington pair. High-gain
high-<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>