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Sixtieth year of publication

This month’s cover picture, showing the
latest Burndept Electronics radiotelephone
in use at an airport, draws attention to the
continuing expansion in mobile radio com-
munications, the technical problems of
which are discussed in the report on
page 494.
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parameters of movingcoil speakers will be
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How we made
thyristors

a commercial
proposition
for consumer
products

Three years agoa Mullard design
team was given the problem of
developing thyristors for motor speed
control in washing machines and drills.
Thyristors offered important advantages
over conventional power control
methods, but at that time, production
was confined to relatively expensive
industrial devices. The high unit cost
was essentially due to specialist
production techniques.

Two Requirements The Mullard team
set about designing inexpensive
thyristors, together with triggering
devices, for use on domestic mains
supplies. Two current handling
capabilities were identified as
being necessary to meet the range of

applications—6.5A for washing
machines and other heavy current loads,
and 2A for drills and lighter loads.
Within six months two consumer type
thyristors, BT101 and BT102, had been
developed for 6.5A applications, and
they were soon in mass production.
Now these devices, in the TO-64 stud-
mounted metal encapsulation, are well
established.

Low-cost Plastic After further design
work, a new plastic device, the BT100A,
was introduced to meet the lower
current requirements. Plastic power
device technology is highly specialised,
and only intensive effort over many
years has resulted in the highly
automated manufacturing techniques
which ensure extremely good reliability.

Computer Testing To cope with the
necessary high rate of production,
computer techniques were introduced to
record test results and to allow
automatic grading. The testing cycle was
significantly shortened by the use of
high-current pulses for directly heating
the thyristor crystal. This is one of the
best automated methods of testing
breakdown voltages at the highest
junction temperatures.

The result ? A range of thyristors
capable of meeting all the consumer-
appliance manufacturers’ current needs,
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and of improving both the efficiency

of power-control and the usefulness of
the units controlled. They offer consumer
product manufacturers smooth,
continuous and efficient power control.

Worth it ? Right from the beginning
we’ve had everything under our control,
so that we can be sure the product will
give consistent service. This also enables
us to relate quality with the best possible
price. Something which applies across
the very wide Mullard component
range. Our components find applications
as unexpected as Astronomy and
Zoology, giving us experience in many
technologies. Experience our customers
now take for granted.

Mullard ¥

components for
consumer electronics

Mullard Limited

Consumer Electronics Division
Mullard House Torrington Place
London WCI1E THD
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The Dehumanization of Broadcasting

Karl Marx, were he alive today, might have written that famous aphorism of his as:
“Television . . . is the opium of the people”. The fact that television is an opiate is
generally blamed on the programme producers: the broadcasting engineers are inclined
to take a superior, professional attitude and disclaim any responsibility for the material
that is passed through their channels. Indeed some engineers, particularly in
America, treat the programmes with open contempt. (The slang word “canned” used
for recorded programmes is an implicit grouping of the creations of art and intellect
with beer, soup, baby-food and other mass-produced commeodities of a sloppy nature.)
But it is too easy for the engineers to shelter in their sectarianism. They must become
more aware of the effects of their work, their aims and attitudes, on the quality of
what is broadcast. These effects may be indirect but are nonetheless real.

Anyone who has worked in mass-production industries will know that there is a
strong pressure on designers to fashion their goods not so much for the convenience
of the human customers as for the convenience of the production machinery. This,
of course, increases manufacturing efficiency. If the resulting goods are not exactly
what the customer likes he can always be persuaded to think that they are, by clever
advertising. Equally it is well known that people must be continuously pressurized
into buying goods which they may not really need, in order to keep the manufacturing
plant fully loaded and hence economic—and, incidentally, to avoid unemployment
and loss of consumers. The engineer, of course, has a vested interest in the design,
manufacture and operation of the production machinery.

A similar situation is now developing in broadcasting. The mental and spiritual
“goods” are becoming subservient to the broadcasting machinery, which is designed
and operated by engineers whose main purpose is to achieve the most efficient dis-
tribution of canned, pre-digested, brightly packaged, expertly timed, second-hand
experience to a mass audience.

At all costs the broadcasting machinery must be made efficient—and this seemed
to be the cry at the recent International Broadcasting Convention in London (see
p.484), where one of the main themes was the application of automation to broad-
casting. One American contributor proudly remarked that the on-line computer
programme for his computer-controlled broadcasting system had been “developed
and documented to the point where it can be used as a general purpose program for
any industry such as planning the production of manufactured goods.” .

Automation is fine, in so far as it relieves people of monotonous work, reduces
operating costs and improves the technical quality of the broadcast programmes.
But experience from industry shows that it is also a means by which the human
being is even more completely enmeshed and demoralized by the production mach-
inery. He is not driving but being driven, as Charlie Chaplin showed in “Modern
Times”, and now his brain is involved as well as his reflexes.

Nevertheless, one speaker at the I.B.C., on being asked why he had expressed
disquiet about too much automation in broadcasting, said “because it can be des-
tructive of human initiative and art”. This speaker was an engineer. So there is at least
one man who understands that the true work of engineers is not simply the perpetuation
of engineering.
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Elements of Linear Microcircuits

1. What a linear microcircuit is, how it is made and packaged

by T. D. Towers*, M.B.E.

What are these microcircuits that have
revolutionized circuit design? In widest
terms, they are a sort of supercomponent
consisting of a number of circuit elements
inseparably associated in a small package.
In the ultimate they reduce the equipment
designer’s job to just fitting together a few
prefabricated circuit blocks instead of
designing a large complex of separate
discrete components. No longer need the
electronics experimenter puzzle out the
design of a two-transistor ‘Ridler’ d.c.
coupled pair for his tape replay amplifier;
he just buys a ready built microcircuit.

Linear and digital: the difference

There are two classes of microcircuits
(often called integrated circuits or just
ics): digital and linear. Digitals are
designed for on /off switching applications
and provide the equipment designer with a
range of complete logic elements, such as
AND, OR, NAND, NOR gates, flip-flops
and some extremely complex computer-
type sub-systems. Linear i.cs are for
applications where the output is in some
way proportional to the input, and they
provide the designer with ready-made d.c.,
a.f., r.f. and wideband amplifiers.

Digital microcircuits became generally
commercially available in the mid-1960s
and have been exhaustively discussed in
the technical press since then. Linear i.cs
did not become readily available until
much later, and are only now finding wide
use. This series of articles is aimed at the
newcomer to the linear field.

Linear microcircuits can be ‘multiple-
purpose’ or ‘single-purpose’. Multiple-
purpose units are gain-blocks which can
be externally pin-programmed to perform
a large variety of different circuit functions
(usually by fitting different feedback
networks). The archetype of these is the
operational amplifier * or op. amp. This
is a very high gain d.c.-coupled amplifier
with a response which is completely
defined by feedback. It was the earliest
linear microcircuit to become generally
available and is the best known.

*Newmarket Transistors Ltd.
~

tOperational amplifiers were dealt with at some
length by G B. Clayton in a series of articles which
appeared in the February to December issues of
Wireless World.

Most circuit designers prefer single-
purpose microcircuits, which are complete
in themselves and do not need additional
circuits designed around before they
can be wused (as is the case with
multiple-purpose linear i.cs). Fortunately,
more and more single-purpose linear i.cs
are coming on the market, ranging from a
simple package of a matched pair of
transistors up to a complete 100-W audio
power amplifier.

Early developments

Before we look at current methods of
microcircuit manufacture. it is of interest
to look back over the past three decades
at the landmarks in their evolution.
Up untii World War II, the normal
methods of assembling electronic
equipment was to mount all the heavier
components on some form of chassis, and
then interconnect them with point-to-point
wiring, either directly or via tag boards.

The first major move towards present-
day microcircuits began with the minia-
ture proximity fuses developed for the
nose-caps of artillery shells in World War
II. These radio-controlled fuses were
closely packed assemblies using special
valves, but the technique never spread into
large scale commercial use because of the
bulky valve needed for amplification.

The development of microelectronics
really started with the invention of the
transistor in 1948. This got rid of the large
wasted vacuum space inside the valve, its
inefficient heater and the need for a high
anode voltage. Assemblies could now be
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Fig. 1. Circuit of 1962 linear silicon
integrated circuit (Texas Instruments
SN521 operational amplifier).

much smaller, but they were still only
scaled-down versions of the old
point-to-point inter-wiring of discrete
components.

In the late 1940s, Sargrove in England
started a move away from point-to-point
wiring. He pioneered a development in
which a radio receiver was built on a
ceramic substratef on which resistors
and intercomponent wirings were printed
and fired rather than separately mounted.
This was one of the earlier experiments in
the integration of circuitry, but in spite of
it,  point-to-point  wiring  continued
unopposed.

Later printed circuit boards (more
correctly printed wiring boards) became a
commercial reality, and this form of
integrated wiring provided another big
step towards commercial microelectronics.

The 1950s also saw many different
approaches to miniaturization, apart from
assembling conventional miniature com-
ponents on a small printed circuit board.
They gave rise to names like ‘Cordwood’,
‘Tinkertoy’, ‘Micromodule’ and ‘2D’
which are now largely of historical interest
only. Details can be found in books such
as ‘Microelectronics’ by E. Keonjian.
(McGraw Hill, 1963.)

All these forms of microminiature
assemblies developed in the 1950s were
more expensive than the standard printed
circuit board and they were only used in
equipment where cost was not the
governing element, military equipment for
instance.

Today’s microcircuits

In 1958 a development occurred which
changed the whole face of things. Kilby of
Texas Instruments came up with an
interconnected assembly of resistors and
transistors made by diffusion in tiny
silicon chips. The true monolithic silicon,

. integrated circuit (s.i.c.) had been born.

The first of these was a mesa-type r.t.l.
(resistor transistor logic) bistable and it
used only two chips interconnected by
bonding wires in a single package.

In 1960 the celebrated Fairchild planar
process for manufacturing transistors was
developed which gave a strong impetus to

[Some details of this development are given in an

article “Automatic Receiver Production” which
appeared in the April 1947 issue of Wireless World.
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the production of monolithic s.i.cs. Early
units were the easiest-to-make digital types
such as the 1961 Texas Instruments
Series-51 r.t.l. But linear s.i.cs were not
long in arriving. By 1962, the Texas
Series-52 linear i.cs were on the market.
Typical of these was the SN521
general-pur pose single-chip 62dB differen-
tial amplifier the circuit of which is given
in Fig. 1.

In the linear field, however, the general
use of linear s..cs can be said to have
started with the now well known Fairchild
#A709 op. amp. which came on the
market in quantity in 1965. Since then
there has been a proliferation of
multiple-purpose linear amplifiers, parti-
cularly of the operational amplifier type.

But the linear s.i.cs available by the
mid-1960s did not get the immediate wide
usage that their high technical specifi-
cations invited. This was partly because
production was small and the cost was
much higher than a designer could achieve
by using conventional component
circuitry. Also, run-of-the-mill circuit
designers were not skilled at using
wideband, high-gain operational amplifier
blocks for general purpose circuitry. They
would rather have had low-cost
single-purpose units.

In this climate, significant developments
began along different lines. Techniques
developed for producing prefabricated
assemblies of resistors, capacitors and
interconnections by printing on ceramics
(thick film) or vacuum evaporation on
glass (thin film) were married to special
miniature semiconductor devices suitable
for attaching to such substrates. Out of
this marriage came the hybrid active linear
microcircuit, which had advantages over
monolithics in some areas. The two main
ones were that the hybrid could be
fabricated economically in small batches
and that single-purpose units could be
made up readily.

By the end of the 1[960s, many
semiconductor manufacturers had gone
into monolithic s.i.cs. Cheap standard
multiple-purpose linear i.cs had become
widely available, but there were not many
standard single-purpose units around. You
could get a special s.i.c. custom built, but
you would have to use very large
quantities for it to be economic. As a
result, many custom hybrid houses had
sprung up. using thick and thin
film techniques, to serve the smaller-run
equipment manufacturer who could not
use the existing standard monoliths and
was too small to have a special monolith
built for him. Almost as a by-product,
these hybrid houses also put on the market
standard commercial single-purpose
linears.

It is anybody’s guess how the demand
for linear microcircuits will divide itself up
in the future between standard
single-purpose, standard multiple-purpose,
and custom-built units. One estimate is
that ih the 1970s linear applications will be
met 50% by off-the-shelf single-purpose
standards, 25% by multiple-purpose
standards, and 25% by custom specials.
As to how far the units will be monolithic
and how far hybrid, again there is much

doubt. The chances are that most
multiple-purpose standards will be
monoliths, most custom units hybrid, and
single-purpose units a mixture of
monolithic and hybrid.

No reference has been made so far to
m.o.s.t. (metal oxide semiconductor
techniques ) microcircuits which use
fets (field effect transistors) instead of
bipolar transistors as the basic circuit
elements diffused into silicon chips. They
are cheaper to produce than bipolar
monoliths, and have already found wide
use in low-cost digital applications.
However, they are not as yet well suited
directly to linear applications. and will not
be discussed further here.

As to hybrid technologies, thin film is
gradually being phased out for cost and
technical reasons, and most hybrids are
now thick film.

Monolithic silicon circuit manufacture

Manufacturing monolithic s.i.cs is a highly
complex business and many books have
been produced on the subject. If you are
seeking detailed information, you should
consult one of the standard texts, such as
Motorola’s ‘Integrated Circuits—Design
Principle and Fabrication’, edited by M.
Warner (McGraw Hill, 1965). In this
article we will give only a sketchy outline
of how s.i.cs are made.

The process starts with an ingot,
usually about 250mm (10in) long and
25mm (lin) diameter, of highly refined
single-crystal silicon, shown in Fig.2(a).
The ingot is sawn up into thin slices of
which one is shown at Fig.2(b), and the
s.i.cs are made in these slices.

As shown in the enlarged view of a
single slice in Fig.2(c), a large number of
identical circuits are formed in a regular
pattern. Various techniques are used, such
as high-temperature diffusion of impurity
gases into the slice, selective surface
etching of photoresist masking, formation
of protective ‘glass’ (silicon oxide) surface
layers, and deposition of metallic
interconnections and lead bonding pads on
the surface by vacuum evaporation (thin
film) techniques. Depending on the area of
the individual circuit in the pattern, a
single slice typically produces anything
from 200 and 2000 identical integrated
circuits at the one time.

The slice is next scribed along the
dividing lines between the circuits and
broken up into individual units. A single
circuit then finally appears as at
Fig.2(d)—enlarged—in the shape of a
square chip between 0.5mm (0.020in) and
1.25mm (0.050in) across with visible
metallization on the surface.

This chip is packaged by bonding it
faceeup on a support such as the
multi-lead TO-5 header shown in Fig.2(e),
with the metallized bonding pads visible
on the face. Connections are then made
from the header leads to the pads by gold

AWe normally regard m.o.st. as meaning metal
oxide silicon transistor because this describes the
structure of the device. That is a metal gate (alu-
minium) insulated from the drain/source silicon by a
layer of silicon oxide. Ed.
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Fig. 2. Construction of silicon
integrated circuits: (a) basic silicon
crystal ingot from which process starts;
(b) thin slice (wafer) cut from ingot; (c)
enlarged view of slice after processing
produces large number of identical
circuits inside the silicon formed by
repeated diffusion, oxidation, and
selective etching with final evaporation of
surface metallization for interconnections
and bonding pads; (d) one of many
single-circuit chips obtained by scribing
and cracking the complete slice, and (e)
individual circuit chip mounted on header
with connections to header leads.

or aluminium wire about 0.025mm
(0.001in) diameter. After being tested, the
package is sealed. In the example shown, a
metal top cap is fitted by welding round
the rim.

From this necessarily brief summary, it
should be evident that the basic element in
a monolithic s.i.c. is a very small
processed thin chip of silicon about the
area of a grain of sugar. This makes it
clear why high-power dissipation presents
a major problem in s.i.cs, because of the
difficulty in getting the heat away from the
tiny chip. Normally, temperatures inside
the chip must be kept below about 150
to 180°C and because of its small size it
is hard to dissipate much power without
exceeding this limit. This also explains
why most of the commonly available s.i.cs
have a power rating somewhere round 100
to 500mW (very much the same as a
single transistor), and also why most of
the high power linear microcircuits on the
market tend to use the hybrid fabrication
to be described below.

Thick film hybrid fabrication

The assembly of a thick film hybrid starts
with a smooth ceramic (aluminium oxide)
blank substrate, typically about 25mm

f——t— gy v - r—
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(lin) square and 0.375 to 0.875mm (0.015
to 0.035in) thick, as shown in Fig.3(a).

On to this ceramic (which is an
insulator) a matrix of passive circuit
elements is screen printed and fired, just
like the decorations on a piece of pottery,
as shown in Fig.3(b). This produces an
identical pattern of resistors, capacitors,
insulating layers and metal interconnection
runs and bonding pads (the last for
attaching discrete components and
external leads) in each cell of the matrix.

The large substrate is then scribed
along the cell dividing lines and cracked
up into individual small circuit substrates.
One of these is shown enlarged in Fig.3(c).
The next step is to attach any
subminiature discrete components
required, such as the transistor shown in
Fig.3(d), and the final substrate prepara-
tion is the attaching of external leads
shown in Fig.3(e).

After being tested, the hybrid circuit is
encapsulated in some form of protective
package, as shown in Fig. 3(f). It can be
seen that the dissipating semiconductors
can be dispersed over a relativély wider
area than is possible in an s.i.c. chip so
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Fig. 3. Construction of thick-film hybrid
microcircuits: (a) Starting ceramic
substrate; (b) number of identical R, C
and conductor networks printed and fired
on substrate; (c) single circuit substrate
scribed and cracked from complete
multiple-unit substrate; (d) discrete
components such as transistors attached
to substrate. (¢) Leadout wires attached;
(P circuit encapsulated in protecnve
package.

higher power dissipation is possible. On

_the other hand, it must also be clear that
the overall package size will tend to be
larger for hybrids.

The packaging of a microcircuit is of
importance not only because it is all that
the user sees of the device, but also
because it has such an important bearing
on cost and reliability. For this reason, the
rest of this article will be devoted to
packaging aspects.

Microcircuit packaging; the problems
Just as with transistors, microcircuit
packages are of two basie types, ‘hermetic’

(metal or ceramic and glass) and
‘non-hermetic’ (plastic). Non-hermetic are
much cheaper than hermetic, but have not
yet reached the stage where they can be
regarded as satisfactory in extremes of
temperature and humidity. Thus in high
reliability applications, hermetic packages
are the rule. Initially only hermetic
packages were accepted for professional
use, but recently plastics have improved so
much that they are creeping in for the less
demanding applications.

In commercial linear microcircuits, you
will therefore find three grades in the

market: (a) Entertainment or Consumer,

suitable for use from 0 to 70°C and in low
humidity environments (and almost
always non-hermetic), (b) Industrial,
suitable for use from —20 to + 100°C
and in medium high humidity (mostly
hermetic), and (c) Military for —55 to
+125°C and high humidity environments
(until now always hermetic).

Unfortunately for the user, package
standardization for microcircuits is a long
way off. We are not yet in the comforting
climate of transistors where you can take
the same JEDEC standard TO-5 outline
device from several different manufactur-
ers and find that the case sizes varied by
only a few thousandths of an inch and that
the standard emitter-base-collector num-
bering of leads round the can obtained in
every case. ’

For linear microcircuits at the time of
writing there are over 700 different shapes,
sizes and lead configurations available. In
this chaos of packages offered, however,
some trends are beginning to make
themselves clear.

Monolithic s.i.c. packages show more
standardization than hybrids because they
have been around longer. But packages
which have reached some acceptance for
monoliths have had to be severely
modified to encompass the generally larger
hybrid element.

With regard to outlines, packages fall
into four main classes: (1) low-power
packages with leads to be inserted through
circuit boards and soldered on the copper
side; (2) low-power packages designed to
be mounted directly on the copper side
with leads attached flat to the
metallization by soldering or welding; (3)
medium-power packages with integral heat
sinks for printed circuit board mounting;
and (4) high-power packages designed for
attachment to substantial metal chassis or
heat sinks. '

Low-power through-board-mounting
packages

The most common low-power through-
board-mounting microcircuit package is
the dual-in-line, abbreviated to d.il. for
the hermetic version and d.i.p. for the
non-hermetic or plastic version ». Fig.4(a)
shows the main dimensions of the most

» Although d.i.p. always means a plastic package, we
often find that in the various manufacturer’s data
sheets we receive, d.il. is also used to describe plastic
packages. If your application needs a hermetically
sealed microcircuit always check the data sheet for
the type of package material used. Ed.
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(c)

Fig. 4. Typical common low-power linear
microcircuit packages for attachment to

n-copperside of printed circuit board:
(@) Dual-in-line; W) slngle—in—lme ©
muItiIead TO-S.

common package, the 14-lead dual -in-line.
Variants of the package may  have
anything from 4 to 24 leads or more. The
interlead spacing of 2.54mm (0.1in) in the
line of leads is standard (to allow
conductor runs between the lead lands on
the board). The inter-row spacing of
7.62mm (0.3in) is standard for monolithic
s.i.cs, but, for the generally larger. hybrid,
other spacings such as 15mm (0 6in) are
common.

| Dual-in-lines are not easy to unsolder
from circuit boards for servicing, and
there is growing up another package style
for through-board mountmg which is
easier to unsolder. This is the
single-in-line, of which an example will be
found in Fig.4(b). This s.i.l..can be thought
of as half of a dual-in-line with the leads
straightened into the plane of the device. It
too, like the d.il, tend$ to use lead
spacings of 2.54mm (0.1in), and is more
common in hybrids than monoliths.

| Historically the earliest monoliths were
developed by semiconductor manufactur-
ers and it was natural that they should
package them in modified transistor cases.
Fig.4(c) gives an illustration of the
multilead TO-5 which may have anything
from six to twelve leads. Because of the
close lead spacing and the difficulty of
removal from a printed circuit board, it is
riow not very popular with designers.

|

Low-power copper-side mounting
packages ,

In these days of double-sided printed
circuit boards and the demand for space

(a) (b)

Fig. 5. Typical low-power linear
microcircuit packages for attachment to
copper side of printed circuit board: (a)
Flat pack; (b) ready-to-reflow dual-in-line
with prd'om_fed leads.
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saving, several packages have been
developed for attaching to the copper side
of the board. Two are fairly standard.

The flat pack shown in Fig.5(a) was
developed by Texas Instruments for their
early s..cs. With the general adoption of
the dual-in-line package described earlier,
users who wanted to mount them on the
copper side of the board dressed their
leads out flat as shown in Fig.5(b).
This gave rise to the readv-to-reflow
dual-in-line modification which manufac-
turers are now prepared to supply.

Medium-power microcircuit packages

The packages so far discussed usually
cannot dissipate more than a few hundred
milliwatts. Other packages had to be
developed for higher powers, particularly
in the linear field. These tend to fall into
two main groups: (a) items designed for
powers up to about 5W without any
special substantial external heat sinking,
and (b) high-power packages capable of
dissipating up to 50 or 100W.

In the first, medium-power, category,
several packages will be met with.
Semiconductor manufacturers, accus-
tomed to standard two-pin TO-3 outline
power transistors, developed a multi-pin
version of this outline, of which Fig.6(a)
shows a typical example. On a printed
circuit board this can dissipate up to about
2W (and on a substantial heatsink 10W).

Another transistor case used for
medium-power microcircuits is the
multilead” TO-8 transistor package, of
which Fig.6(b) is an example. This has
twelve pins arranged in a square, but a
sixteen-pin version is also available. This
package can dissipate up to about IW in
free air and about 2.5W clipped to a
substantial heat sink.

/(;'25in pins on
O-5in dia.circle

75
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BTN
(] ._e_;p
o
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] e
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0-3in square A e 2{_’__. o
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Fig. 6. Examples of mediun;-power
linear microcircuit packages; (a)
Modified multilead TO-3 power
transistor package (2-5W); (b) modified
multilead TO-8 intermediate power
transistor package (1-2W); (c) modified
dual-in-line with integral tongued heat
sink (1W); (d) modified dual-in-line with
integral heat sink for bolting to chassis
Gaw).

A different approach to a medium-
power package is the integral heat sink.
Fairly typical of this is the package
sketched in Fig.6(c). This is really a
dual-in-line with the leads dressed for
reflow soldering and with a strip of metal
inside extending from one end for
better removal of heat from the chip
Permissible power dissipation can be
increased by soldering the metal tongue to
board metallization or some area of metal.
Packages like these are typically capable
of dissipations up to IW.

The power dissipation capability of
integral heat sink package can be extended
by making provisions for bolting to a
metal heat sink. One well known example
of this is the chassis-mounting integral
heat sinc given at Fig.6(D). This package
is used for a linear monolithic amplifier
with a power output capability of 3W
audio, which has been widely marketed in
the United Kingdom. #

High-power microcircuit packages

Package design becomes a critical
problem when we come to linear i.c.s.
capable of handling more than a few watts,
whether they be monolithic or hybrid. At
the time of writing no standard packages
have been evolved, but the main features

to be expected in such packages can be

seen in the illustrative example of Fig.7.
This is a 50-W high-quality audio
amplifier. In the casing outline at Fig.7(a),
you can see that it is a fairly substantial
package, 100 X 50 X 25mm (4 X 2 X
lin), with flanges for bolting to a chassis
or heat sink. The terminals are stout pins
issuing from one side of the package, to
which connections can be made by
soldering or by crimped-tag flying leads.
The amplifier is of the quasi-
complementary class-B type and the
circuit used is shown in Fig.7(b). The main
power-dissipating elements are the two
output transistors. Some expertise is
required to mount these in the package to
ensure the most efficient removal of the
heat—quite a problem when you realise
that the power transistor chips are asked
to dissipate internally 30W apiece.

Sockets for microcircuits

In the early days of transistors, when
designers were a little uncertain how to
handle them, it was common to fit sockets
for them on printed circuit boards. We see
the same development with microcircuits,
and there is a lot to be said for it.

Sockets for standard dual-in-line,
single-in-line and multilead TO-5 packages
are nowadays fairly readily available from
electronics distributors. Apart from
distributors, some firms specialize in the
supply of microcircuit sockets, such as
Jermyn Industries in the U.K. and Augat
or Barnes in the U.S.A. (with agents in the
U.K.).

If you are buying microcircuit sockets,
remember that they come in two types:
“test” sockets specially designed for

HPlessey type SL403A.
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Fig. 7. Typical commercial example of
high-power linear microcircuit (Sanken
Electric SI-10504, 50Watt Hi-fi power
amplifier). (a) Package; (b) hybrid
circuit.

continuous repetitive use, and “produc-
tion” sockets for once (or occasionally
twice) use in equipment. Obviously
production sockets will be cheaper tha
the test type. ‘

Availability of Linear Microcircuits

From this preliminary look at the linear
microcircuit field, it should be evident that
nowadays the designer can look to a large.
commercial armoury of such circuits
around which to build his equipment. As
later articles in this series will show, he will
find linear ic.s. for applications in
frequencies from d.c. to 1,000MHz,
powers from 0.1mW to 100W and gains
from OdB(X 1) to 120dB (X 1,000,000).
The article next month will deal with what
is commercially available in the way of
linear i.c.s. and how to set about finding
them.

Editor’s Note. The arrival of the first
integrated circuit from Texas Instruments
in 1958, referred to by the author on p.
472, was foreshadowed by a report in.
Wireless World in 1957 (November issue,
p. 516) dealing with early British work by
the Royal Radar Establishment and
Plessey. The title of our article, “Solid
Circuits”, later involved our reporter in
some legal business with Texas, as this
company subsequently used these words
as a trade name for their devices.
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Circuit Ideas

Loudspeaker transmit/receive
switch

In ‘low-power radio transceivers it is
customary to use the receiver output
stage as the modulator when trans-
mitting, a switch being used to disconnect
the ‘loudspeaker. The following circuitry
allows this switching to be accomplished
remotely without the use of a mechanical
relay, and has been used in a four-metre
portable transceiver in which all send/
receive switching is accomplished elec-
tronically The basic circuit is shown in
Fig. 1 and has a very much lower insertion
loss than any diode or other system that
was 1nvcst1gated The power loss is only
slight with a 3% loudspeaker ‘and is
unnot:ccable with a 150 load. Almost any

Fig. 1. Basic electronic switch.

Jo.
modulation transformer
(no switching required)

transistors can be used but silicon planar
devices give the greatest attenuation
when the gate is off. Because of the fairly
low ‘reverse emitter-base breakdown
voltage ratings of such transistors (about
5 to 6 V), some breakthrough occurs if
the input voltage swing is greater than
12 V pk-pk. When one side of the input or
output is referred to one pole of the
supply. battery the circuit of Fig. 2 can be
used. If only one switched h.t. supply is
available, for example that for the trans-
mitter, the modification shown in Fig. 3
can be used. The diode ensures that 77,
docs not conduct when any audio peaks
cause reverse breakdown current to flow
into the base of Tr,.

D. A. TONG,
Kirkintilloch,
Dunbartonshire.

High-stability constant-current
source:

A convenient two-terminal constant-
current source is a field-effect diode.
Devices may be selected to have a
temperature  coefficient of less than
0.0005%/°C. However, the voltage co-
efficient of such diodes is typically
0.05%/V. This means that voltage vari-
ations may lead to larger errors in the con-

+12V

/AN

Compiementary

To transmitter
switched hit.

output stage

100k

To receiver
switched h.t.

l' ot Ot

e

Fig.2

Fig.3

Fig. 2. Circuit Jor connection to two switched h.t. supplies. Fig. 3. Circuit arrangement

Jor use with only one switched supply.
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stant current than temperature changes. A
way of isolating the diode from voltage
changes using an f.e.t. with its gate held at a
constant voltage is shown. The f.e.t should
be chosen to have a low ¥, consistent with
an Ipgg which exceeds the current passed

+Vc
Constant [
(0-47mA £ 20%)
i3 2N4341
+15V —A\V—¢
oV CLA710
A
oV

F.e.t. current source.

by the current limiting diode. A 2N4 340 or
2N4 341 is suitable for use with the
CLA4 710. The gate source voltage of a 2N4
341 changed less than 10% over a 30V
change in ¥V, giving a current stability of
0.0005%/V and 0.0005%/°C.

J. A. RoBERTS and J. R. JONES,
Swansea.

Cheap voltage reference

The base-emitter diode of most silicon
transistors can be reverse-biased and made
to operate as a zener diode. At currents of
about ImA a positive coefficient of
voltage with temperature is usually found

I

Ve

|

Temperature compensated ‘zener’ diode.

which is greater in magnitude than the
negative temperature coefficient of the
same diode when forward-biased. By
operating a transistor in an ‘amplified
diode’ arrangement the temperature
coefficients of this diode and the zener can
be made equal and opposite. With the two
in series a very cheap temperature
compensated zener diode can be produced
which is the equal of most of the reference
diodes available commercially for quite
hlgh prices. Using two 2N2484 transistors
in a common heatsink a temperature
coefficient of less than 10 p.p.m. over a
ten degree temperature range can be
achieved for 2mA current and 12V output.
Resistors of the order of 10k have been
used.

E. R. RUMBO,

Chippendale,
New.South Wales,
Australia.
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A design with a bridge output stage delivering 100W into 82

by lan Hardcastle*, M.A., & Basil Lane

Regular readers of Wireless World will
recollect an earlier article of ours describing
a simple 15-W power amplifierf. This
article takes the design several stages
further to provide an output power of 100W.

In attempting to upgrade the original
design (reproduced in Fig. 1) two altern-
atives could be adopted, either to use 802
speakers and raise the supply voltage or
to use 442 speakers and accept a very high
output current.

Table 1 lists the requirements in detail
and from the data sheets of the output
transistor range (TIP29A to TIP36A) it
can be seen that the supply voltage equals
the breakdown voltage in the case of the
40 version, and for the 80 version the
supply rail is well above breakdown. In
addition if we are to retain the same pre-
driver the supply voltage is also well above
the breakdown of the BC212L used. Any
alternative device used as a pre-driver
would represent a rise in cost as would be
the case for the output transistors in the
40 version, Here the large peak current
demands would necessitate the selection
* Texas Instruments Ltd.

t “Low-cost 15-W Amplifier”,
October 1969.

Wireless World,

TABLE 1. Voltage and current require-
ments for 100 watt amplifier

rms. peak pk-pk rms. peak  power
voltage voltage voltage current current supply

8¢ 28.3V 40.1V 80.2V 3.53A 5.0A 90V
4 20V 28.3V 56.6V 5A 7.06A 64V

of TIP35A/36A preceded by TIP29A/30A
to give the base drive required by the out-
put pair under peak output-current con-
ditions. In turn, base drive for these devices,
if derived from the existing pre-driver,
would set a collector current requirement
for this stage of around 20mA giving a
power dissipation beyond the capability
of the low cost small signal devices. In
addition the stage gain would be reduced
and by a chain reaction reduce the ratio of
open loop to closed loop gain giving a high
level of distortion. A way round this
problem is to insert another set of drivers
using a further pair of TIP29A/30A as
shown in Fig. 2.

To ensure sufficient overall current gain
around the quiescent point, resistors R,
to R, are added to the configuration to
increase the running current of the output

stage to a point where the devices have
developed useful gain. Since a 40 load
is being employed the load coupling cap-
acitor must be large and its current rating
must be greater than SA.

Finally the use of the 64-V rail means
that the transistors are operating at and
beyond the limits of their voltage ratings
making the production of such an ampli-
fier a risky business. Furthermore, the
unregulated supply previously specified
would be unsuitable since its off-load
voltage could well rise too far, A fresh
look at the design is obviously required.

Argument for the bridge

At the sort of power levels under consider-
ation we are stuck with the output current
and voltage requirement already mentioned
and any attempt at reducing this (with say
an 80 load) will only result in a prohibit-
ively high rail voltage to provide the large
voltage swings required. The reason for this
is that the use of the capacitor coupling
arrangement to the load limits these volt-
ages to peak values of + or — half the
supply voltage. What is required is an
arrangement that eliminates the coupling
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Fig. 1. Circuit of amplifier described in October 1969.
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capacitor without incurring the penalty
of d.c.flowingintheloads.

Fig. 3 shows such an arrangement,
where four output transistors are arranged
as a bridge with the load connected across
the d.c. null. If an anti-phase signal is
applied to this configuration, on peak
positive signals Tr, and Tr, are turned
hard on, Tr, and Tr, are hard off, causing
the full supply voltage to appear across
Ry. With a peak negative input, 77, and
Tr; are turned hard on, causing the full
supply voltage to again appear across
the load but in the opposite direction.
Taking another look at Table 1, we see
that an r.m.s. voltage of 28.3V is required
to produce 100W in 80.

With the arrangement shown in Fig. 3,
each half of the output stage only has to
swing half of the required voltage. In this
instance 14.15V r.m.s., 20.05V peak, or
40.1V peak to peak. This now allows the
rail voltage to be lowered to 50V enabling
the same transistor families to be used in
the output stage as were employed in the
original 15-W design. In addition, if at any
time the power output of the amplifier
needs to be raised, the rail voltage can be
raised to achieve it. For example an 82
load with 60-V supply would provide an
output power of up to 175W. Alternatively
for a 45 load power in excess of 350W
should be obtained.

Fig. 4 shows a block schematic of the
arrangement to be used in this instance
together with a full circuit diagram in Fig. 5.

Considering one half

Referring to Fig. 5, the left-hand power
amplifier will now be described, similar
arguments being applicable to the right-
hand amplifier. Readers will recognize the
configuration of the output stage, which
is similar to that of the early 15-W design.
The transistors TIP3SA and TIP36A would
be suitable for use in this 100-W version,
but at the moment they are considerably
more expensive than the metal can versions,
the 2N3715 and 2N3791. It is possible
that at some time in the future the plastic
encapsulated versions will become cheaper,

Fig. 3. Bridge output stage with the
load across the d.c. null.

in which case they can be substituted
without any modification. The latter tran-
sistors have a minimum current gain of
20 at SA and hence a peak base current
of 250mA is required. This is above the
power dissipation capabilities of the smaller
plastic encapsulated transistors which

were previously used but the substitution

of a pair of TIP29A and TIP30A will serve
the same purpose without the need for
heat sinks, since the demand is well within
their free-air current and power ratings.
The current gain at their peak collector
current is at least 40, the peak base
current required being about SmA.

This particular type of transistor, when
operated at low quiescent collector cur-
rents has-a somewhat low current gain,
and to obviate any difficulties likely to be
encountered by variations in gain in such
a situation, resistors R,, and R,, are used
to shunt the base-emitter diode of the
output transistors. Under quiescent con-
ditions, the collector current of the drivers
is now set at about 4.SmA giving them a
current gain of around 100. A point not
mentioned in the previous article dealing
with the 15-W version, was the necessity
for such resistors to be included to provide
a path for the output transistors’ collector-
to-base leakage current.

"Readers who have built the 15-W
version, will find it advantageous to insert
resistors in a similar position, of value
1kQ.

Two additional functions are performed
by these resistors in both designs; they
ensure thermal stability of the output stage
and by providing a path for collector-base

. +64V
. R, Fig. 2. Possible modification
.- 47K of Fig. 1 to obtain greater
(selected) TIP30A power.
Tr‘5
TIP29A R18 Cout
RVz Tra 01Q) 2000u
2.2k BC182L
Riz
010
R Trg Trio R =40
P TIP22A TIP35A . -
R2 R4
4°7k 120
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Voltage amplifier
& phase splitter
%

> "

Twin voltage &
power amplifiers

Fig. 4. Block diagram of circuit
employed.

leakage, decrease the turn-off time of the
transistors thus reducing high-frequency
cross-over distortion and dissipation.

The familiar transistor-potentiometer
biasing arrangement has been used again
to supply the necessary inter-base voltage
to the drivers, thus causing the output
stage to operate in class AB, giving a
nominal output quiescent current of 20
to SOmA. The pre-driver stage operates
at a quiescent current of 10mA, this
current being well within the current and
power handling capabilities of the devices
specified in the 15-W version. Referring to
Fig. 1, the reader will see that a bootstrap
resistor has been used as a constant-
current sink, this resistor being connected
between C, and Tr,. In this instance, at
the cross-over point, the input impedance
of the resistor tends to fall because the
voltage on the collector of the driver
transistor 7Tr, changes more than the
output voltage, thus a voltage imbalance
occurs at either end of the resistor and
the bootstrapping fails. An alternative
providing a more satisfactory constant-
current sink, is to replace the resistor by
an additional small signal transistor
suitaply biased from a constant-current
source. Such an arrangement is shown in
Fig. 6 where the transistor Tr, has a
constant voltage at its base provided by
a potential divider chain formed by the
resistors R,, and R, with diode D,. The
voltage developed by D, approximately
matches the base-emitter voltage of T,
over a range of ambient temperatures and
thus ensures that the voltage across re-
sistor R, and in turn the current sink
provided by transistor Tr,, remains con-
stant with changes in temperature. An
improvement in the cross-over distortion
figures (still present in spite of the output
stage operating in class AB) is obtained,
since the constant-current sink is no longer °
dependent upon feedback from the output
mid point.

This arrangement has been used for
the 100-W amplifier for the reasons dis-
cussed above, and also because there is
no output capacitor to transfer the output
voltage from the output mid-point down
to the earth rail. To provide such a point
suitable for the connection of a bootstrap
resistor, an extra capacitor and resistor
would have to be inserted. All in all a
comparison of costs between providing
the additional transistor, or providing the
capacitor-resistor arrangement shows that
they are about equal, but the improvement
in performance from using the transistor
constant-current sink more than sub-

]
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Fig. 5. Full circuit of 100-W amplifier. Resistors can be 10% types except R,.
stantiates any reason for its selection. is any changes of voltage across the load Vee
Additionally, small signal transistors are creating a d.c. unbalance in the bridge, R
far more readily available than the electro- because at all costs large direct currents -
lytic capacitors at the time of writing and must be prevented from flowing in the |
in the foreseeable future. Since our 100-W load. However such currents are unlikely Input —2 Try Outputs
Figuration employs two identical power to occur since any temperature change
amplifiers, the cost of providing the con- affecting the left hand power amplifier ~ 1
stant potential divider chain for this will similarly affect the right hand power Ry

additional transistor has been reduced
by making use of the same bias chain for
both amplifiers.

Input stage

To complete the power amplifiers, a differ-
ent input stage is used from the ‘version
shown in Fig. 1. The long-tailed pair has
been replaced by a single transistor with
its collector connected directly to the base
of Tr,, the base-emitter junction of which
is partially shunted by R,, to reduce
variation in the collector current of Tr,
due to variations in the current gain of
the driver transistor. Resistors R, and
R,,, together with capacitor C, provide
an a.c. feedback path to the emitter of T,
and set the somewhat low a.c. closed loop
gain of 11. In our original article several
benefits were claimed for using the long-
tailed pair as an input stage. These included
good. stability of d.c. level of output mid-
point, and high input impedance to the
input and feedback circuits.

In the 100-W amplifier, the stability of
the d.c. level of the two output mid-points
is certainly worse than that of the 15-W
amplifier. The reason for this is that changes
of both the base-emitter voltage to Tr,
and the current gain in 7r, will affect the
d.c. output level. Under normal conditions
the results of these changes due to temper-
ature variations would be expected to be
small, for example, a 20°C change will
cause an output level shift of 40 mV and a
change in gain of Tr; and Tr, from 60 to
300 will cause the output level shift of
400 mV. However, this is not really
important since what we are interested in

amplifier. Such changes in both amplifiers
would simply result in a similar shift of
output mid point voltage at both ends of
the load, resulting in a cancellation of
effect and the preservation of bridge
balance.

The high impedance feature of the feed-
back circuits in the original design has
become unnecessary in the 100-W version,
since the closed loop gain has been made
small.

The advantage of having low value
decoupling capacitors is retained since
resistor R, is relatively large (470Q) and
needs only a 32uF decoupling capacitor
to give a low-frequency —3dB point at
10Hz—once again comparing favourably
with the 15-W version. If this arrangement
were used in a simple amplifier with a gain
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Fig. 6. Replacement of bootstrap
resistor by transistor.

Fig. 7. Single-stage phase splitter.

of, say 100 where the feedback loop en-
compassed the whole amplifier, a capacitor
of ten times this value would be required
to give the same —3dB frequency.
Despite the change of configuration
from long tailed pair to single transistor
the input impedance looking in at the base
of Tr, is still high, due to the presence of
the large in-phase feedback signal at the
emitter. As the entire amplifier is d.c.
coupled, the stability of the output mid-
point voltage needs to be ensured by a
d.c. reference provided at the base of Tr,.
Two alternatives present themselves at
this point.

(a) To provide an independent potential
divider bias chain for Tr, and Tr,, the
doubling up being necessary to allow
compensation for individual variations
in Vgg of these two transistors together
with the potential drop tolerance in R,
and R ,.

(b) To make use of the d.c. level present
at the output of the phase splitter as a
reference.

The latter alternative represents a con-
siderable simplification and has therefore
been chosen.

Phase-splitter stage

Readers will note that the phase splitter
used consists of a long-tailed pair formed
by the transistors 7r, and Tr,. Other

S—— gy [ e - -
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alternatives could have been used, such
as a single transistor with equal collector
and emitter resistors (see Fig. 7) one phase
being taken from each output electrode.
The preference for the phase splitter was
set by the following considerations:

1. Voltage gain is obtainable from a
long tailed pair allowing a reduced voltage
gain in the power amplifier and making
a simpler design. In addition, a greater
ratio of open to closed loop gain is obtained,
giving lower distortion.

2. In the case of the single transistor,
the impedance seen by each of the identical
power amplifiers would be different since
the collector output impedance of the
phase splitter is higher than that of the
emitter. The long-tailed pair shows no
such disadvantage and provides identical
drive conditions for both power amplifiers.

3. A single transistor phase splitter
presents different d.c. levels at emitter
and collector thus complicating the prob-
lem of direct connection to the input of the
power amplifiers. In the case of the phase
splitter using a long-tailed pair, connection
is made to collectors at the same d.c. level
for both power amplifiers.

An examination of Fig. 5 reveals that
the bias arrangements for the two halves
of the phase splitter are different. Resistors
R, and R are of an order of ten times the
value of R, and R,. One of the main
reasons for this difference is that the input
to the phase splitter is fed to the base of
Tr, and it is necessary to preserve a high
input impedance (to avoid loading the
output of the pre-amplifier). The source
impedance seen by transistor Tr, when
taking noise into consideration will be
low, sinceé C,, the input coupling capacitor

and the impedance of the source acts as
a de-coupling network across R, and R,,,.
Provision of a network of similar imped-
ance at the base of Tr, would mean that
the source impedance seen by Tr, would
be too high for minimum noise output,
and additionally, radiated interference
would be easily picked up by this device.
The values chosen for resistors R, and R,
provide the optimum low-noise condition,
capacitor C; being used to de-couple
the bias chain at high frequencies to
eliminate noise from radiation sources.

In most conventional long-tail pair
arrangements efforts are made to see that
both halves of the pair are balanced in
their current, voltage, and impedance
characteristics. In this way such an
arrangement takes advantage of the in-
herent self-balancing of d.c. conditions
available from such a configuration. Since
in this version of the long-tailed pair we
have an impedance imbalance at the base
of each half of the long-tailed pair, gain
changes in the transistors arising from
temperature shifts is likely to result in a
drift in the relative d.c. voltage levels of
the two bases; this in turn appears at the
output of the long-tailed pair and hence
throws the power amplifiers into a state
of imbalance. In practice, this effect is
very small due to the selected high-gain
characteristics of the transistors specified
for Tr, and Tr,. As an example, if a mini-
mum gain transistor’s gain doubles due
to any changes in temperature, a differential
change in the base voltage of Tr, and Tr,
of about 120uV can be expected. The
resulting differential change in the output
voltage of the whole amplifier is likely to
be about 1.7mV.

1 Fig. 8. Total harmonic

| distortion at different

il power levels.
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As already mentioned, the input
impedance of the power amplifier is high
and thus though it shunts the collector
resistors of each half of the long-tailed
pair this need not be considered when
calculating the gain of the phase-splitter
stage. Gain is calculated by the ratio of
the collector resistors R, and R, to the
emitter resistors R, and R, and produces
a value of 15.3. Resistor R, is used to
connect the complete phase-splitter stage
to the positive rail. Since it is decoupled
by C,, ripple and noise is prevented from
appearing at the inputs of the power ampli-
fiers. Since the power amplifiers themselves
are fully hum-proofed, noise appearing
at the output source is extremely low.
One could argue that the de-coupling of
R, is not strictly necessary, since any hum
appearing at R, and R, will be in-phase
and will thus appear at the output of each
power amplifier still in phase, constituting
a null in the load. This condition would
only be true were the voltage gain of each
power amplifier equal. In practice this is
somewhat difficult to ensure, and anyway
the cost of the additional decoupling is
small ensuring low noise as well as inci-
dentally improving the high-frequency
stability of the amplifiers.

A further consideration in the selection
of the value of the collector resistors in
the phase splitter, was the requirement
to provide the appropriate d.c. level to
allow direct coupling into the power
amplifiers. This voltage is 28.5V allowing
the mean d.c. level of the power amplifier
output mid-points to be set at approxi-
mately +26.2V. Since a 50V supply rail
has been specified, one might expect this
output mid-point voltage to be nearer 25V,
however, the output voltage of the power
amplifiers cannot swing as close to earth
as it can to the positive rail because the
emitters of the current-sink transistor Tr,
and Tr, are set at 1.5V.

As has already been stated it is un-
desirable for differences in thed.c. mid-point
voltage levels to occur because of the
resultant large direct currents flowing in
the load. Component tolerances tend to
create such a situation which is to a
large extent compensated for by adjust-
ment of the base voltage of transistor 7r,
using the potentiometer RV, . This potentio-
meter allows the adjustment of the output
mid-point voltage in the right hand power
amplifier to the same level of the output
mid-point voltage of the left hand power
amplifier.

If low-cost wide-tolerance resistors
are used throughout the system it may
be found that the adjustment of RV, is
insufficient to correct any imbalance in
the output mid-point voltage. In such an
instance resistor R, should be reduced to
10k 2 and a 4.4k 2 potentiometer con-
nected in series with it giving an additional
adjustment to the left hand amplifier’s
output mid-point voltage.

High-frequency stability

Due to the high cut-off frequency of the
transistors used throughout this design
the whole amplifier has gain in the mega-
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hertz region and is therefore unstable.
Where straight resistive loads are to be
- connected stability ‘may be ensured by
connecting 100 pF, capacitors between
the collector and base of Tr; and Tr,.
However, if the load displays paraliel
capacitance the amplifier is again unstable
and capacitors C, and C, have to be added
and C,, and C,, increased to 330 pF.
Unfortunately, although this stabilizes
the amplifier, the maximum undistorted
output frequency is limited to about 10kHz.
Naturally this is undesirable and to
alleviate the situation and extend the
frequency response beyond 20kHz,
capacitors Cy, Cy, C,, and C,, have tobe
added. In addition, a small inductor L,
completes the stabilization arrangement.
This inductor can be made by winding 25
turns of 26 s.w.g. enamelled copper wire
in a single layer on a high value 1W resistor.
It may seem that rather a large number
of components have been used to ensure
the high frequency stability of the amplifier,
but this situation has arisen as a result of
the large open-loop gain of the amplifier
and the large current and voltage swings
involved. Distortion characteristics for
the amplifier are shown as a graph in Fig. 8.
The main performance figures are givenin
Table 2 and intermodulation distortion
readings in Table 3.

Construction

As is the case for the 15W amplifier des-
cribed in our previous article the layout
of this amplifier is not very critical. How-
ever, some simple rules should be observed
in the layout of the output stages. Trans-
istors Tr,,, Tr,,, Tr,; and Tr,, sheuld
be mounted as close as possible to one
another on the circuit board.

Short wires should be used to connect
these stages to the output transistors. If
possible separate leads from the emitters
of the n-p-n output transistors should be
taken directly to the reservoir capacitor.
Alternatively if the power supply and
reservoir capacitor are not close to the
power amplifiers these leads could be
connected to the circuit board at one point
close to the driver stages with the negative
lead from the power supply. A similar
arrangement should be made for the
emitters of the p-n-p output transistors.

As one may expect from an amplifier
of such an output there is considerable
heat dissipation in the output transistors.
In fact this amounts to about 25W, so
efficient heat sinking should be employed.
One heat sink should be used for each
output pair.

A method of component layout em-
ployed in the prototype was to make use

TABLE 2. Performance Figures

power output 100W

power output {t.h.d. = 10%) 150W
frequency response (+ 1dB} 10Hz—20kHz
signal-noise ratio (A, ..o =6000) 89dB
signal-noise ratio (R, .. = 10kQ) 84dB

input impedance at 1kHz 56k

Gutput impedance at 1kHz 0.0842

nominal input voltage (P,,, = 100w @ 1kHz) 180mV
power-supply current {at 100W & 1kHz) 3.5Ar.m.s.

s, 1

wedou . -

A complete amplifier. The four electrolytic capacitors used in the circuit are small
enough to be wired directly to the Lektrokit board.

of the plain perforated Lektrokit board.

To avoid the inevitable rage and frus-
tration in the event of turning your amplifier
on for the first time and seeing large black
clouds of smoke rising, the following
setting up rules should ' be closely
observed:—

(1) Terminate the input with a 10k«
resistor. Connect a voltmeter across the
open circuit output terminals.

(2) Set RV, and RV; such that their
wipers are at the end of their tracks
connected to the collectors of Tr, and Tr,.

(3) Set the wiper of RV, at its mid-
point.

(4) Connect a 3W Sk rheostat and a
250mA meter in series with the positive
supply lead. Set the rheostat to 5k% and
connect the amplifier to its power supply.

(5) Turn the power supply on, and
slowly reduce the resistance of the rheo-
stat to zero. Should the current drawn
exceed 150mA turn off and check the
wiring.

(6) Connect a voltmeter across the
output points and adjust RV until the
output voltage as read by the meter reads
0V (+50mV).

(7) Switch off. Disconnect the rheostat
and current meter, and connect a suitable
resistive load. Switch on and re-check the
differential output voltage. Re-adjust as
necessary and then switch off.

(8) Connect a 100mA current meter in
series with the emitter of 77 . Switch on
and adjust RV3 until 50mA is indicated.
Switch off.

(9) Move the meter connections to the
emitter of Tr;¢ and switch on. Adjust RV,
until the meter indicates 50mA. Switch
off, and remove the meter.

(10) Switch on and re-check the d.c.
differential output voltage. The amplifier
is now ready to be used.

Overload protection

In an amplifier of this type, some form of
protection is essential and the method
shown in our earlier article is suitable
for use here, though the number of items
is doubled. In addition the fitting of fuse
F, is regarded as imperative in view of
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TABLE’3. Intermodulation Distortion

output frequencies & amplitudes intarmodulation distortion

Hz v Hz v %)
1100 14.4 900 14.4 0.16
11k 144 Sk 144 0.23
10k 240 1k 6.0 0.14
10k 6.0 1k 240 0.14
10k 240 120 6.0 0.15
10k 6.0 120 24.0 0.15
1k 240 120 6.0 0.136
1k 6.0 120 240 0.145

the fact that the output stage can still
overheat under long-term overload con-
ditions. The value of this fuse should be 4A.

Power supply

It is just feasible that an unregulated
power unit could be used to supply this
amplifier, but it is important that under
no-load conditions the voltage does not
rise above 60V and at full power it does
not drop below 50V. Large currents are
drawn from the supply making these re-
quirements difficult to obtain and most
readers may favour a regulated unit. A
suitable design is given in Fig. 9, where
the 50V winding (rated at about 10mA)
provides a supply which when rectified
and smoothed acts as a constant voltage
source. Resistor R, acts as a constant
current source for the zener diode ZD,
and the parallel arrangement of RV, and
R, in series provide a small measure of
adjustment. Transistors Tr, and Tr, pro-
vide the necessary current gain to minimize
the effect of the base current swing of 77,
on zener diode ZD,. The dissipation in
Tr,, reaches a maximum of about 35W,
and so it should be mounted on a heat sink
having a thermal resistance of less than
3.5°C/W. The leads from C,, to the
emitters of the four output transistors
should be kept as short as possible.

The three electrolytic capacitors usedin
this power supply cannot be eliminated or
safely reduced in size. Separate trans-
formers can of course be used to provide
the 50 and 42 volt secondaries.
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Avionics at Farnborough

Some impressions from the electronics show

Have you ever thought of all the things
that occur when a modern aircraft is
displaced slightly from its flight path by an
air disturbance or for some other reason?
As an airline passenger one is inclined to
think only in terms of seating comfort and
cabin service and to hope that the wings
won’t fall off or that engines won't pack
up. It is interesting to look at the aircraft
as a single unit, that is, to roll all the
sub-systems into one.

The small disturbance mentioned above
will cause a host of transducers of many
types to give out a signal or to change
their existing outputs. Innumerable gyros
will measure the amount, rate and
direction of the disturbance; acceleromet-
ers will measure the size and direction of
the accelerations and decelerations
involved in three dimensions; aneroid and
other capsules will measure change in
height, airspeed and rate of climb or dive;
direction-finding aerials move slightly to
stay aligned on the beacon they are
tracking; doppler beats are generated
proportional to the rate of the disturbance;
flux valves measure the angle of the earth’s
magnetic field relative to the aircraft, and
SO on.

This flurry of signals is fed to a number
of digital, analogue and hybrid computers.
Trains of pulses are generated during the
computations, analogue signals change in
phase and amplitude in such a way as to
describe the amount and direction of the
displacement, scores of small motors turn
to either drive pointers or to assist in the
calculations by turning a shaft which
mimics the aircraft’s angle in a particular
plane.

As a result of all these actions the gyro
compass now indicates the new heading
(true or magnetic) and updates all the
navigation computers which will provide a
read-out of position; the outputs of the
accelerometers are changed into signals
representing velocity and to distance flown
in a given direction for the navigation
system; the doppler radar will be giving an
indication of ground speed and drift from
which true track can be computed; and
signals will be fed to limited authority
motors in the flying control system to
cause the hydraulics to apply control
surface movement to limit the size of the
displacement. With automatic control
the automatic pilot will apply control
surface movement, after taking into

Designed
primarily for air
- traffic control use
by Solartron the

interface
equipment shown
allows a standard
television tape
recorder to be
used to record
radar data for
subsequent
analysis on a
radar display.
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account the flying characteristics of the
particular aircraft. in such a way as to
correct the displacement practically before
it occurs. During even a disturbance these
and many other actions occur. For
instance, signals from different sources, but
describing the same thing, are compared
and an error signal may be generated to
correct one of the sources.

Apart from these systems there is the
radar blind-landing and communication
equipment as well as the electrical,
electronic, hydraulic, pneumatic and
mechanical systems needed to control and
monitor cabin pressurization, fuel
management, undercarriage, flying con-
trols, flaps, dive brakes, engines,
temperatures, etc.: etc.

All these systems have to be powered
and the prime movers for this are of
course the engines. The outputs of the
engine-driven alternators have to be
controlled in frequency and amplitude and
distributed throughout the aircraft so a
great deal of electrical equipment is
required.

The preceding few paragraphs were
presented so that the reader who is not
familiar with aircraft systems could get
some idea of how complex a modern
aircraft is. Not all systems were mentioned
and if a military aircraft had been taken as
an example. instead of a civil one, the
various weapon aiming systems would
have increased the complexity by a very
large factor.

. Britain’s avionic industry can design,
develop and build all the systems
necessary including the engines and the
airframe for any aircraft that is technically
feasible by today’s standards if it had the
money to do so. The only other countries
to have such a complete capability are
Russia and America.

This lead cannot be maintained unless
the industry designs and builds aircraft
and at present its hopes are placed on
perilously few products. Topping the list is
of course the Anglo-French Concorde
which stands to win £4,000M worth of
export orders if it comes up to its design
performance. There is also the
Anglo-French Jaguar and the European
Multi role combat aircraft (MRCA)
controlled by an Anglo, German, Italian
company called Panavia. There is the
successor to the BAC one-eleven, the
three-eleven, which is a short /medium haul
jet airliner capable of carrying about 250
passengers which could be ready by
mid-1975. About £200M is needed by
BAC to get this project off the ground.
Also awaiting money and policy decisions
are two vertical take-off airliner projects
the Westland WE.O1/02 which employs a
helicopter principle and the Hawker
Siddeley H.S.141, a modified Trident with
jet powered vertical take-off. If the British
aircraft industry is to stay with the leaders
it must have the money even if the costs
are offset to some extent by
Anglo-European co-operation. The bene-
fits for the country in terms of exports
could be enormous.

Not only can the British aircraft
industry build aircraft but, as was
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exemplified by the static exhibition of
Farnborough, our own electronics
industry is fully capable of meeting all the
demands likely to be made upon it for the
equipment so essential to today’s
aerospace technology.

At the show Marconi introduced a new
computer called Myriad-3 which is
designed around t.t.l. logic and is intended
for handling radar data.

Myriad-3 is a parallel binary fixed-point
machine with single address operation
having a word length of 24 bits with
facilities for double-length working.
Extensive input/output facilities are
available in the form of optional plug-in
modules. Most single-length instructions
take about 3.24s and the more
complicated instructions, such as multiply,
take around 1lus. Storage capacity is up
‘ to 256,000 - words and two types of store
are available; a 32k word store with a
650ns cycle time and a 16k word store
with a 1.6us cycle time. Because the store
timing is controlled from within the store
unit, it is possible to have both types of
store in a system, with the slower (and
cheaper) store carrying less urgent
information.

The basic machine comprises a number
of modular ‘building bricks’. The main
units are the central processing unit, store
units, power units, operators’ control unit,
programmers’ /engineers’ control unit and
a highway extension unit. A master
peripheral unit, designed to accept
standard control modules, accommodates
the input/output control circuits for
peripheral devices. ‘

Among the many demonstrations on
the Min-tech stand was the use of glass
fibre light guides in an experimental
optical communications system employ-
ing a gallium arsenide diode as the light
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This floating beacon manufactured by
Burndept, which has already captured
orders worth £50,000 from Norway,
operates on a primary battery and
transmits on both the civil and military
aviation distress frequencies (121.5 and
243MHz) for a minimum of 48hrs at
0°C. It measures 670 X 85mm and
weighs 2.89%kg.

A personal survival beacon, Sarbe 5,
introduced by Burndept for military use.
1t allows two-way speech and a built-in
test system.

source and an exhibit which showed how a
c.r.t. and associated keyboard could be
used on board an aircraft to communicate
with a navigational digital computer.

Visitors to Farnborough were able to
navigate their way round the airfield
without moving from the Sperry pavilion.
To do this, they went for a simulated run
in a Land=Rover equipped with the Sperry
Vehicle Navigator and Map Display
which is currently being offered for airfield
navigation duties.

The Land-Rover was driven in the
normal way; the wheels revolving against
a dynamometer to provide a speed input
for a computer. Turning the steering wheel
produced heading change inputs for the
computer, in place of the gyro or
flux-valve normaily employed. A map
display unit was mounted on the bonnet
for the demonstration and the position of
the vehicle was indicated by hair line
cursors. A digital computer monitored the
process.

The helicopter version of the Solartron
Simfire seen at the exhibition is one of a
family of direct fire weapon effects
simulators developed as aids for combat
training. The system has two basic roles.
As a method of training helicopter pilots
in making the best use of ground and
cover to avoid ground fire; and as a means
of assessing the vulnerability of helicopters
to ground fire, for operational analysis
purposes. A laser-beam projector is aimed
by the operator at a helicopter target.
When the operator ‘fires’, a stream of
pulses is directed towards the target.
Detectors on the helicopter receive the
laser beam impulses and illuminate
indicator lamps which show the pilot that
he is under attack. The direction of the
attack is indicated by a lamp to the pilot
who can then take avoiding action. If the
helicopter target is held in the centre of the
beam for a period exceeding one second,
the helicopter is “killed’.

Texas Instruments, as part of their
Klixon range, were showing what they
describe as a solid-state vane switch—a
contradiction of terms if ever there was
one. The device is designed to sense when
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a supply of cooling air is stopped or
reduced in a piece of equipment. The
sensing element is a positive temperature
coefficient thermistor built into a probe.

Sperry were showing a c.r.t. display
intended to replace a number of
instrument panel dials. The c.r.t displayed
characters and symbols to give aircraft
attitude, flight director information,
altitude, airspeed and weapon aiming
information either individually or as an
integrated display.

Decca Navigator, who were rightly
shouting about the recent order by
America’s Eastern Airlines for the
Omnitrac Area Navigation System, were
also displaying a new back-projection
navigation display.

Elliott Automation Radar Systems
introduced a new nose radar of advanced
design capable of terrain following,
mapping, ranging, and air-to-air operation
in strike aircraft while Elliott Flight
Automation had on display a digital
automatic flight control system for civil
use.

Ultra Electronics were displaying a
personal radio location beacon designed to
replace the larger beacon now in service
with the armed forces. Called Sarah-B the
beacon is capable of twin-frequency
working and it is built using thin film
circuit methods. It measures 110 X 75 X
25mm and weighs less than 20 oz
Sarah-B transmits a tone on the distress
frequency of 243MHz and can be used for
two-way communication over short ranges
on 243 or 282MHz; battery life is in
excess of 24hr.

That completes our quick glance at a
small percentage of products that were on
show at Britain’s biennial avionics
supermarket at Farnborough.

Among the new items introduced by
E.M.IL. was a video map generator (Type
VM101) which is designed to be an
inexpensive adjunct to radar simulators or
for use with real time radar displays for
simulating stationary or moving clutter.
It will also produce a video map. Patterns
are generated by a flying spot scanner.

Elliott’s stand contained a vast assort-
ment of equipment for both military and
civil applications and the Digital Systems
Department introduced an airborne display
control unit. Facilities provided by this
unit include alphanumerics, lines and
circles with 10-bit angular and positional
accuracy. Individual symbols can be made
to flash or be made brighter, and several
displays, each showing a different picture,
can be driven simultaneously.

Plessey had an engine vibration monitor
on show which was designed for Concorde.
The system consists of eight piezo-electric
transducers, one mounted on both the fore
and aft bearings of each of the four engines.
An eight-channel display of the flight deck
gives immediate indication of increased
vibration, often the first indication of
serious engine trouble. Another item on
the Plessey stand was a stall warning unit
for use on the Hawker Harrier. Intended
for use when the aircraft is hovering, the
unit senses an incipient stall condition and
warns the pilot by shaking the rudder bar.
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London Broadcasting Convention

Some developments in broadcasting seen at the September

.

convention

With over 80 technical contributions the
biennial International Broadcasting Con-
vention in London in September attracted
1000 delegates. Most of the papers were
about television—the big stride nearly a
year ago when the UK. passed out of the
405-line monochrome age into the 625-line
colour age overshadowing developments
in sound broadcasting.
Automation in broadcasting was one of
the major themes of the convention and a
good 25% of the papers dealt with some
aspect of automatic control of equipment,
ranging from closed loop servos for
particular operations (e.g. automatic
registration of colour-separation images in
television cameras) to a vast data
processing system using several digital
computers that controls the whole of the
NHK (Japan) broadcasting network and
even encompasses the audience. All this is
becoming necessary, apparently, because
of the increasing scope and complexity of
broadcasting operations and equipment
—human control is beginning to prove
inadequate—and, in turn, because of the
excessive cost of training and using
technicians for these operations. The
subject has become so important, and the
automation techniques are so varied and
complicated, that we intend to make a
special report on this aspect of the I.B.C.,
to be published in the November issue of
Wireless World.
Satellite broadcasting has its problems,
some of which have been discussed before.
One, discussed by P. L. Mothersole,
is that of mains isolation in television
receivers; a problem when thinking
in terms of adding a converter to
receive satellite broadcasts (such an
add-on unit would convert from fm. to
a.m. as well as frequency). But with a new
receiver design a convenient way around
this is to have an insulated winding on the
line scanning transformer, at earth
potential, providing the low-voltage supply
that would be required for a converter. A
possibility which Mr Mothersole foresaw
is the use of a communal aerial and
converter system. This would avoid
mounting and aligning dish aerials in
domestic installations, and could also help
to keep cost down.

An interesting point touched on by
J. Redmond, director of engineering,
B.B.C., in his address was that of sound

broadcasting from satellites in the h.f.
band. A study has shown this to be
technically feasible in the 21 and 26MHz
bands. The satellite would probably be in
a low-altitude orbit in such a scheme,
because of the high power needed from a
geo-stationary satellite—of the order of
tens of kilowatts. A power in the region of
1kW is thought feasible for a low-orbiting
satellite, and no doubt folding aerials
would not present undue difficulties. Snag
is the expense of maintaining orbiting
satellites and with the limited number of
sets able to receive 21 and 26MH:z
broadcasting authorities might feel there
would not be much return for an outlay
which could be as high as £10M p.a.

Speech clipping is used to increase the
average modulation level in transmitters
without overmodulation by reducing the
peak-to-average energy ratio in speech
waveforms. Normally this is done at
speech frequency and results in
trapezoidal waveforms. As well as
imposing a linear phase response on the
modulator this means a much wider
bandwidth is needed and also power
supply requirements would need to be
increased. To avoid modifying older
modulators to cope with the clipped
speech, frequency translation can be used
to ease filtering. The problem is of course
that some harmonics of low-frequency
speech signals in the clipped waveform are
still within the speech spectrum and can
not be filtered out. By modulating the
speech signal on to, say, a 20kHz carrier
(suppressed) and then clipping, filtering is
made easy. This is because the highest
upper-sideband frequency will be at, say,
25kHz—well away from the lowest first

. harmonic at about 40kHz. The signal is

then demodulated in a product detector.
With this kind of system, Radio Liberty
(Federal Republic of Germany) has
produced a clipper with harmonic
distortion of less than 1%, even with an
overload of 16dBm.

Studio acoustics. The well-known
technique of making models to predict
acoustic properties of concert halls has
been applied to studio design and fault
correction by the B.B.C. Pioneered by
Spandock at the University of Munich,
this is the first time it’s been used with a
good signal-to-noise ratio—at least

50dB—allowing models to be listened to
seriously. This method imposes severe
constraints on experimental apparatus,
severity depending on the scaling factor.
Not least of these is the problem of air
absorption. and to get the sound
attenuation right a relative humidity of 3%
is needed. The usual way of doing this is
with silica gel but it takes several weeks to
achieve the required dryness. In the B.B.C.
experiments H. D. Harwood and A. N.
Burd have reduced drying time to half a
day for the first drying and to 15 minutes
for subsequent drying by using an artificial
zeolite.

Using a scale model of a studio
reverberation time in the model agreed
with that in the studio to within + 10%
throughout the whole frequency range,
this difference being inaudible. The model
was also a success subjectively in that
addition of an ‘orchestra’, made from
polystyrene backed with felt, to the model
was clearly apparent in recordings made
from the model. An unexpected change in
tonal quality from the model occurred
when this orchestra was added, as well as
the expected change in reverberation time.
On checking against recordings made in
the real studio this change was also
apparent and although there is no obvious
theoretical explanation for this change the
fact that the model predicted it is a very
satisfying validation of the modelling
technique.

Another interesting development in
studio design is the realisation that
reverberation time need not be
independent of frequency. Absorbers
needed to keep low-frequency reverbera-
tion time low (say 0.33s, the recommended
value for talks studios) are expensive to
make and install, bulky and make
modifications difficult. Availability of a
recently constructed studio with remov-
able bass absorbers made experiments on
how much bass r.t. could be increased
possible. As a result of various subjective
tests,f it’s now recommended that r.t. can
rise to 0.4s at 500Hz, 0.47s at 125Hz and
0.74s at 62.5Hz.

A discussion of new developments in
television will be published in the November
issue.

t Spring, N. F. & Randall. K. E. “Permissible bass
rise in talks studios”. B.B.C. Engineering, July 1970,
pp.29-34.
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Domestic Receivers
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New techniques seen at the London trade shows

Television

The design of domestic receivers is a com-
pound oftwo elements: the available market
and the available technology. To be more
precise, the sales people are not interested
in the electronic contents of the box provided
the complete product is attractive for rent-
ing (and, to a smaller extent, owning);
technical features, whether real or cooked
up, are seen merely as fodder for sales
promotion campaigns. The engineers have
at their disposal new devices and tech-
niques and would like to use them to the
full in elegant, tidy circuits, but, being
restricted by cost, usually end up with a
design which to them is an unsatisfactory
comipromise.

What the engineers have in the back of
their minds, as a sort of Volksfernseh-
empfanger, is a flat box producing coloured
pictures and containing nothing more than
a few integrated circuits. We are certainly
on the way towards this ultimate, leaving
behind as we go valves, round tubes, mono-
chrome pictures, hybrid circuitry, dual
standards and discrete components. Mean-
while, in our present confused state of
transition, there exist side by side mono-
chrome and colour, hybrid and semi-
conductor circuitry, dual-standard and
single standard, picture tubes of different
sizes and shapes, single chassis and
modular construction, together with a
variety of “furniture” styles and elec-
tronic circuit techniques which seem like
tricks because they are individual to par-
ticular manufacturers and not yet standard.
In this confused situation it is difficult to
decide what is “typical”.

To begin with the most obvious thing,
the picture tube, the six main sizes available
last year (19in, 20in, 22in, 23in, 24in and
25in) have now been supplemented by two
more, 17in (monochrome)and 26in (colour).
There are in addition the various portable
battery sets with screen sizes of 12in and
smaller. The range, however, is not as
embarrassingly large as it seems, as the
19in and 23in monochrome tubes have
been superseded by the 20in and 24in
sizes respectively, and the 25in colour
tube, though still being used in sets, is due
to be replaced eventually by the 26in type.
The 17in monochrome tube really takes
the place of the 16in type that has been

widely used in transportable and small
“second sets”. Thus one sees a general
up-grading in size all round. Monochrome
tubes have deflection angles of 110°,
colour tubes 90°; but colour tubes with
deflection angles of 110° and, consequently,
a few inches off their length, are available
on the Continent and it is only a matter of
time before they appear in British sets.

The distribution of valves, transistors
and i.cs in receiver - circuitry varies con-
siderably from maker to maker. British
Radio Corporation and Rank Bush Murphy
have all-transistor colour sets which are
virtually the same as last year’s designs,
and a new transistor colour receiver has
been introduced by Philips. In the hybrid
receiver circuits, colour and monochrome,
it is common practice to use valves for the
line and field scanning oscillators, for the
associated output stages and for the sound
output, but there is some variability with
other stages. In a Decca single-standard
monochrome chassis, for example, valves
are also used for the 1st and 2nd i.f. stages,
video amplifier, sync separator and line
pulse discriminator. This design is, however,
very much up with the times in having an
integrated circuit, the Motorola MC1351P,
for the sound intercarrier i.f. amplifier and
f.m. detector (followed by a transistor a.f.
output stage). Some current monochrome
sets are still all-valve designs except for
the u.hf. tuner. Generally speaking the
UK. manufacturers are not bothering to
put design effort into producing all-
transistor monochrome circuits, which will
only be foundin the small imported portable
sets.

Integrated circuits, last year restricted
to the intercarrier sound and colour de-
coding functions* have now blossomed
out somewhat, and in the new Philips colour
receiver mentioned above there are four:
(1) intercarrier sound; (2) stabilization for
the tuner; (3) video pre-amplification, line
gated a.g.c., sync pulse separation, noise
protection for a.g.c. and sync channels; and
(4) PAL switch, identity circuit and colour-
difference demodulators. These devices are
available from Mullard under the general
type-number prefix TAA. But the general

*“Colour Receiver Integrated Circuit” Wireless
World, August 1968, p.263.
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run of set makers is still rather wary about
using i.cs, mainly for the reason that, as
distinct from the digital computer field,
there is a lack of standardization and
“second sourcing” in the manufacture and
supply of devices.

Two noticeable trends in circuit design
this year are the use of variable-capacitance
diode tuning and the replacement of wound
components by equivalent circuitry using
transistors, resistors and capacitors. Vari-
able-capacitance diode tuning on both u.h.f.
and v.h.f. has been used fairly extensively
for some time in Continental television
tuners but this is the first time it has
appeared in sets on the British market.
Examples of the technique were seen in
receivers by Philips, Ekco, ITT and Teleton.
The reason why varicap diodes, as they are
called, have not been used here is a techno-
logical one and not, as might be thought,
because U.K. makers were slow to appre-
ciate the advantage of diode tuning. It is
to do with the way in which channels are
allocated.

In the UK., u.h.f. channels are assigned
to transmitters in groups of four. In most
cases the four channels are n,n + 3,n + 6
andn + 10,0orn, n + 4,n + 7Tand n +
10, n being the lowest channel number for
each station. For example: the channels
assigned to Emley Moor are 41 (n),44.(n+
3), 47 (n+6) and 51 (n+ 10). Those as-
signed to Winter Hill are 55 (n), 59 (n+4),
62 (n+7) and 65 (n+ 10).

It will be seen that in each case the
highest channel is spaced 10 channels from
the lowest, which means that with the
8-MHz channel spacing laid down by the
European frequency plan the highest
channel is 80MHz away from the lowest.
Now, for a receiver tuned to the lowest
channel, the highest channel becomes
the image frequency. This is because
the agreed vision if. is 39.5 MHz.If the
oscillator is tuned “high” as is usually
the case, the image frequency is 39.5
Hz “on the other side of’ (above) the
oscillator or 79 MHz above the wanted
station.

This figure is only 1 MHz short of the 80
MHz separation between n and n + 10 and
a signal radiating at n + 10 if allowed to
enter the pass band of a receiver tuned to
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n channel would beat with the oscillator
and cause severe interference at i.f., unless
measures were taken to eliminate or greatly
attenuate signals at image frequency. In
the case of an oscillator’tuned “low” the
wanted channel and image channel would
be in reverse, i.e. n + 10 and nrespectively.
The presence of interference channels at
image frequency is unavoidable because
four of the forty-four available channels
have to be allocated to several hundred
stations, which necessitates the same
channels being shared by many stations.
The two stations quoted already share their
channels with up to six others.

It is arranged for stations sharing chan-
nels to be sited geographically remote from
each other, and mutual interference can also
be alleviated by the useof directional aerials.
Despite this, u.hf. tuners have to be
designed with specially selective r.f. circuits
to reject signals outside the pass band,
particularly those at image frequencies.
By arrangement between BREMA (the
association of set manufacturers) and the
broadcasting authorities the specification
for the magnitude of rejection or attenuation
of image frequency signals is fixed at 53
dB. All makers try to achieve this.

Using valves and three variable tuned
r.f. circuits controlled by a ganged capacitor,
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53 dB image rejection is relatively easy to
obtain over the u.h.f. bands. However,
because of production spreads it is difficult
to track the capacitance of four varicap
diodes (three r.f. tuning and one oscillator)
over the required frequencies to obtain
the specified selectivity. )

On the Continent, in Germany for
instance, transmitter density is much less
and the receiver if. is different (38.9 MHz
vision), therefore the problem does not arise.
The German specification for image rejec-
tion is 40 dB. This less stringent require-
ment allows the designer to use one less r.f.
tuned circuit, and the incorporation of three
varicap diodes instead of four, making
tracking relatively easier.

In the varicap-diode tuner designed by
Philips (Fig 1) the basic problem has been
overcome in two ways. First, matched sets
of five diodes with similar voltage/capaci-
tance characteristics are selected for indi-
vidual tuners. The fifth diode is employed to
equalize the oscillator voltage over the
tuning range. Secondly, a special image
frequency rejection tuned circuit is built in.
This is coupled to the aerial input inductor
in the emitter of the r.f. amplifier transistor.
It is automatically tuned to the image
frequency as the aerial input is tuned to the
wanted station.
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Fig. 1. Skeletal
diagram of Philips
u.h.f. tuner. L, and AF.C.
C, are associated unit
with the image
rejection circuit.
Varicap diodes
D,-D, provide tuning
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of the aerial input,
bandpass primary
and secondary, and
oscillator respectively.
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Push-button channel selector (left) and pre-set potentiometers (right) of the Philips varicap-
diode tuner (Fig. 1), as used in the Philips G8 colour television receiver.

Wireless World, October 1970

The big advantage to be had from using
varicap diodes is, of course, that tuning
is possible by means of a single simple
potentiometer. The Philips receiver uses six
preset potentiometers, each associated
with a press-button switch, and so provides
a six-programme station selector.

Two additional bonuses in the hands of
the set designer are the smaller size of the
tuner unit itself and the realization that the
unit can be mounted anywhere in the cabi-
net. The press-buttons need be only simple
switches remotely connected to the tuner
via low-voltage wiring. Inthe Philipsreceiver
the tuner unit is actually mounted on the i.f.
printed panel and it appears in the unusual
position in the centre of the chassis. The
effort required to operate the “programme-
change” buttons, as Philips call them, is
surprisingly light when compared with
mechanical systems.

The varicap diodes, being voltage-
dependent devices, are susceptible to varia-
tions in supply voltage. Since any variation
in supply voltage would have a serious
effect on tuning accuracy it has been found
necessary to stabilize, not only the receiver
power supply, but also the voltage line
feeding the tuner itself. The tuner incorpor-
ates a simple i.c. stabilizer (see above).

In order to take station tuning out of the
viewer’s hands and make it into a preset
adjustment, the six tuning potentiometers
are concealed by a plastics cover at the rear
of the receiver. Any tendency for the tuning
to drift during reception is counteracted by
an a.f.c. circuit which provides the large
pull-in range of 1-2 MHz either side of the
correct tuning point. To prevent the receiver
being “captured” by a strong transmission
during programme changes the a.f.c. is cut
while a button is pressed.

Avoidance of wound components was
illustrated by a technique used in an ITT
colour receiver, type CVCS, which is based
on a Schaub Lorenz design that has been
available in Germany for about a year.
The circuit has R-Y and B-Y synchronous

wdemodulators that dispense with the usual
transformers needed to drive the electronic
switching circuits (see for example, W.W.
May 1969, p.223). The arrangement used
is shown in Fig. 2. The demodulators proper
function in the manner of a symmetrical
phase discriminator. To one side of this is
applied the subcarrier reference oscillation
(for R-Y, via the 62pF capacitors; for B-Y,
via the 5608 resistors), while to the other
side is applied the signal voltage to be
demodulated (at the common point of the
33pF capacitor in each case). At the
common point of the 4700 resistors in
each demodulator the demodulated colour
signal appears without the reference oscil-
lation because the reference oscillation is
balanced out in the bridge network. As can
be seen the R-Y demodulator is preceded by
a transformerless PAL reversing switch
which operates on the chrominance signal
from the delay line, not on the reference
oscillation.

It has become customary with transistor
colour receiver circuits to use RGB driveto
the c.r.t. cathodes, as this requires lower



