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PANORAMA.... THE PICTURE 
. WITHllfE 

IN IT! .• 
New PANORAMA tubes bring a fresh exciting 
sparkle to television. For the first time ever you're in 
touch with direct vision. There are no protective 
screens, no twin panels, no multiple reflections, no 
dust-nothing to spoil the clearest, truest-to-life 
reproduction ever seen. , 
And PANORAMA has long-life too. All the proven 
features of world-famous Mullard "Radiant Screen" 
tubes have been built into PANORAMA to make 
doubly certain that PANORAMA is the picture with 
life in it. 

Mullard 
6WW-112 FOR FURTHER DETAILS. 
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F. L. Devereux Retires 
AFTER more than40 years with Wireless World, including eight as Editor, F. L. Devereux 

has retired. A native of Birmingham, he became interested in wireless while at 

school in 1913 and had the (then) rare distinction of being given drawing a circuit 

diagram in the flyleaf of his history book. He succeeded in building a crystal receiver, 

·· including headphones made from wooden pill boxes, with which he could receive (in 

Morse) the news bulletins from Eiffel Tower and recalls telling his parents that war had 

been declared hours before the special editions of newspapers were on the streets. 

In 1917 he went to Parkeston Quay, Harwich, as a laboratory mechanic in the Board 

of Invention and Research engaged on anti-submarine methods, and in 1918 joined the 

Navy as a midshipman (Anti-submarine Division). 

F or a period immediately after demobilization in 1919 he joined his father in the family 

business as a manufacturing jeweller, but believing his potentialitiesto be scientific rather 

than artistic he was allowed to go to Birmingham University for three years where he took 

a degree in physics. 

After toying with idea of following his Professor's advice · to go into teaching, he 

finally settled for what by now was cleady his abiding interest and in 1922 joined a 

Birmingham firm then in process of diversifying into the new field of sound broadcasting. 

H e supplemented his meagre income by writing weekly features on the technical aspects 

of broadcasting for the Birmingham Post, which were subsequently produced in evidence 

when he was asked to show just cause why he should not accept a post on the editoriaJ 

staff of Wireless World in 1923. 

Mter a brief return to industry in 1924, during which time he continued to contribute 

regularly to W. W., he rejoined the permanent staff and served for 30 years as an editorial 

assistant until he was appoirited Assistant Editor in 1956 and Editor in 1957. 

It is perhaps invidious to single out any one facet of his many contributions to the journal, 

the large majority of which have been unsigned, but mention must be made of the series 

of loudspeaker tests which he introduced in 1935 having built and calibrated an automatic 

loudspeaker frequency response curve tracer. It can now be said that more than one 

manufacturer submitted a prototype of a new loudspeaker for test before going into 

production! 
G. A. Briggs in his "Audio Biographies," says: "Although I have known F.L.D. 

some twenty-five years, ther·e has never been any ' scratch my back and I'll scratch 

. yours' about the association. (You can't work that way with reputable journals or good 

audio writers.) " 
We wish him a long, happy and healthy retirement during which he will have more 

time to enjoy his recreational interests, which include playing the viola, agriculture and 

horticulture. 

Mr. Devereux is succeeded as Editor by H. W. Barnard, who has been 40 years with 

W ireless World, and Assistant Editor since 1959. T. E. Ivall, who recently returned to the 

editorial staff after a few years' absence, becomes Technical Editor. At the same time, 

W. T. Cocking, who has been associated with the journal for -35 years and has recently 

been Editor of Industrial Electronics, has been appointed Editor-in-Chief of both Wireless 

World and Industrial Electronics. 
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Field-effect Devices 
By G. H. OLSEN,* B.Sc., A.M.I.E.R.E. 

ALTHOUGH it has been possible for more than thirty 
years to .make field-effect devices in the laboratory,. 
it is only recently that the significant advances made 

in semiconductor technology have enabled us to manu
facture reliable units with useful characteristics. In an 
early form (0. Heil's patent-1935) the resistance of a 
semiconducting layer could be varied by the application 
of a varying voltage to an adjacent ·control electrode. The 
control electrode, although .close to the semiconducting 
layer, was electrically insulated from it. In those days 
materials such as cuprous oxide and vanadium pt!ntoxide 
were used, whereas to-day we employ p- and n-type 
silicon, cadmium sulphide, cadmium selenide and other 
semiconductors known to the manufacturers of solid
state devices. We have, in the fi.eld-effect transistor 
(f.e.t.), a device of outstanding importance; and it is 
not therefore surprising that in the last few years increas
ing .emphasis has been placed on research into the physics 
and applications of such devices. It is, perhaps, not too 

*Rutherford College of Technology, Newcastle-upon-Tyne. 
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rash to predict the eclipse of the conventional transistor 
in 3everal applications. 

The trend in the last ten years towards transistorizing 
equipment has made us realize that the ordinary form 
of transistor suffers from several disadvantages, the most 
important being a low input-impedance. in conventional 
transistors noise is an inherent problem that results from 
the inevitable crossing of potel)tial barriers by majority 
carriers and the recombinations that occur mainly in 
the base region. When using transistors in D.C. ampli
fiers for low-level work, in the medical or biological 
fields, for example, the off-set voltage is troublesome. 
Readers will recall that when we use ordinary transistors 
as choppers in d.c. amplifiers there is a small output from 
the chopper amplifier even when there is no input volt
age. This output voltage, known as the off-set voltage, 
results from the difference between the unequal voltages 
that exist across the two p-n junctions within the tran
sistor when the latter is in the "on" or conducting state. 
Unfortunately the offset voltage is a function of tempera
ture so that variations of ambient temperature give rise 
to the introduction of a spurious "input" voltage. 

Field-effect devices, as we shall see later, overcome 
these disadvantages. The reverse-biased diode type of 
f.e.t. has an input resistance of about 1010 ohms, whilst 
the insulated gate types now under development have 
input resistances approaching 1011

' ohms with input 
capacitances of less than 5 pF. Herein lies the most 
important advantage of the field-effect transistor. Since, 
in the f.e.t.; current is carried by only one type of 
charge carrier, and there are no potential barriers to 
cross, new devices have a lower noise figure than 
ordinary transistors. In addition f.e.ts. have no off-set 
voltage. This means that we can now combine the 
desirable features of the thermionic valve with those of 
a conventional transistor in a device that could be a 
st.perior substitute for both in many circuit applications. 

Basically tb.ere are three types of field-effect transistor, 
namely, the reverse-biased p-n junction type, the insu
lated gate device based on a single crystal and the 

Above: Fig. I. The Shockley-type 
device. 

SOURCE !>RAIN" GATE 1 GATE 2 

Right: Fig. 2. A Ferranti-type 
device. For many applications gate 
I and gate 2 are connected together 
in the external circuit. 
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insulated gate version that uses a polycrystalline layer 
of semiconductor. 

The Reverse-biased Diode F.E.T. 

This type of device was first proposed by Shockley\ who 
called it a unipolar field-effect transistor becaus'e only one 
type of charge carrier is used to carry the current. This 
is different from a conventional bipolar transistor in 
which both majority and minority charge carriers are 
involved. 

Fig. 1 shows schematically the construction of such a 
device. A bar of n-type material has p-type impurities 
introduced into opposite sides. These p-type regions 
form the control electrode known as the gate. Between 
the gate electrodes there exists a channel of conducting 
material extending to ohmic contacts at the ends. One 
end is called the source and the other end the drain. 
Majority . carriers (electrons in this case) may then flow 
along the channel from source to drain between the gate 
electrodes. The source-to-drain current, In, for a given 
source-to-dra,in voltage, Vns, will depend on the total 
resistance between the drain and the source. The resis
tance is determined by the effective width of the channel 
between the gate electrodes. The gate-channel junctions 
are operated . ·as reverse-biased p-n junctions. As the 
revers'e voltage is increased, the depletion layer is exten
ded into the body thus reducing the effective channel 
width and hence its conductance. It will be recalled 
that the depletion layer is an insulating layer since, as the 
term implies, this region is depleted of charge carriers. 
Thus, we can modulate the source:.to-drain current by 
the application of varying gate voltages. Since the gate
channel junction is operated as a reverse-biased diode, 
the gate input resistance for silicon devices is extremely 
high. As will be seen from Fig. 1, depletion layer thick
ness is not constant in width along the cpannel. The 
region of the · gate nearer the drain will have a greater 
reverse-bias voltage than elsewhere because of the volt
age drop along the channel. The application of sufficient 
reverse voltage reduces the effective channel width to 
zero, and thus the current, In, is cut off. The channel 
is 'then said to be "pinched-off." The minimum voltage 
between the gate and source necessary to produce pinch
off conditions is termed the pinch-off voltage, Vp. 

Although improvements in transistor technology have 
modified the physical arrangement used in the Shockley 
transistor, the principle of operation remains unaltered. 
The early Shockley types could not be made in commer
cial numbers with the techniques available in the mid-
1950s. Now that the industry has mastered masking, 
diffusion and epitaxial techniques for silicon devices, we 
are able to manufacture f.e. ts with a reasonable degree 
of reproducibility. Fig. 2 shows the physical form of a 
modern f.e. t. taken from a Ferranti report. 2 The drain 
characteristics for one of their commercially available 
devices are also given. At the time of writing (Feb., 
1965), the cost of such devices is high (approaching £10 
each for several manufacturers' products). However, 
such cost reflects the expensive research involved. Fun
damentally, the devices are cheap to make; and with the 
fast-increasing use of large numbers of f.e.ts lit is 
expected that the cost will compare favourably with that 
of conventional transistors. 

Fig. 3(a) shows a circuit designed by Ferranti Ltd. for . 
the ZFT 12 field-effect transistor6

• In order to test the 
claims made for the device the circuit was assembled un 
a piece of Veroboard* 2t in by 1 in. The gate electrode 

*Trade name of Vero Electronics Ltd. 
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Fig. J(a). High input impedance circuit (Ferranti Ltd.) . 

OUTPUT WAVEFORMS 
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(1sV .Pk-to-pk) 

50kc/s SQUARE-'w'AVE 
. (15V pk-to-pk) 

Fig. J(b). Oscillograms showing the performance of the amplifier 
of Fig. J(a) under the conditions described in the text. 

was taken directly to a polythene-insulated terminal. The 
output of the f.e.t. is taken via a capacitor to the base 
of a silicon n-p-n bipolar transistor. Heavy negative 
feedback is used to increase the input impedance of the 
complete amplifier. Ferranti claim for their circuit an 
input resistance of 500 MO, an input capacitance of 
4.5 pF and unity gain. The resistors in the test amplifier 
were ordinary_ 10% tolerance types. The amplifier was 
found to have an input resistance of 490 MO, an input 
capacitance of 10 pF (including the very short input lead) 
and a gain of 0.99. The distortion at 1 kc/s was too low 
to be measured on a Marconi distortion meter when the 
input voltage was 4 V r.m.s. Clipping of sine waves was 
not evident on the oscilloscope until the r.m.s. voltage 
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the ZFT 12 field-effect transistor". In order to test the 
claims made for the device the circuit was assembled on 
a piece of Veroboard* 2) in by 1 in. The gate electrode 

* Trade name of Vero Electronics Ltd. 

Fig. 2(a). High input impedance circuit (Ferranti Ltd.). 
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Fig. 3(b). Oscillograms showing the performance of the amplifier 
of Fig. 3(a) under the conditions described in the text. 

was taken directly to a polythene-insulated terminal. The 
output of the f.e.t. is taken via a capacitor to the base 
of a silicon n-p-n bipolar transistor. Heavy negative 
feedback is used to increase the input impedance of the 
complete amplifier. Ferranti claim for their circuit an 
input resistance of 500 Mil, an input capacitance of 
4.5 pF and unity gain. The resistors in the test amplifier 
were ordinary 10% tolerance types. The amplifier was 
found to have an input resistance of 490 MH, an input 
capacitance of 10 pF (including the very short input lead) 
and a gain of 0.99. The distortion at 1 kc/s was too low 
to be measured on a Marconi distortion meter when the 
input voltage was 4 V r.m.s. Clipping of sine waves was 
not evident on the oscilloscope until the r.m.s. voltage 
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reached 5.1 V. Fig. 3(b) shows the outward waveforms 
obtained with an input sinusoidal voltage of 4 V r.m.s. at 
1 kc/s and square-wave inputs of 15 cjs, 200 cjs, 1 kc/s, 
10 kc/s and 50 kc/s. The square waves had a pk-pk 
voltl:!ge of 15 V. 

The Metal-oxide-semiconductor Transistor 
Insulated Gate F.E.T. 

An 2.ttempt to increase further the input resistance of 
field-effect devices has resulted in a return to .o. Heil's 
idea whereby the gate electrode is electrically insulated 
from the conducting channel. The construction and 
mode of operation is, therefore, significantly . different 
from che Shockley reverse-biased diode type. Although 
only in the development stage at the moment, it seems 
that this latest device will give a much improved per
formance over the diode type. 

There are several ways in which the insulated gate type 
of transistor may be constructed. Let us consider first a 
prototype model of the kind made by Hofstein and Hei
man. :: Once this type has been understood, modifications 
can be easily appreciated. The main constructional fea

are shown in Fig. 4(a). A p-type silicon body is 
used as a substrare upon which are diffused two. heavily 
doped n-regions in closely spaced ·parallel strips along 
the body. A layer of silicol\ dio'Xide some 1,000 A thick 
is then thermally grown or evaporated on to the surface 
using a mask to leave the n-type regions uncovered. On 
the -:;urface of the silicon dioxide insulating layer, and 
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between the n-type regions, an aluminium layer is de
posited, which acts as the gate electrode. This method 
of insulating the gate is preferred to the use of a discreet 
wafer of insulating material partly because of the thinness 
that can be achieved, and also because a thermally grown 
silicon dioxide layer passivates the silicon surface (i.e. it 
reduces very considerably the density of surface traps). 
Ohmic contacts are made to the n-regions (one · of which 
acts as the sink and the other the source) and also the 
gate. By making the gate positive with respect to the 
source, a positive bias exists between the gate and the p-type 
body in .the region of the source. Positive charge carriers 
are repelled into the body and negative charge carriers 
are attracted to the surface. At the body-silicon dioxide 
interface there is thus induced an n-type layer of mobile 
charge carriers. This layer connects the drain and sourc:e 
resistively; it is often referred to as an inversion layer 
because, on increasing the gate voltage from. zero, the 
channel, originally p-type, becomes intrinsic and then 
finally an n-type layer is formed. Further increases in 

. gate voltage increase the number of electrons in the chan
. nel thus reducing the resistance between the source and 

drain. If a voltage is now applied between the source 
and drain, a drain current, I o, will flow. The magnitude 
of the drain current can be varied by applying varying 
voltages .to the gate. Although the gate is positive no 
current is taken by this electrode, since the silicon dioxide 
acts as an excellent dielectric. 

Input resistances of the order of 1012 ohms have been 
achieved in available British units; whilst the Americans 
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Fig. 4(a). An enhancement-type unir and typical characteristics; (b) A depletion-type device. 

262 WIRELESS WORLD, jUNE 1965 

reached 5.1 V. Fig. 3(b) shows the outward waveforms 
obtained with an input sinusoidal voltage of 4 V r.m.s, at 
I kc/s and square-wave inputs of 15c/s, 200 c/s, Ikc/s, 
lOkc/s and 50 kc/s. The square waves had a pk-pk 
voltage of 15 V. 

The Metal-oxide-semiconductor Transistor 
Insulated Gate F.E.T. 

An attempt to increase further the input resistance of 
field-effect devices has resulted in a return to O. Heil's 
idea whereby the gate electrode is electrically insulated 
from the conducting channel. The construction and 
mode of operation is, therefore, significantly different 
from the Shockley reverse-biased diode type. Although 
only in the development stage at the moment, it seems 
that this latest device will give a much improved per- 
formance over the diode type. 

There are several ways in which the insulated gate type 
of transistor may be constructed. Let us consider first a 
prototype model of the kind made by Hofstein and Hei- 
man.'1 Once this type has been understood, modifications 
can be easily appreciated. The main constructional fea- 
tures are shown in Fig. 4(a). A p-type silicon body is 
used as a substrate upon which are diffused two: heavily 
doped n-regions in closely spaced parallel strips along 
the body. A layer of silicon dioxide some 1,000 A thick 
is then thermally grown or evaporated on to the surface 
using a mask to leave the n-type regions uncovered. On 
the surface of the silicon dioxide insulating layer, and 

between the n-type regions, an aluminium layer is de- 
posited, which acts as the gate electrode. This method 
of insulating the gate is preferred to the use of a discreet 
wafer of insulating material partly because of the thinness 
that can be achieved, and also because a thermally grown 
silicon dioxide layer passivates the silicon surface (i.e. it 
reduces very considerably the density of surface traps). 
Ohmic contacts are made to the n-regions (one of which 
acts as the sink and the other the source) and also the 
gate. By making the gate positive with respect to the 
source, a positive bias exists between the gate and the p-type 
body in the region of the source. Positive charge carriers 
are repelled into the body and negative charge carriers 
are attracted to the surface. At the body-silicon, dioxide 
interface there is thus induced an n-type layer of mobile 
charge carriers. This layer connects the drain and source 
resistively; it is often referred to as an inversion layer 
because, on increasing the gate voltage from zero, the 
channel, originally p-type, becomes intrinsic and then 
finally an n-type layer is formed. Further increases in 
gate voltage increase the number of electrons in the chan- 
nel thus reducing the resistance between the source and 
drain. If a voltage is now applied between the source 
and drain, a drain current, Id, will flow. The magnitude 
of the drain current can be varied by applying varying 
voltages to the gate. Although the gate is positive no 
current is taken by this electrode, since the silicon dioxide 
acts as an excellent dielectric. 

Input resistances of the order of 1012 ohms have been 
achieved in available British units; whilst the Americans 
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Pig. 4(o). An enhancement-type unit and typical characteristics; (b) A depletion-type device. 
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Fig. 5. Alternative geometry for an insulated-gate f.e.t . 
The heavily dop.ed regions are shown dotted. 

are claiming up to 101 5 ohms for some of their transistors. 
We have therefore a solid-state device that is a close equiva
lent. to a triode insofar as it is a voltage-operated device 
with a very large input impedance. 

Insulated gate field-effect devices may be operated in 
one o.f two ways, namely, the enhancement mode or in 
the depletion mode, depending upon the form of con
struction used. In the enhancement mode we have an 
n.;.type channel between heavily doped n-type regions 
with the gate extending across the entire channel as in 
Fig. 4(a). The gate is forward-biased enhancing the 
number of. electrons in the channel and reducing the 
source-to-drain resistance. At zero gate voltage the num
ber of charge carriers in the channel is very low and so 
the drain current is effectively zero. One of the dis
advantages of the enhancement type unit is the large 
capacitance associated with the gate electrode. To over
come this we may use an offset gate that does not cover 
the whole of the channel. Normally this would produce 
a very high resistance in the channel region not influenced 
by the gate. However, by suitable doping, a channel may 
be produced that has appreciable conductivity at zero 
gate voltage. Such a transistor would be a depletion 
type and have the drain, source and channel regions all 
of the some conductive-type material although the drain 
and source regions are still heavily doped. The gate 
voltage must then be driven to some negative value 
before the drain current is zero. Fig. 4(b) shows the 
cross-section of this type of unit together with typical 
characteristics. It will be seen therefore that the pinch
off voltage, V 0 , for a given transistor may be positive, 
zero or negative depending upon the construction. In 
practice it is difficult to determine just when the drain 
current is zero so V 0 is defined as that voltage that reduces 
the drain current to some specified low value (say 10 to 
20p.A). 

Fig. 5 show's an alternative geometry. Some manu
facturers (e.g. Ferranti and Mullard) make a fourth con
nection to the substrate creating a four-terminal device. 
Many workers are now exploiting f.e.ts., and since 
several applications have been published, they will not be 
repeated here (see for example the article by F. Butler 
in the February 1965 issue of the Wireless World, corres
pondence in .the following month's issue and also the 
Mullard booklet on their 95 BFY f.e.t.) . 

T(hin)-F(ilm) T(ransistors) 

Conventional transistors, and those field-effect types 
so far described, depend for their successful action upon 
mechanisms within single crystals that have been suitably 
doped, polycrystalline material being clearly unsuitable. 

WIRELESs WoRLD, JuNE 1965 

However, a new type of amplifying device, that may 
loosely be called a transistor, has been described by 
Weimer.4 A microcrystalline layer of semiconductor has 
been used as a channel; and it is claimed that when low 
resistance contacts are made to the film, thus forming 
source and drain electrodes, a device is obtained that has 
a voltage amplification factor greater than 100, an input 
impedance of greater than 106 

· ohms shunted by 50 pf, 
gain-bandwidth products in excess of lOmc/s and 
switching speeds of less than 0.1 p. sec. So far as the 
writer is aware these units are not available from British 
manufacturers, but if the· claims made for the device are 
realized in units that can be easily reproduced on a com
mercial scale, then a potentially cheap and popular tran
sistor will be added to the range already available. 
Development is being pursued feverishly and already 
Weimer, Shallcross and Barkan/ with an improved elec
trode arrangement, have raised the input resistance to 1010 

ohms and extended the gain-bandwidth product to · 25 
mcjs. 

Cadmium sulphide was chosen by these workers for 
the semiconducting film, presumably because a good deal 
is known about the solid-state physics of this material as 
well as the technology associated with its deposition in 
thin films . Fig. 6 shows diagrammatically the coplanar 
electrode form of a thin-film transistor (t.f.t.). A poly
crystalline n-type CdS layer, a fraction of a micron thick, 
is deposited on an insulating substrate; and evaporated 
aluminium contacts are made to form the source and 
drain. The length of these electrodes is about 2 to 5 mm, 

S i 0, OR OTHER INSULATOR 

GATE 

INSULATING SUBSTRATE 

Fig. 6. A coplanar electrode arrangement of a thin-ftlm transistor. 

and they are spaced about 10 microns apart. An insulated 
gate is then formed in the usual way, the insulator being 
about . 500 A thick. Insulating materials found to be 
satisfactory are silicon monoxide and calcium fluoride. As 
in the Le.t. described earlier, the presence of the 
insulating layer permits positive biasing of the gate with
out that electrode drawing current of any great magni
tude. Typical drain characteristics exhibit the pentode-like 
characteristics of the f.e.t. 

There are no prizes for guessing that the way in which 
this type of transistor works is more complex than those 
field-effect devices that rely on single crystals. In fact, 
the mechanism whereby the gate modulates the drain 
current is not yet fully understood. The picture is cer
tainly complicated by the fact that the semiconducting 
layer consists of many small crystallites thus introducing 
the complications of grain boundaries and surface defects. 
The t.f.t. is a majority-carrier device in which the appli
cation of a voltage to the gate brings about the injection 
of majority carriers into the semiconductor via the source 
electrode. Many charge carriers are held by the surface 
traps and other immobile sites; and those that are not so 
held contribute to the density of mobile carriers. Increa
sing the gate voltage in an enhancement type unit 
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Fig. 5. Alternative geometry for an insulated-gate f.e.t. 
The heavily doped regions are shown dotted. 

are claiming up to 1015 ohms for some of their transistors. 
We have therefore a solid-state device that is a close equiva- 
lent to a triode insofar as it is a voltage-operated device 
with a very large input impedance. 

Insulated gate field-effect devices may be operated in 
one of two ways, namely, the enhancement mode or in 
the depletion mode, depending upon the form of con- 
struction used. In the enhancement mode we have an 
n-type channel between heavily doped n-type regions 
with the gate extending across the entire channel as in 
Fig. 4(a). The gate is forward-biased enhancing the 
number of electrons in the channel and reducing the 
source-to-drain resistance. At zero gate voltage the num- 
ber of charge carriers in the channel is very low and so 
the drain current is effectively zero. One of the dis- 
advantages of the enhancement type unit is the large 
capacitance associated with the gate electrode. To over- 
come this we may use an offset gate that does not cover 
the whole of the channel. Normally this would produce 
a very high resistance in the channel region not influenced 
by the gate. However, by suitable doping, a channel may 
be produced that has appreciable conductivity at zero 
gate voltage. Such a transistor would be a depletion 
type and have the drain, source and channel regions all 
of the some conductive-type material although the drain 
and source regions are still heavily doped. The gate 
voltage must then be driven to some negative value 
before the drain current is zero. Fig. 4(b) shows the 
cross-section of this type of unit together with typical 
characteristics. It will be seen therefore that the pinch- 
off voltage, VD, for a given transistor may be positive, 
zero or negative depending upon the construction. In 
practice it is difficult to determine just when the drain 
current is zero so Vp is defined as that voltage that reduces 
the drain current to some specified low value (say 10 to 
20mA). 

Fig. 5 shows an alternative geometry. Some manu- 
facturers (e.g. Ferranti and Mullard) make a fourth con- 
nection to the substrate creating a four-terminal device. 
Many workers are now exploiting f.e.ts., and since 
several applications have been published, they will not be 
repeated here (see for example the article by F. Butler 
in the February 1965 issue of the Wireless World, corres- 
pondence in the following month's issue and also the 
Mullard booklet on their 95 BFY f.e.t.). 

T(hin)-F(ilm) T(ransistors) 

Conventional transistors, and those field-effect types 
so far described, depend for their successful action upon 
mechanisms within single crystals that have been suitably 
doped, polycrystalline material being clearly unsuitable. 

However, a new type of amplifying device, that may 
loosely be called a transistor, has been described by 
Weimer,1 A microcrystalline layer of semiconductor has 
been used as a channel; and it is claimed that when low 
resistance contacts are made to the film, thus forming 
source and drain electrodes, a device is obtained that has 
a voltage amplification factor greater than 100, an input 
impedance of greater than 106 ohms shunted by 50 pf, 
gain-bandwidth products in excess of lOmc/s and 
switching speeds of less than 0.1 /» sec. So far as the 
writer is aware these units are not available from British 
manufacturers, but if the claims made for the device are 
realized in units that can be easily reproduced on a com- 
mercial scale, then a potentially cheap and popular tran- 
sistor will be added to the range already available. 
Development is being pursued feverishly and already 
Weimer, Shallcross and Borkan,5 with an improved elec- 
trode arrangement, have raised the input resistance to 1010 

ohms and extended the gain-bandwidth product to 25 
mc/s. 

Cadmium sulphide was chosen by these workers for 
the semiconducting film, presumably because a good deal 
is known about the solid-state physics of this material as 
well as the technology associated with its deposition in 
thin films. Fig. 6 shows diagrammatically the coplanar 
electrode form of a thin-film transistor (t.f.t.). A poly- 
crystalline n-type CdS layer, a fraction of a micron thick, 
is deposited on an insulating substrate; and evaporated 
aluminium contacts are made to form the source and 
drain. The length of these electrodes is about 2 to 5 mm, 
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Fig. 6. A coplanar electrode arrangement of a thin-film transistor. 

and they are spaced about 10 microns apart. An insulated 
gate is then formed in the usual way, the insulator being 
about 500 A thick. Insulating materials found to be 
satisfactory are silicon monoxide and calcium fluoride. As 
in the f.e.t. described earlier, the presence of the 
insulating layer permits positive biasing of the gate with- 
out that electrode drawing current of any great magni- 
tude. Typical drain characteristics exhibit the pentode-like 
characteristics of the f.e.t. 

There are no prizes for guessing that the way in which 
this type of transistor works is more complex than those 
field-effect devices that rely on single crystals. In fact, 
the mechanism whereby the gate modulates the drain 
current is not yet fully understood. The picture is cer- 
tainly complicated by the fact that the semiconducting 
layer consists of many small crystallites thus introducing 
the complications of grain boundaries and surface defects. 
The t.f.t. is a majority-carrier device in which the appli- 
cation of a voltage to the gate brings about the injection 
of majority carriers into the semiconductor via the source 
electrode. Many charge carriers are held by the surface 
traps and other immobile sites; and those that are not so 
held contribute to the density of mobile carriers. Increa- 
sing the gate voltage in an enhancement type unit 
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Fig. 7. Drain characteristics for a coplanar electrode f.e.t. 
of the enhancement type. 

increases the density of carriers thus increasing the 
channel conductivity. The surface conductivity can alter
natively be reduced by decreasing the gate voltage in 
which case the device is being operated in the depletion 
mode. In this latter case, reduction of the gate voltage 
from zero depletes the surface of mobile charge carriers. 

For the types of construction that yield useful tran
sistors, the field-effect is, of course, the dominant 
mechanism. Fig. 7 shows the characteristics that are 
obtained in one type of unit. The slow initial rise of drain 
current with gate voltage supports the theory that surface 
traps and states are being filled. As, however, the bias 
voltage is increased, the typical saturation and spacing 
characteristics of field-effect experiments are obtained. 
Such -saturation effects are not always obtained in experi
mental units, however, owing to faulty construction and 
the effect of source-drain contacts. There is certainly 
still much to learn about the physics and technology of 
this device. In particular, we may note that cadmium 
sulphide is not the only .semiconductor suitable for 
t.f.ts. Although it is necessary to use a wide-gap 
semiconductor such as CdS in order that the resulting 
high resistivity avoids the shunting of the channel by tl:ie 
bulk of the material, other materials may prove to give an 
improved performance. 

No one can doubt that these new field-effect transistors 
are very important additions to the range of solid-state 
electronic devices. Apart from the advantages already 
mentioned, we can easily see that the geometry of these 
new devices lends itself admirably to their incorporation 
in micromodule systems. With conventional bipolar 
transistors the current flow is perpendicular to the sur
faces, whereas with the new active devices the electrodes 
can be brought out in a direction parallel to the substrate. 
Now that thin-film resistors, capacitors and inductors can 
be readily produced, it is particularly advantageous to 
have a thin-film transistor that can be fabricated by the 
same techniques. The advantages of thin-film circuits 
have not in fact been fully realized to date largely because 
of the lack of an active device such as the thin-film tran
sistor. We shall certainly in the future be hearing much 
more about the incorporation of f.e . .ts and t.f.ts into 
solid-stage circuitry, and in other circuits where the 
conventional transistor has not proved wholly satisfactory. 
Engineers brought up on thermionic valves will be parti
cularly interested in having a solid-state voltage operated 
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device that permits operation at high input impedances 
with very low noise levels. Those concerned with the 
design of integrated circuits will welcome such features 
as the direct-coupling . possible because the control elec
trode of an insulated-gate device can be operated with a 
positive bias; the relative immunity from radiation effects 
(because f.e.ts operate with only one kind of charge 
carrier); and the elimination of temperature compensating 
circuitry due to the fact that these new devices are not 
very susceptible · to changes in ambient temperature. 
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Fig. 7. Drain characteristics for a coplanar electrode f.e.t. 
of the enhancement type. 

increases the density of carriers thus increasing the 
channel conductivity. The surface conductivity can alter- 
natively be reduced by decreasing the gate voltage in 
which case the device is being operated in the depletion 
mode. In this latter case, reduction of the gate voltage 

, from zero depletes the surface of mobile charge carriers. 
For the types of construction that yield useful tran- 

sistors, the field-effect is, of course, the dominant 
mechanism. Fig. 7 shows the characteristics that are 
obtained in one type of unit. The slow initial rise of drain 
current with gate voltage supports the theory that surface 
traps and states are being filled. As, however, the bias 
voltage is increased, the typical saturation and spacing 
characteristics of field-effect experiments are obtained. 
Such saturation effects are not always obtained in experi- 
mental units, however, owing to faulty construction and 
the effect of source-drain contacts. There is certainly 
still much to learn about the physics and technology of 
this device. In particular, we may note that cadmium 
sulphide is not the only semiconductor suitable for 
t.f.ts. Although it is necessary to use a wide-gap 
semiconductor such as CdS in order that the resulting 
high resistivity avoids the shunting of the channel by the 
bulk of the material, other materials may prove to give an 
improved performance. 

No one can doubt that these new field-effect transistors 
are very important additions to the range of solid-state 
electronic devices. Apart from the advantages already 
mentioned, we can easily see that the geometry of these 
new devices lends itself admirably to their incorporation 
in micromodule systems. With conventional bipolar 
transistors the current flow is perpendicular to the sur- 
faces, whereas with the new active devices the electrodes 
can be brought out in a direction parallel to the substrate. 
Now that thin-film resistors, capacitors and inductors can 
be readily produced, it is particularly advantageous to 
have a thin-film transistor that can be fabricated by the 
same techniques. The advantages of thin-film circuits 
have not in fact been fully realized to date largely because 
of the lack of an active device such as the thin-film tran- 
sistor. We shall certainly in the future be hearing much 
more about the incorporation of f.e.ts and t.f.ts into 
solid-stage circuitry, and in other circuits where the 
conventional transistor has not proved wholly satisfactory. 
Engineers brought up on thermionic valves will be parti- 
cularly interested in having a solid-state voltage operated 

device that permits operation at high input impedances 
with very low noise levels. Those concerned with the 
design of integrated circuits will welcome such features 
as the direct-coupling possible because the control elec- 
trode of an insulated-gate device can be operated with a 
positive bias; the relative immunity from radiation effects 
(because f.e.ts operate with only one kind of charge 
carrier); and the elimination of temperature compensating 
circuitry due to the fact that these new devices are not 
very susceptible to changes in ambient temperature. 
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THIS MONTH'S CONFERENCES 
AND EXHIBITIONS 

Further details are obtainable from the addresses in parentheses 
LONDON 
June 15-19 Earls Court 

Church and School Equipment Exhibition 
(Iliffe Exhibitions, Dorset House, Stamford St., S.E.I) 

June 15-19 Earls Court 
Noise and Vibration Reduction Exhibition 
(NAVREX, Crown House, Morden, Surrey) 

June 16-26 Olympia 
Interplas Plastics Exhibition 
(British Plastics, Dorset House, Stamford St., S.E.I) 

June 30-July 2 University College 
Microwave Applications of Semiconductors 
(I.E.R.E., 8-9 Bedford Square, W.C.I) 

EXETER 
June 12-17 _ The University 

International Spectroscopy Colloquium 
(Inst. Phys. & Phys. Soc., 1 Lowther Gdns., London, S.W.7) 

OVERSEAS 
June 7-9 Boulder 

Global Communications Convention 
(W. F. Ulant, N.B.S., Boulder. Colo.) 

June 10-21 Le Bourget 
Paris Air Show 
(U.S.I.A.S., rue Galilee, Paris 16) 

June 18-29 Rome 
Electronics Congress & Exhibition 
(Rassegna Elettronica, via della Scrofa, 14, Rome) 

June 20-24 Houston 
Aerospace Conference 
(T. B. Owen, 635 20th St., Santa Monica, Cal.) 

June 22-25 Troy, N.Y. 
Joint Automatic Control Conference 
(Prof. J. W. Moore, University of Virginia, Charlottesville) 

June 27-July 3 Stockholm 
Navigation Congress 
(British National Navigation Committee, c/o I.C.E., Gt. George 

St., London, S.W.I) 
June 28-29 San Juan, Puerto Rico 

Physics of Quantum Electronics 
(P. L. Kelly, M.I.T. Lincoln Lab., Lexington, Mass.) 

June 28-30 New York 
Electromagnetic Compatibility 
(I.E.E.E,, Box A, Lenox Hill Station, New York 21, N.Y.) 

Le Bourget 

Troy, N.Y. 
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InformatiOn Theory and . 

Pulse Communication 

By D. N. TILSLEY,* B.Sc., Grad.lnst.P., A.M.I.E.R.E. 

INFORMATION Theory, or Communication Theory 
as it is sometimes called, can be applied . to almost 
everything from music and poetry to the Sense of 

smell. But,it was developed by communications engineers 
and it is rriost relevant to us as communications engineers, 
since it enables us to take a very wide view of our subject. 
It was given its present elegant and comprehensive form 
by C. E. Shannon over fifteen years ago, but . the basic 
ideas have evolved gradually over the last century. 
The full theory is difficult even for mathematicians, but 
the principles can be readily understood. 

Information is transmitted by some quantity assuming 
different values in succession. Ordinary conversation is 
effected by our varying the air pressure in talking; 
some insects probably communicate by waving their 
antennae. But electrically, information is usually trans
mitted by a varying voltage or current. In all forms of 
communication something must change its value or level. 

There are two very important and fundamental limits 
to the quantity of information which can be transmitted 
in a given time: 

(I) There is a limit to the number of different levels 
which may be .. distinguished. 

(2) A finite time is needed for the quantity to change 
from one level to another. 

A wall chart could be made showing a column of the 26 
letters of the alphabet, and words could be spelled out by 
a pointer indicating one letter at a time. Why could not 
this chart be printed with all the words of the dictionary, 
or even all the 10n possible sentences? This surely would 
speed up communication. 

Quite apart from the limit due to the size of the carbon 
particles in printer's ink, the end of the pointer would be 
subject to small erratic movements which would cause 
uncertainty as to which level was intended. In every 
system there are small unpredictable random variations 
which are called noise. Sound is transmitted by air 
pressure and ultimately this is due to the bombardment 
of the individual molecules of which the air is composed. 
Similarly an electric current is the flow of electrons, and 
they too. are subject to random movements. In general 
it will be very difficult to distingl;lish between levels 
differing by less than this random noise level. (It is 
interesting to note that our senses can operate down 
almost to the body's noise level. If you shut your eyes 
in a dark room you can see countless minute pin points 
of faint light: listen intently and you can hear a faint 
rushing noise.) 

Noise is responsible for our fir&t limit: we use 
too many levels. In telegraphy and data transmission 
frequently only two levels are used-on and off, and then 
transmission in the presence of rioise is possible with very 
few errprs, since the receiver has to distinguish only 
between " signal " and " no signal." 

* Borough Polytechnic, London, S.E.l. 
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How much information can be transmitted by a single 
signal which may be at any one of N levels? The usual 
unit of information is the binary digit or " bit." · A single 
answer which must be either " yes " or " no " provides one 
" bit " of information. (This is strictly true only if the 

· answers " yes " and " no " are equally likely.) 
If there are four possible levels, 0, 1, 2 and 3, then 

which level is intended could be fixed by the answers 
to two "yes or no " type questions, su(.h as " Is it 
greater than 1?" "Yes." "Is it No. 2?" "No." There
fore the required level must be No. 3. Similarly, to fix 
which of 8 possible levels is intended requires 3 bits, 
16 levels need 4 bits and 32 levels need 5 bits. Now 
4=22, 8=23, 16=24 and 32=25 • The number of bits of 
information contained in the knowledge that a signal is 
at a particular level, when it could equally likely be at 
any one of N possible levels, is log2 N bits. To apply 
this to an electrical system, we will assume that the input 
signal power is P s and that the input noise power is P n 

so that the total input power is P s + P n· Voltage levels 
differing by less than the. noise voltage cannot easily be 
distinguished and so, since veltage is proportional to the 
square root of power, the greatest number of distinguish-

able levels is JP s: p n. A single signal transmitted 
n 

over a system in which the signal-to-noise power ratio 8 

n 

will therefore be capable of containing up to log2Jp s; p n 
n 

=log, ( 1+: :)' = ! log, ( 1+ bits of information. 

The second fundamental limit would be attributed by a 
mechanical engineer to inertia: the pointer on our wall 
chart cannot jump instantaneously from one level to . 
another. We electronics engineers think of rise and fall 
times as due to capacitive and inductive circuit ele
ments. Circuits with a fast risetime will also respond 
to the fast variations of high frequency sinewaves, and 
really " risetime " and " bandwidth" are just two different 
ways of looking at the same thing. 
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Fig. 1. Showing that risetime in a circuit is approximately half the 
period ofthe sinewave of the maximum frequency to which the circuit 
will respond. 
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smell. But it was developed by communications engineers 
and it is most relevant to us as communications engineers, 
since it enables us to take a very wide view of our subject. 
It was given its present elegant and comprehensive form 
by C. E. Shannon over fifteen years ago, but the basic 
ideas have evolved gradually over the last century. 
The full theory is difficult even for mathematicians, but 
the principles can be readily understood. 

Information is transmitted by some quantity assuming 
different values in succession. Ordinary conversation is 
effected by our varying the air pressure in talking; 
some insects probably communicate by waving their 
antennae. But electrically, information is usually trans- 
mitted by a varying voltage or current. In all forms of 
communication something must change its value or level. 

There are two very important and fundamental limits 
to the quantity of information which can be transmitted 
in a given time; 

(1) There is a limit to the number of different levels 
which may be distinguished. 

(2) A finite time is needed for the quantity to change 
from one level to another. 

A wall chart could be made showing a column of the 26 
letters of the alphabet, and words could be spelled out by 
a pointer indicating one letter at a time. Why could not 
this chart be printed with all the words of the dictionary, 
or even all the 10" possible sentences? This surely would 
speed up communication. 

Quite apart from the limit due to the size of the carbon 
particles in printer's ink, the end of the pointer would be 
subject to small erratic movements which would cause 
uncertainty as to which level was intended. In every 
system there are small unpredictable random variations 
which are called noise. Sound is transmitted by air 
pressure and ultimately this is due to the bombardment 
of the individual molecules of which the air is composed. 
Similarly an electric current is the flow of electrons, and 
they too are subject to random movements. In general 
it will be very difficult to distinguish between levels 
differing by less than this random noise level. (It is 
interesting to note that our senses can operate down 
almost to the body's noise level. If you shut your eyes 
in a dark room you can see countless minute pin points 
of faint light: listen intently and you can hear a faint 
rushing noise.) 

Noise is responsible for our first limit: we cannot use 
too many levels. In telegraphy and data transmission 
frequently only two levels are used—on and off, and then 
transmission in the presence of noise is possible with very 
few errors, since the receiver has to distinguish only 
between " signal " and " no signal. 
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How much information can be transmitted by a single 
signal which may be at any one of N levels? The usual 
unit of information is the binary digit or " bit." A single 
answer which must be either " yes " or " no " provides one 
" bit " of information. (This is strictly true only if the 
answers " yes " and " no " are equally likely.) 

If there are four possible levels, 0, 1, 2 and 3, then 
which level is intended could be fixed by the answers 
to two " yes or no" type questions, such as " Is it 
greater than 1?" " Yes." " Is it No. 2?" " No." There- 
fore the required level must be No. 3. Similarly, to fix 
which of 8 possible levels is intended requires 3 bits, 
16 levels need 4 bits and 32 levels need 5 bits. Now 
4=22, 8=23, 16=24 and 32=25. The number of bits of 
information contained in the knowledge that a signal is 
at a particular level, when it could equally likely be at 
any one of N possible levels, is log2 N bits. To apply 
this to an electrical system, we will assume that the input 
signal power is Ps and that the input noise power is P„ 
so that the total input power is Ps+P„. Voltage levels 
differing by less than the noise voltage cannot easily be 
distinguished and so, since voltage is proportional to the 
square root of power, the greatest number of distinguish- 

able levels /P3+Pn A single signal transmitted 

over a system in which the signal-to-noise power ratio is -I- n 

=/Ps+Pn 
will therefore be capable of containing up to logaJ ., • 1« 

=log2 (i l-p- j1 = 1 log2 (Vrp- j bits of information. bits of information. 

The second fundamental limit would be attributed by a 
mechanical engineer to inertia: the pointer on our wall 
chart cannot jump instantaneously from one level to 
another. We electronics engineers think of rise and fall 
times as due to capacitive and inductive circuit ele- 
ments. Circuits with a fast risetime will also respond 
to the fast variations of high frequency sinewaves, and 
really " risetime " and " bandwidth " are just two different 
ways of looking at the same thing. 

Pig. I. Showing that risetime in a circuit is approximately half the 
period of the sinewave of the maximum frequency to which the circuit 
Will respond. 
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If a circuit can respond to all frequencies up to j, then 
.the risetime will be approximately one half of the period 
of the sinewave of this frequency, that is, the risetime will 
be 1/(2/). Fig. 1 shows a dotted siriewave of the highest 
frequency to which the circuit responds, and the thick 
line shows that this is equivalent to a risetime of one half 
of the complete period. 

Since the time required to change from one level to 
another is 1 /(2!), we can have 2/ changes in level effected 
in one second when the bandwidth is f c/s. This is not 
really a proof, and there are the difficulties of how we 
define risetime and bandwidth. However, the final result 
is true and is capable of rigorous proof: we have merely 
shown that the resultis a very reasonable one. 

Since each change of level can provide ] log, ( I + 
bits, the theoretical maximum rate of transmission of 
information over a channel of power: signal-to-noise 

r!ttio and bandwidth f cycles per second . 
rl 

2f x llog2 = .f bits per second. 
11, . n 

Although it had been realized for a long time that a 
high rate of information requires a wide bandwidth and a 
good signal-to-noise this very important equation, 
due to Shannon, provides a quantitative relationship. 

There is one more piece of theory to be glanced at 
before considering the application of all this to pulse 
communication. It is the Sampling Theorem and it is 
fundamental to all pulse communication systems, such as 
pulse amplitude modulation (p.a.m.), pulse width modu
lation (p.w.m.), pulse position modulation (p.p.m.) and 
pulse · code modulation (p.c.m.). 

The information to be transmitted is usually a 
ously varying quantity, such as the output from a micro
phone, but pulses are discrete and separate. So in pulse 
communication systems the continuous a.f. output from 
the microphone (suitably amplified) is " sampled " as 
shown in Fig. 2. Pulses are thus obtained whose height or 
amplitude is equal to that of the a.f. waveform at the 
instant of sampling. · 

This sampling process is the first step in all pulse 
systems. One might . think that it is bound to result in 
some loss of information, but this is not necessarily so, and 
the Sampling Theorem states that if the highest frequency 
present in the a.f. waveform is j, then no information 
need be lost if at least 2/ samples are taken per second. 
To illustrate this let us imagine that a cine film is being 
made of a swinging pendulum. If one frame or " shot " 
were taken for each complete cycle, the resulting film 
would give the wrong impression and the pendulum 
would appear stationary. It would be essential t9 take at 
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Left : Fig. 2. Pulses of varying amplitude result ing from sampling a 
continuous a.f. waveform. 

Below: Fig. 3. (a), (b) and (c) show the a.f. waveforms from three 
channels A, B and C. They are sampled in turn and (d) shows them 
arranged for p.a.m., t.d.m. The pulses marked A11 A2 A3 • •• are the 
samples ·of waveform A, and those marked 81 , 82 , 83 • • • represent 
waveform B, sampled a microsecond or so later. (e) shows the pulses 
marked A1 , A2 , A3 • • • extracted, and the dotted line indicates the 
waveform which could be derived from these pulses, and which 
should be identical with that of (a) . Similarly pulses 81 , 82 , 
could be extracted and made to furnish the waveform of (b). Many 
channels may be multiplexed in this way, each set of pulses, An, 
Bn, C71 , preceded by an easily recognized synchronizing pulse, 
probably of much longer duration. This simplifies the sorting out of 
the multiplexed pulses at the receiver: the first pulse after sync 
pulse is an A, the second a B, and so on. 

A .(a ) 

TIME 

s {b) 

c 
(c) 

(d) 

( e ) 

TIME 
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Left: Fig. 2. Pulses of varying amplitude resulting from sampling c 
continuous a.f. waveform. 

If a circuit can respond to all frequencies up to f, then 
the risetime will be approximately one half of the period 
of the sinewave of this frequency, that is, the risetime will 
be 1/(2/). Fig. 1 shows a dotted sinewave of the highest 
frequency to which the circuit responds, and the thick 
line shows that this is equivalent to a risetime of one half 
of the complete period. 

Since the time required to change from one level to 
another is 1, (2/), we can have 2/ changes in level effected 
in one second when the bandwidth is / c/s. This is not 
really a proof, and there are the difficulties of how we 
define risetime and bandwidth. However, the final result 
is true and is capable of rigorous proof: we have merely 
shown that the result is a very reasonable one. 

Since each change of level can provide log, /1 ^ j 

bits, the theoretical maximum rate of transmission of 
information over a channel of power signal-to-noise 

. P. ratio and bandwidth / cycles per second i; 
* n 

2/ Hog, = / logd 1 bits per second. 

Although it had been realized for a long time that a 
high rate of information requires a wide bandwidth and a 
good signal-to-noise ratio, this very important equation, 
due to Shannon, provides a quantitative relationship. 

There is one more piece of theory to be glanced at 
before considering the application of all this to pulse 
communication. It is the Sampling Theorem and it is 
fundamental to all pulse communication systems, such as 
pulse amplitude modulation (p.a.m.), pulse width modu- 
lation (p.w.m.), pulse position modulation (p.p.m.) and 
pulse code modulation (p.c.m.). 

The information to be transmitted is usually a continu- 
ously varying quantity, such as the output from a micro- 
phone, but pulses are discrete and separate. So in pulse 
communication systems the continuous a.f. output from 
the microphone (suitably amplified) is " sampled" as 
shown in Fig. 2. Pulses are thus obtained whose height or 
amplitude is equal to that of the a.f. waveform at the 
instant of sampling. 

This sampling process is the first step in all pulse 
systems. One might think that it is bound to result in 
some loss of information, but this is not necessarily so, and 
the Sampling Theorem states that if the highest frequency 
present in the a.f. waveform is /, then no information 
need be lost if at least 2/ samples are taken per second. 
To illustrate this let us imagine that a cine film is being 
made of a swinging pendulum. If one frame or " shot " 
were taken for each complete cycle, the resulting film 
would give the wrong impression and the pendulum 
would appear stationary. It would be essential t<p take at 

Below: Fig. 3. (a), (b) and (c) show the a.f. waveforms from three 
channels A, 6 and C. They are sampled in turn and (d) shows them 
arranged for p.a.m., t.d.m. The pulses marked A, A3 . . . are the 
samples of waveform A, and those marked 6,, Bo, 63 . . . represent 
waveform B, sampled a microsecond or so later, (e) shows the pulses 
marked A,, Ao, A, . . . extracted, and the dotted line indicates the 
waveform which could be derived from these pulses, and which 
should be identical with that of (a). Similarly pulses 6,, Bo, etc. 
could be extracted and made to furnish the waveform of (b). Many 
channels may be multiplexed in this Way, each set of pulses, An, 

f-n' being preceded by an easily recognized synchronizing pulse, 
probably of much longer duration. This simplifies the sorting out of 
the multiplexed pulses at the receiver: the first pulse after the sync 
pulse is an A, the second a 6, and so on. 
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least two frames for each complete period of the pendulum. 
Generally for a sinewave if we know the amplitude at 

two instants in the cycle, we can reconstitute the original 
waveform. The possible objection that we do not know 
its shape, and that there might be a " wiggle " in it, is 
not a valid one, for this implies that there is some com
ponent of higher frequency present. (In a way the 
Sampling Theorem is the converse of the previous 
theorem that 2/ cl1anges in level can be transmitted in 
one second over a bandwidth off cj s.) 

This sampling rate . of twice the highest frequency 
present is called the Nyquist Rate. The a.f. waveform is 
first passed through a low-pass filter with a sharp cut off: 
for speech this might be designed to eliminate frequencies 
above 3.4 kc/s. This waveform could then be sampled 
at 8 kc/s or perhaps 10 kc/s. (6.8 kc/s would not be 
suitable, since no filter can have an infinitely sharp cut-off.) 

The resulting samples might be transmitted along a 
line, in telephony, or used to modulate a radio frequency 
carrier, in radio transmission: this is pl:tlse amplitude 
modulation. Usually several separate channels, each from 
a different telephone conversation, are " multiplexed" on 
a time basis and transmitted over a single line or radio 
link. This is called time division multiplex (t.d.m.) and 
1s shown in Fig. 3 for p.a.m.; the other pulse systems 
which we will consider later are also usually multiplexed 
in this manner. 

P.a.m. is a relatively simple system, but it gives no 
protection against noise. Any noise superimposed on 
these pulses during transmission will appear as noise on 
the reconstituted waveform in the receiver output. Pulse 
width modulation gives much better protection. In this 
system pulses are transmitted whose width is proportional 
to the amplitude of the samples. Fig. 4(a) shows a wave
form as it would be transmitted by p.a.m., and (b) shows 
the co::responding p.w.m. waveform. 

Suppose now that the received pulses have noise 
superimposed as shown in Fig. 5(a). The information is 
contained in the width of the pulse, and the noise sprout
ing on top of the waveform does not affect this. We may 
not know the true amplitude, but the width can be found 
exactly. If desired the noise can be eliminated by slicing 
off the top and the bottom of the waveform, and no noise 
would be detectable in the receiver output. 

So it seems that we have beaten Shannon's formula, 
since it appears that we have eliminated noise. But we 
have considered an ideal pulse of zero rise and full times. 
If we draw an actual waveform such as in Fig. 5(b) it can 
be seen that the width of the pulse is slightly influenced 
by the presence of noise on the rising and falling sides of 
the pulses. The steeper their slopes the better protection 
against noise the system will give, but steep rise and falls 
necessitate a wide bandwidth for their transmission, and 
we are thus exchanging bandwidth for signal-to-noise 
ratio. In fact the rate of transmission is very much less 
than the theoretical maximum rate derived from Shannon's 
equation. 

Really the only information in p.w.m. is contained in 
the starting and finishing times of the pulses and it is 
unnecessary to keep the transmitter radiating uselessly 
during the uninteresting flat top of the pulse. It need 
give out only a very short sharp pulse defining the 
beginning and another one defining the end of the width 
modulated pulse. The width modulated pulse could be 
made up at the receiver; for example the initial pulse 
could trigger a bistable circuit " on " and the final pulse 
could cause it to revert to its " off" condition. 

In fact if the starting time of each width modulated 
pulse were known, by deciding, for example, that the 
pulses should start at 10 flS, 20 flS, 30 flS, etc. after a 
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,(a) 

(b) 

Fig. 4: (a) Transmission of a wa'(e(orm by p.a.m.; (b) transmissi6n 
of an identical waveform by p.w.m. 

(a.) 

(b) 

Fig. 5. Noise superimposed on (a) ideal with zero rise and fall 
times; and on (b) actual pulses in a practical system. 

synchronizing pulse, then all that need be sent for each 
width modulated pulse would be a very narrow pulse 
defining its back edge. Thus the transmitter would be 
off for most of the time and the mean power would be 
very low compared with the peak power radiated. · 'l,his 
is pulse position modulation. To define the exact position 
of the back edge a pulse of very short risetime is required: 
if it is sloping then noise in the system will introduce 
uncertainty as to the intended position. P.p.m. is suit
able for microwave transmission. Such transmitters can 
be pulsed in this way, and often the wide bandwidth 
necessary for the very fast risetime pulses can be tolerated 
at microwave frequencies. 

Most advanced and efficient of the pulse communica
tion systems is pulse code modulation. Here again the 
first step is sampling and obtaining amplitude modulated 
pulses as in p.a.m. But now the amplitude is measured 
and encoded. Suppose the amplitude of these pulses can 
be anything between 0 and 31 volts, and that at a particular 
sampled instant it is 25.29 V. This is next approximated 
to the nearest level and, assuming that we have 32 per
mitted levels, each one corresponding to a whole number 
of volts,• this will give us 25 volts. The number 25 is 
expressed in binary form as 11001. A train of five pulses 
representing this number is radiated from the transmitter: 
amplitude modulation could be used, giving " on-on-off
off-on." (Actually the order of sending these digits is 
usually reversed, so that 10011 would be sent: the reason 
for this will be given later.) 

The important idea is that, provided the receiver is 
able to distinguish between a 0 and a 1, no information 
is lost. The pulses received may be distorted and almost 
submerged in noise, but provided they are distinguishable 
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link. This is called time division multiplex (t.d.m.) and 
is shown in Fig. 3 for p.a.m.; the other pulse systems 
which we will consider later are also usually multiplexed 
in this manner. 

P.a.m. is a relatively simple system, but it gives no 
protection against noise. Any noise superimposed on 
these pulses during transmission will appear as noise on 
the reconstituted waveform in the receiver output. Pulse 
width modulation gives much better protection. In this 
system pulses are transmitted whose width is proportional 
to the amplitude of the samples. Fig. 4(a) shows a wave- 
form as it would be transmitted by p.a.m., and (b) shows 
the corresponding p.w.m. waveform. 

Suppose now that the received pulses have noise 
superimposed as shown in Fig. 5(a). The information is 
contained in the width of the pulse, and the noise sprout- 
ing on top of the waveform does not affect this. We may 
not know the true amplitude, but the width can be found 
exactly. If desired the noise can be eliminated by slicing 
off the top and the bottom of the waveform, and no noise 
would be detectable in the receiver output. 

So it seems that we have beaten Shannon's formula, 
since it appears that we have eliminated noise. But we 
have considered an ideal pulse of zero rise and full times. 
If we draw an actual waveform such as in Fig. 5(b) it can 
be seen that the width of the pulse is slightly influenced 
by the presence of noise on the rising and falling sides of 
the pulses. The steeper their slopes the better protection 
against noise the system will give, but steep rise and falls 
necessitate a wide bandwidth for their transmission, and 
we are thus exchanging bandwidth for signal-to-noise 
ratio. In fact the rate of transmission is very much less 
than the theoretical maximum rate derived from Shannon's 
equation. 

Really the only information in p.w.m. is contained in 
the starting and finishing times of the pulses and it is 
unnecessary to keep the transmitter radiating uselessly 
during the uninteresting flat top of the pulse. It need 
give out only a very short sharp pulse defining the 
beginning and another one defining the end of the width 
modulated pulse. The width modulated pulse could be 
made up at the receiver; for example the initial pulse 
could trigger a bistable circuit " on " and the final pulse 
could cause it to revert to its " off " condition. 

In fact if the starting time of each width modulated 
pulse were known, by deciding, for example, that the 
pulses should start at 10//s, 20us, 30/ts, etc. after a 

Fig. 4. (a) Transmission of a waveform by p.a.m.; (b) transmission 
of an identical waveform by p.w.m. 
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Fig. 5. Noise superimposed on (a) ideal pulse with zero rise and fall 
times; and on (b) actual pulses in a practical system. 

synchronizing pulse, then all that need be sent for each 
width modulated pulse would be a very narrow pulse 
defining its back edge. Thus the transmitter would be 
off for most of the time and the mean power would^ be 
very low compared with the peak power radiated. This 
is pulse position modulation. To define the exact position 
of the back edge a pulse of very short risetime is required: 
if it is sloping then noise in the system will introduce 
uncertainty as to the intended position. P.p.m. is suit- 
able for microwave transmission. Such transmitters can 
be pulsed in this way, and often the wide bandwidth 
necessary for the very fast risetime pulses can be tolerated 
at microwave frequencies. 

Most advanced and efficient of the pulse communica- 
tion systems is pulse code modulation. Here again the 
first step is sampling and obtaining amplitude modulated 
pulses as in p.a.m. But now the amplitude is measured 
and encoded. Suppose the amplitude of these pulses can 
be anything between 0 and 31 volts, and that at a particular 
sampled instant it is 25.29 V. This is next approximated 
to the nearest level and, assuming that we have 32 per- 
mitted levels, each one corresponding to a whole number 
of volts,-this will give us 25 volts. The number 25 is 
expressed in binary form as 11001. A train of five pulses 
representing this number is radiated from the transmitter: 
amplitude modulation could be used, giving " on-on-off- 
off-on." (Actually the order of sending these digits is 
usually reversed, so that 10011 would be sent: the reason 
for this will be given later.) 

The important idea is that, provided the receiver is 
able to distinguish between a 0 and a 1, no information 
is lost. The pulses received may be distorted and almost 
submerged in noise, but provided they are distinguishable 
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as intended pulses then the receiving apparatus can 
decode them as meaning 25 volts. The process of having 
a definite number of levels and. then appJ;oximating the 
amplitude of the sampled pulse to the nearest level is 
called quantizing, and this introduces a small error which 
shows itself as quantizing noise. If the number of levels 
is large, such as 64 or 128 (needing a 6-digit and a 7-digit 
code respectively) then this quantizing noise is very 
small indeed. (There is no reason why the levels must be 
equally spaced, and a logarithmic spacing with more levels 
for the low voltages and fewer for the peaks may be 
preferable.) 

time between successive pulses in the train. In twice this 
time the voltage across the capacitor will have fa1leri to 
one quarter, and in three times this interval of time to 
one-eighth. Considering our 32-level system which uses 
a 5 digit code, the voltage across the capacitor at the end 
of the train of 0 and 1 pulses will be -fsth of the peak 
voltage of the first pulse -+ }th of that of the second + t 
of the third, + .g- of the fourth + the voltage of the final 
pulse. The time constant provides just the correct 
weighting for the digits. 

Apart from the quantizing noise no noise is introduced 
during transmission. · Provided that the signal received in 
the presence of noise is capable of being identified as 
either " pulse " or " no pulse," the pulses might be used 
to trigger a monostable flip-flop which could then furnish 
a neat and tidy waveform for retransmission. Repeater 
stations can thus transmit a regenerated pulse waveform 
on to succeeding repeater stations. Thus p.c.m. signals 
can be handled by a long chain of repeaters or links 
out any degradation of signal or introduction of noise. 

We considered level 25, which in binary form is 11001: 
it was mentioned that these digits are usually transmitted 
in the reverse order as 10011. Suppose these digits are 
received and amplified so that the 1s have an amplitude 
of 16 volts, then the final voltage across the capacitor 
will be 

16 _!_ -+- _ _L -f-- 1] = 16 X 
25 

.= 2. 5 volts. 16 I 8 ' 4 1 2 ' 16 .. 

Try it with 9 which is 01001 in binary form, or 28 which 
is 11100. These must be sent, of course, as 10010 and 
00111 respectively. This delightfully elegant decoder is 
also due to Shannon. You may think that this is very ingenious but kel that 

the decoding apparatus must be very complicated, 
requiring a computer to construct a pulse whose height: 
is proportional to the number represented in binary form 
by the train of pulses. In fact the basis of the decoder 
is merely a capacitor and resistor in parallel, the time 
constant CR being such that the voltage across the 
capacitor decreases to one half of its initial value in the 

Perhaps these pulse systems seem artificial. But while 
you have been reading this your brain has been receiving 
information from all your senses, and the method of 
transmission to the brain is by coded pulses. Pulse 
communication is the usual method in the nervous 
system, so that, far from being artificial, pulse systems 
are copying nature. 

RECENT TECHNICAL DEVELOPMENTS 
Semiconductor a.c. switching 
device 
A DEVICE known as "Quantrol" in 
this country and "Ovonic" in the 
U.S.A. is under development in a 
ber of countries to evaluate its poten
tiality as an a.c. circuit element in 
switching and in applications involving a 
voltage threshold. The bidirectional 

Fig. I. 

two-electrode device is made from a 
three-part semiconductor alloy and when 
a given threshold voltage is exceeded a 
filamentary breakdown occurs through 
the alloy. 
· On breakdown (which may be from 

20 to 110 V) the devices change from a 
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highly resistive state (10 MD) to a very . 
low resistive state (see Fig. 1) and in 
this state can pass up to 0.5 A. A 
typical device has a breakdown poten
tial of 70 volts and when this is ex
ceeded the voltage across the device is 
reduced to a few volts in approx. 10 nsec. 
On removing the voltage, the non-con
ducting state is returned. However, 
three-electrode devices have been de
veloped in the U.S.A. which can be used 
as memory elements with two stable 
states. 

" Ovonic " is under development by -
Energy Conversion Devices Inc. and in 
this country as '' Quantrol " by Elec
tronic Machine Control Ltd., Bromley, 
Kent. 

Improving printed circuit 
soldering 

Research is in progress at the Inter
national Tin Research Institute (Fraser 
Road, Greenford, Middlesex) into the 
improvement of the soldering process 
in connection with printed circuits. The 
object of the present investigations is to 
find coatings suitable for application to 
printed wiring boards to provide the 
highest level of solderability and pro
tection of the copper conductors against 

corrosion. Various metal coatings have 
been applied by electro-deposition, a 
fused 60 I 40 tin-lead alloy was applied 
by roller-coating and some coatings 
were applied by chemical replacement 
(" electroless " plating). Solderability 
was determined by a "wett·ing time" 
test and the "ar·ea of spread" test and 
also environmental and storage tests 
have been made. · Some of the conclu
sions of the tests are contained in the 
1964 Annual Report. 

Thin coatings of pure and alloyed 
gold 0.25-0.5 microns thick did not im
prove the spread of solder, gave only a 
temporary protection and, as might be 
expected, caused the solder to become 
embrittled. Increasing the thickness to 
2.5-5 microns showed little or no im
provement. Rhodium and palladium 
coatings were inferior to gold. Poor 
area of spread and excessively long wet
ting times were obta1ned . with tin 
chemical plating. 

Electro-deposited tin and tin-lead 
alloy layers of 5 microns in thickness 
were wetted instantly, even after stor
age treatments, and the area of spread 
was fully adequate. However, if printed 
boards can withstand the temperature, 
hot-dipped tin coating is to be · pre
ferred. 
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is proportional to the number represented in binary form information from all your senses, and the method of 
by the train of pulses. In fact the basis of the decoder transmission to the brain is by coded pulses. Pulse 
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constant CR being such that the voltage across the system, so that, far from being artificial, pulse systems 
capacitor decreases to one half of its initial value in the are copying nature. 

RECENT TECHNICAL DEVELOPMENTS 

corrosion. Various metal coatings have 
been applied by electro-deposition, a 
fused 60/40 tin-lead alloy was applied 
by roller-coating and some coatings 
were applied by chemical replacement 
(" electroless " plating). Soldcrability 
was determined by a " wetting time" 
test and the "area of spread" test and 
also environmental and storage tests 
have been made. Some of the conclu- 
sions of the tests are contained in the 
1964 Annual Report. 

Thin coatings of pure and alloyed 
gold 0.25-0.5 microns thick did not im- 
prove the spread of solder, gave only a 
temporary protection and, as might be 
expected, caused the solder to become 
embrittled. Increasing the thickness to 
2,5-5 microns showed little or no im- 
provement. Rhodium and palladium 
coatings were inferior to gold. Poor 
area of spread and excessively long wet- 
ting times were obtained with tin 
chemical plating. 

Electro-deposited tin and tin-lead 
alloy layers of 5 microns in thickness 
were wetted instantly, even after stor- 
age treatments, and the area of spread 
was fully adequate. However, if printed 
boards can withstand the temperature, 
hot-dipped tin coating is to be pre- 
ferred. 

Semiconductor a.c. switching 
device 
A DEVICE known as "Quantrol" in 
this country and " Ovonic" in the 
U.S.A. is under development in a num- 
ber of countries to evaluate its poten- 
tiality as an a.c. circuit element in 
switching and in applications involving a 
voltage threshold. The bidirectional 

highly resistive state (10 Mfl) to a very 
low resistive state (see Fig. 1) and in 
this state can pass up to 0.5 A. A 
typical device has a breakdown poten- 
tial of 70 volts and when this is ex- 
ceeded the voltage across the device is 
reduced to a few volts in approx. 10 nsec. 
On removing the voltage, the non-con- 
ducting state is returned. However, 
three-electrode devices have been de- 
veloped in the U.S.A. which can be used 
as memory elements with two stable 
states. 

" Ovonic " is under development by 
Energy Conversion Devices Inc. and in 
this country as '' Quantrol" by Elec- 
tronic Machine Control Ltd., Bromley, 
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two-electrode device is made from a 
three-part semiconductor alloy and when 
a given threshold voltage is exceeded a 
filamentary breakdown occurs through 
the alloy. 

On breakdown (which may be from 
20 to 110 V) the devices change from a 

Improving printed circuit 
soldering 

Research is in progress at the Inter- 
national Tin Research Institute (Eraser 
Road, Greenford, Middlesex) into the 
improvement of the soldering process 
in connection with printed circuits. The 
object of the present investigations is to 
find coatings suitable for application to 
printed wiring boards to provide the 
highest level of solderability and pro- 
tection of the copper conductors against 
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THIS MONTH'S COVER 

More about Early Bird 

COMMENTING on Arthur Clarke's famous predictions of 
synchronous communications satellites in 1945 in Wireless 
World,* Dr. F. P. Adler, a vice-president of Hughes Air:

craft Company, U.S.A., remarked recently to a party of 
European journalists that this article had provoked much 
scepticism at the time but the feasibility and potential of 
communications satellites had now been clearly demonstrated. 
Our front cover, appearing 20 years after Clarke's article and 
showing final electronic checking of Hughes' Early Bird, the 
first operational communications satellite, symboliz·es the 
beginning of this new era in communications. The event was 
certainly demonstrated in an impressive manner to the mil
lions of viewers who watched the inaugural television pro
grammes on 1st May. Pictures were of surprisingly good 
quality and it · was difficuh to believe that the signals had in 
fact travelled some 45,000 miles. , 

Apart from the . public television programmes, the British 
Post Office the performance of the satelLite system on 
colour television, by transmitting N.T.S.C. signals from the 
Goonhilly earth station to Early Bird and receiving them back 
at Goonhilly. The received picture, a colour test card, was 
reported to be of excellent quality. 

About a fortnight after Early Birq was launched, another 
communications satellite was put into operation by the 
Russians. Called Molniya 1 (Lightning), this relay station 
does for the land mass of the U.S.S.R. what Early Bird does 
for the Atlantic. It travels in an elliptical orbit, however, 
indined at 65 o to the equatorial plane, with an apogee of 
about 24,833 miles in the northern hemisphere and a perigee 
of 341 miles in the southern hemisphere. Shortly after 
launching, the period of revolution was reported to be 12 hours. 
This o.rfbit has been chosen because it gives op_timum com
munication conditions for the U.S.S.R. The satellite has 
been used for transmitting television pictures between 
Vladivostok and Moscow, and in fact television 1:elaying is 
stated to be one of its main functions. · 

Essential details of the radio equipment in Early Bird were 
given last month (May 1965 issue, p. 249). The picture on 
this page shows the •internal construction of the satellite, with 
the outer cylinder of solar cells removed. The craft spins 
on its own axis at 140 r.p.m. (thereby avoiding the need for 
gyros for ·attitude stabilization), and the spin rate and attitude 
are detected by the sun ·sensors (13) shown in the picture. 
The attitude is such that the aerial beam, emerging at right 
angles from the communications array (2), irradiates a region 
of the Earth centred on the North Atlantic. The coaxial slot 
transmitting aerial, which has a gain of 9dB, has a beam 
width of 12 o, while the receiving aerial, a co-linear array 
with a gain of 4dB, has a beam width of 50 o. 

Nav;igational control of the satellite, including attitude 
control, longitude positioning and adjustment of orbital plane 
inclination, is performed by two radial · and two axial hydro
gen peroxide jets (6), (14), remotely controlled from ·the 
American earth station at Andover, Maine. Frequency 
modulated command signals are transmitted in the 6Gc/s 
band and received by one of the two transponders in the 
satellite (7). They are then extracted from the transponder's 
i.f. section through a 1-Mc/s bandpass filter and detected in 
two separate command receivers. Each receiver output feeds 
one of two decoders, and either receiver-decoder combination 
can control the craft. . 

The life of the control system, . which is determined by the 
continuance of the hydrogen peroxide fuel supply (5), is 
expected to be about two or three years. Thereafter the 
uncontrolled craft will drift westwards, but since the · elec
tronic equipment is expected to continue operating for 5 to 
15 years, the satellite will still be usable for communications. 
The power output of the solar cell generator is expected to 

*"Extra-Terrestrial Relays", October, 1945, issue. 
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fall to 80% of its present value (45 in about 10 years, 
while the nickel cadmium rechargeable batteries-two groups 
of ten cells and two of twelve cells (8)-should last 3 to 5 
years. These batteries provide a power reserve and alsQ allow 
the electronic equipment to continue operating during 70-
minute eclipses (of the sun) which occur at local midnight 
during periods each year. · 

Information on conditions _in the satellite-attitude, tem
perature, battery hydrogen peroxide tank pressure
is transmitted to Andover by a 10-chaimel time-division multi
plex telemetry system. There are two telemetry encOders 
operating simultaneously; and during the launching and · orbit . 
adjustment phase they modulated two v.h.f. transmitters . 
feeding whip .aerials (10). Now they are modulating the two 
4-Gc/s microwave beacons. 

Early Bird is the first practical project of the U.S. Com
munications Satellite Corporation, which operates the space 
sector of satellite communications for an international interim 
committee representing all interested countries. The terminal 
stations and other ground installations are owned and 
operated by the telecommunications authorities of the coun
tries concerned. Later this year a choice will probably be 
made of a satellite system for ·global communications. The 
choice will be between: a system of 3 to 6 stationary satellites; 
a medium-altitude random system of 18-24 satellites;·-and a 
medium altitude controlled ·system of less than 18 satellites. 

Early Bird with the sofar-cefl panefs removed: (/) aeriaf reflector; 
(2) communications aerials ; (3) t.w.t. ferrite switch; (4) thermo( 
shields; (5) hydrogen peroxide tank; (6) radial control jet; (7) 
transponder receiver ; (8) rechargeable batteries; (9) motor nozzle; 
(I 0) telemetry aerials ; (II) separation interface for rocket; ( /2) 
encoder-decoder; ( 13) sun sensors ; ( 14) axial control jet. 
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COMMENTING on Arthur Clarke's famous predictions of 
synchronous communications satellites in 1945 in Wireless 
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craft Company, U.S.A., remarked recently to a party of 
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at Goonhilly. The received picture, a colour test card, was 
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About a fortnight after Early Bird was launched, another 
communications satellite was put into operation by the 
Russians. Called Molniya 1 (Lightning), this relay station 
does for the land mass of the U.S.S.R. what Early Bird does 
for the Atlantic. It travels in an elliptical orbit, however, 
inclined at 65° to the equatorial plane, with an apogee of 
about 24,833 miles in the northern hemisphere and a perigee 
of 341 miles in the southern hemisphere. Shortly after 
launching, the period of revolution was reported to be 12 hours. 
This orbit has been chosen because it gives optimum com- 
munication conditions for the U.S.S.R. The satellite has 
been used for transmitting television pictures between 
Vladivostok and Moscow, and in fact television relaying is 
stated to be one of its main functions. 

Essential details of the radio equipment in Early Bird were 
given last month (May 1965 issue, p. 249). The picture on 
this page shows the internal construction of the satellite, with 
the outer cylinder of solar cells removed. The craft spins 
on its own axis at 140 r.p.m. (thereby avoiding the need for 
gyros for attitude stabilization), and the spin rate and attitude 
are detected by the sun sensors (13) shown in the picture. 
The attitude is such that the aerial beam, emerging at right 
angles from the communications array (2), irradiates a region 
of the Earth centred on the North Atlantic. The coaxial slot 
transmitting aerial, which has a gain of 9dB, has a beam 
width of 12", while the receiving aerial, a co-linear array 
with a gain of 4dB, has a beam width of 50°. 

Navigational control of the satellite, including attitude 
control, longitude positioning and adjustment of orbital plane 
inclination, is performed by two radial and two axial hydro- 
gen peroxide jets (6), (14), remotely controlled from the 
American earth station at Andover, Maine. Frequency 
modulated command signals are transmitted in the 6Gc/s 
band and received by one of the two transponders in the 
satellite (7). They are then extracted from the transponder's 
i.f. section through a 1-Mc/s bandpass filter and detected in 
two separate command receivers. Each receiver output feeds 
one of two decoders, and either receiver-decoder combination 
can control the craft. 

The life of the control system, which is determined by the 
continuance of the hydrogen peroxide fuel supply (5), is 
expected to be about two or three years. Thereafter the 
uncontrolled craft will drift westwards, but since the elec- 
tronic equipment is expected to continue operating for 5 to 
15 years, the satellite will still be usable for communications. 
The power output of the solar cell generator is expected to 
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fall to 80% of its present value (45 watts) in about 10 years, 
while the nickel cadmium rechargeable batteries—two groups 
of ten cells and two of twelve cells (8)—should last 3 to 5 
years. These batteries provide a power reserve and also allow 
the electronic equipment to continue operating during 70- 
minute eclipses (of the sun) which occur at local midnight 
during two periods each year. 

Information on conditions in the satellite—attitude, tem- 
perature, battery voltage, hydrogen peroxide tank pressure- 
is transmitted to Andover by a 10-channel time-division multi- 
plex telemetry system. There are two telemetry encoders 
operating simultaneously, and during the launching and orbit 
adjustment phase they modulated two v.h.f. transmitters 
feeding whip aerials (10). Now they are modulating the two 
4-Gc/s microwave beacons. 

Early Bird is the first practical project of the U.S. Com- 
munications Satellite Corporation, which operates the space 
sector of satellite communications for an international interim 
committee representing all interested countries. The terminal 
stations and other ground installations are owned and 
operated by the telecommunications authorities of the coun- 
tries concerned. Later this year a choice will probably be 
made of a satellite system for global communications. The 
choice will be between; a system of 3 to 6 stationary satellites; 
a medium-altitude random system of 18-24 satellites; and a 
medium altitude controlled system of less than 18 satellites. 

mm am 

Early Bird with the solar-cell panels removed : (I) aerial reflector ; 
(2) communications aerials ; (3) t.w.t. ferrite switch ; (4) thermal 
shields ; (5) hydrogen peroxide tank; (6) radial control jet; (7) 
transponder receiver; (8) rechargeable batteries; (9) motor nozzle ; 
(10) telemetry aerials ; (II) separation interface for rocket; (12) 
encoder-decoder ; (13) sun sensors; (14) axial control jet. 
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RADIO & ELECTRONIC COMPONENTS·: 
WHAT is a component? This question might well be asked 
by a visitor to the Radio & Electronic Component Show 
which opens at Olympia on May 18th for four days. As will 
be s.een from the following preview of some of the main 
items to be seen on the 240 stands, exhibits· range from 
discrete components, throug}:l integrated circuits, to complete 
pieces of equipment. The fact is that the line of demarca
tion between a component and a complete unit has almost 
disappeared. Be that as it may, the visitor' will find that 
this nineteenth -exhibition in the series sponsored by the 
Radio and Electronic Component Manufacturers' Federation, 
offers as wide a variety of " bits and pieces " as ever. · 

The information given in the following pages has been 

extracted from material supplied by manufacturers. Some 
exhibitor-s, howev•er, did not respond to our invitacion to 
send details. All exhibitqrs are named in the following 
alphabe-tical Est. Where a number of associated firms . are 
sharing a srand the name of the one with which the note is 
headed in the prev·iew is given in brackets. Similarly, if a 
stand is reviewed under a trade name then this is given :in 
brackets, in the list. 

For the convenience of professional readers unable to 
attend the show a number is appended to each report so 
that those wanting fuller information can readi1y obtain 
it by inserting the appropriate number on a readec service 
card. 

LIST OF EXHIBITORS AND PLAN OF THE EXHIBITION 

No . 
A.B. Metal Produr.ts 319 
A.E.I. 302 
A.K . Fans 207 
Air Control Installat ions 106 
Aircraft-Marine Products(A.M.P.) 313 
Aladdin Rad io Industries 57 
Alberic:e Meters Ill 
Alden Metal Products 452 
Allen Components 234 
Alma Components ISO 
Alston Capicitors (see Alma) ISO 
Amphenoi-Borg (Electronics) 277 
Ancillary Developments 476 
Anderson & Son (see Aladdin) 57 
Anglo-American Vulcanized Fibre 407 
Antiference 214 
Applied Developments 501 
Ariel Pressings 323 
Arrell Electrical (see Permano id) 206 
Arrow Electric Switches 490 
Ashburton Resistance Co. 60 
Astralux Dynamics 453 
Avel Products 105 
Aviation, Ministry of 114 

. Avo (see Taylor) 152 

B. & R. Relays . 170 
B.I.C.C. 161 
B.P.L. Instruments 250 
BSR 166 
B.T. R. Industries 500 
Bakelite 485 
Balfour & Darwins 279 
Barclays Bank 496 
Barlow-Whitney 115 
Beckman Instruments 266 
Bedco 484 
Belclere '466 
Belling & Lee 308 
Bird, Sydney S., (Cyldon) 200 
Bonnella, D. H., & Son 45S 
Bradley, G. & E. (see Lucas) 31S 
Brandauer & Co. 56 
Brayhead . 227 
British Electric Res istance (Berea) l66 
Brush Clevite Co. 479 
Bulgin ISS 
Burgess Products Co. 30S 

C.C.L. 457 
C.G.S. Resistance Co. 3S2 
C. & N. (Electrical) 318 
Cambion Electronic Products 362 
Cannon Electric 233 
Carder, R. E. (see K.G.M.) 232 
Carr Fastener Co. 263 
Cathodeon Crystals 22S 
Celestion (see Rola Celestion) 223 
Chromeplas (see Creators) 372 
Ciba 203 

· Circetch (see Livingston) 369 
Clare-Elliott (see Elliott) 160 
Clarke, H., & Co. 2S4 
Claude Lyons 371 
Colvern 253 
Concordia Electric Wire 104 
Connollys 368 
Cosmocord 204 
Creators 372 

Davu Wire & Cables (see Day) 168 
Day, J., & Co. 108 
Derritron Group 493 

Dial Engineering Co . 
Diamond 1-! Controls 
Digital Measu rements 
Digitizer Techniques (see 

Stand No. 
107 
213 
495 

Twickenham Automation) 103 
. Dub ilier 273 
Duratube & W ire (see Tyg'adure) 220 

East Grinstead Electronic 
·Components (Rad iohm) 400 

Eddystone 201 
Egen Electric 258 
Elcom 483 
Electrical Apparatus Co. 408 
Electrical Research Assoc. (E .R.A.) 360 
Electro Acoustic lndust. (Eiac) 255 
Electro Mechanisms 54 
Electrolube 211 
Electronic Machine Co. (E .M.C.) 169 
Electroprints 409 
Electros il 487 
Electrothermal Engineering 221 
Elliott-Automation Group 160 
Enalon Plastics 404 
Enfield Phelps Dodge 486 
Engineering Enterprises . 359 . 
English Electric Valve Co . (E .E.V.) 164 
Enthoven Solders 217 
Erg Industrial Corporation 269 
Erie Resistor 228 
Ether 364 
Ever Ready Co. 256 
Evershed & Vignoles 411 

Fane Acoustics 351 
Fenbridge Products 112 
Ferranti 311 
Filhol, J. P. 52 
Fine Wires 502 
Firth Cleveland 216 
Flight Refuelling 492 
Formica 167 

G.K.N. Screws & Fasteners 219 
Gardners Transformers 478 
Garrard Engineering 402 
Girdlestone Electronics 363 
Goodmans Industries 270 
Greenpar Engineering SO 
Gresham Transformers 480 

Stand No . 
Haddon & Stokes (see G.K.N.) 219 
Hallam, Sleigh & Cheston 205 
Harwin Engineers 488 
Hatfield Instruments 469 
Hawker Siddeley Dynamics 51 
Hendrey Relays 503 
Highland Electron ics 497 
Hinch ley Engineering Co. 280 · 
Heywood & Co. 463 
Hivac (see Plessey) 159 
Hughes International 324 
Hunt, A. H. 303 

ICI Plastics Division 477 
lliffe Electrical Publications 4S6 
Imhof, Alfred 304 
Industrial Electron ics 456 
Insulat ing Components & 

Materials 460 
I nsuloid Manufacturing Co . 278 
International Electro·nics 276 
International Nickel ' 116 

J.D. Electronics 473 
Jackson Bros . 267 
Jermyn Industries 468 

K.G.M. Electronics 232 
Ketay (see Plessey) 159 
Keyswitch Relays 450 

Stand No. 
Levell Electronics 454 
Lewis Spring Co. 110 
Linton & Hirst 27S 
Livingston Laboratories 369 
Londex (see Elliott Automation) 160 
London Electric Wire (Lew cos) 268 
London Electrical Manfg; (Lemco) 262 
Lucas 315 
Lustraphone 209 

M.B. Metals 113A 
M.C.P. 47S 
M.E.C. 300 
McO Valve Co. 312 
McMurdo Instrument 218 
Magnetic Devices '314 
Magnetic & Electrical Alloys 

(see Telcon) 
(contineud on page 272) 
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RADIO & ELECTRONIC COMPONENTS 

WHAT is a component? This question might well be asked 
by a visitor to the Radio & Electronic Component Show 
which opens at Olympia on May 18th for four days. As will 
be seen from the following preview of some of the main 
items to be seen on the 240 stands, exhibits range from 
discrete components, through integrated circuits, to complete 
pieces of equipment. The 'fact is that the line of demarca- 
tion between a component and a complete unit has almost 
disappeared. Be that as it may, the visitor' will find that 
this nineteenth -exhibition in the series sponsored by the 
Radio and Electronic Component Manufacturers' Federation, 
offers as wide a variety of " bits and pieces " as ever. 

The information given in the following pages has been 

extracted from material supplied by manufacturers. Some 
exhibitors, however, did not respond to our invitation to 
send details. All exhibitors are named in the following 
alphabetical list. Where a number of associated firms are 
sharing a stand the name of the one with which the note is 
headed in the preview is given in brackets. Similarly, if a 
stand is reviewed under a trade name then this is given in 
brackets, in the list. 

For the convenience of professional readers unable to 
attend the show a number is appended to each report so 
that those wanting fuller information can readily obtain 
it by inserting the appropriate number on a reader service 
card. 

LIST OF EXHIBITORS AND PLAN OF THE EXHIBITION 

Stand No. 
A.B. Metal Products 319 
A.E.I. 302 
A.K. Fans 207 
Air Control Installations 106 
Aircraft-Marine Products(A.M.P.) 313 
Aladdin Radio Industries 57 
Alberice Meters 111 
Alden Metal Products 452 
Allen Components 234 
Alma Components 150 
Alston Capicitors (see Alma) 150 Amphenol-Borg (Electronics) 277 
Ancillary Developments 476 
Anderson & Son (see Aladdin) 57 
Anglo-American Vulcanized Fibre 407 
Antiference 214 
Applied Developments 501 
Ariel Pressings 323 
Arrell Electrical (see Permanoid) 206 
ArroW' Electric Switches 490 
Ashburton Resistance Co. 60 
Astralux Dynamics 453 Avel Products 105 
Aviation, Ministry of 114 
Avo (see Taylor) 152 
B.&R. Relays 170 
B.I.C.C. 161 
B.P.L. Instruments 250 
BSR 166 
B.T.R. Industries *=500 Bakelite 485 
Balfour & Darwins 279 
Barclays Bank 496 
Barlow-Whitney I 15 =
Beckman Instruments 266 
Bedco 484 
Belctere 466 
Belling & Lee 308 
Bird, Sydney S., (Cyldon) 200 
Bonnella, D. H., & Son 455 
Bradley, G. & E. (see Lucas) 315 
Brandauer & Co. 56 
Brayhead 227 
British Electric Resistance (Berco) 366 
Brush Clevite Co. 479 
Bulgin 155 
Burgess Products Co. 305 
C.C.L, 457 
C.G.S. Resistance Co. 352 
C. & N. (Electrical) 318 
Cambion Electronic Products 362 
Cannon Electric 233 
Carder, R. E. (see K.G.M.) 232 
Carr Fastener Co. 263 
Cathodeon Crystals 225 
Celestion (see Rola Celestion) 223 
Chromeplas (see Creators) 372 
Ciba 203 
Circetch (see Livingston) 369 
Clare-Elliott (see Elliott) 160 Clarke, H., & Co. 254 
Claude Lyons 371 
Colvern 253 
Concordia Electric Wire 104 
Connollys 368 
Cosmocord 204 
Creators 372 
Davu Wire & Cables (see Day) 168 
Day, J., & Co. 108 
Derritron Group 493 

Stand No. Dial Engineering Co. 107 
Diamond H Controls 213 
Digital Measurements 495 
Digitizer Techniques (see 

Twickenham Automation) 103 Dubilier 273 
Duratube & Wire (see Tygadure) 220 
East Grinstead Electronic 

Components (Radiohm) 400 Eddystone 201 
Egen Electric 258 
Elcom 483 
Electrical Apparatus Co. 408 
Electrical Research Assoc. (E.R.A.) 360 
Electro Acoustic Indust. (Elac) 255 
Electro Mechanisms 54 
Electrolube 211 
Electronic Machine Co. (E.M.C.) 169 
Electroprints 409 
Electrosil 487 
Electrothermal Engineering 221 
Elliott-Automation Group 160 
Enalon Plastics 404 
Enfield Phelps Dodge 486 
Engineering Enterprises 359 
English Electric Valve Co. (E.E.V.) 164 
Enthoven Solders 217 
Erg Industrial Corporation 269 
Erie Resistor 228 
Ether 364 
Ever Ready Co. 256 
Evershed & Vignoles 411 
Fane Acoustics 351 
Fenbridge Products 112 Ferranti 311 
Filhol, J, P. 52 
Fine Wires 502 
Firth Cleveland 216 
Flight Refuelling 492 
Formica 167 
G.K.N. Screws & Fasteners 219 
Gardners Transformers 478 
Garrard Engineering 402 
Girdlestone Electronics 363 
Goodmans Industries 270 
Greenpar Engineering 50 
Gresham Transformers 480 

Stand No. Haddon & Stokes (see G.K.N.) 219 
Hallam, Sleigh & Cheston 205 
Harwin Engineers 488 
Hatfield Instruments 469 
Hawker Siddetey Dynamics 51 Hendrey Relays 503 
Highland Electronics 497 
Hinchley Engineering Co. 280 
Heywood & Co. 463 
Hivac (see Plessey) 159 
Hughes International 324 
Hunt, A. H. 303 
1CI Plastics Division 477 
lliffe Electrical Publications 456 
Imhof, Alfred 304 
Industrial Electronics 456 
Insulating Components & 

Materials 460 
Insuloid Manufacturing Co. 278 
International Electronics 1 276 
International Nickel 116 
J.D. Electronics 473 
Jackson Bros. 267 
Jermyn Industries 468 
K.G.M. Electronics 232 
Ketay (see Plessey) ) 59 
Keyswitch Relays 450 

Stand No. Levell Electronics 454 
Lewis Spring Co. 110 
Linton & Hirst 275 
Livingston Laboratories 369 
Londex (see Elliott Automation) 160 
London Electric Wire (Lewcos) 268 
London Electrical Manfg. (Lemco) 262 
Lucas 315 
Lustraphone 209 
M.B. Metals II3A 
M.C.P. Electronics 475 
M.E.C. 300 
M-O Valve Co. 312 McMurdo Instrument v 218 
Magnetic Devices 314 
Magnetic & Electrical Alloys 

(see Telcon) 556 
(contineud on page 272) 
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Preview of the London Show 

GRAND HALL, OLYMPIA, LONDON, W.l4 

MAY 18th TO 21st 
OPEN FROM 10 a.m. TO 6 p.m. 
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