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10* cm. Their concept is illustrated in
Figure 4. This is essentially a ramp in which
- in equilibrium - the clectrons on both
sides of the divide sec the same barrier
height. When, however, a negative voltage
is applied on the metallic side as Figure 4b,
it raises the electron energy levels in the
metal relative to those in the
semiconductor.

The result is an increase in the barrier
space charge and the semiconductor
electrons ‘see” an increase in barrier height.
Therefore electron flow from the
semiconductor to the metal decreases.

Conversely, the application of a positive
voltage to the metal as in Figure 4c,
decreases the metal’s electrons energy
levels in comparison to those of the
semiconductor material, so that its
conduction electrons ‘see’ a barrier that has
been lowered. The result is a considerable
increase in current flow in the forward
direction, from semiconductor to metal.

Although both the Wilson and Mott-
Schottky theories had their faults - one of
which was that both hypotheses took no
account of the role of minority carriers -
they were among the earliest attempts to
explain the metal/semiconductor forward-
reverse conduction mechanisms. This then
paved the way for the later, American work
on the development of the transistor.

In fact by 1931, Alan Wilson was using *. .
the so-called band theory to study the
processes by which conduction occurs' ¥ in
semiconductors and this groundbreaking
work remains the basis of our
understanding of semiconductor operation.
His theory gave us the concept of doping
semiconductor material with precisely
measured amounts of impurities, which
produced what he termed defect and
excess types of semiconductor.

Ten years after Wilson’s research Jack
Scaff, a Bell Laboratories (Bell Labs)
metallurgist, renamed these substances p-
type and n-type, the names by which they
are known today.

By early 1935, Bell Labs had decided to
carry out research into electronic
conduction in solids, the Bell believing that

‘. . the knowledge of materials and
processes acquired will ultimately be of
value in the solution of engineering
problems.” * This research triggered a new
interest in crystal detectors, Bell wishing to
develop . . a crystal detector for
microwaves because vacuum tubes would
not work at those frequencies.' *
Consequently one of Bell’s radio
engineers, George Southworth, asked his
metallurgist and chemist colleagues if they
could produce silicon whose properties
would be more controllable and
predictable than that used in the ‘cat’s
whisker’ radio detectors. Whilst Bell Labs
concentrated on silicon, a research group
at Purdue University, led by Professor Karl
Lark-Horovitz, investigated germanium,
with a view to using the material as a radar
detector. Yet this period was not one of

theory entirely. Two German researchers
actually applied for patents for solid state
devices at this time, one in the US, the
other in the UK.

The Patent Men

In March 1928, Dr. Julius Lilienfeld filed a
patent application with the US Patent Office
for what he termed “a device for
controlling electric current.”

Patent No. 1,900,018 was subsequently
granted on the 7th of March 1933 for the
device illustrated in Figure 5. This has had
the letters G, S and D added, mimicking
the current field-effect transistor
terminology of Gate, Source and Drain.

The materials used were unusual, to say
the least. The Gate - 10 in the illustration -
is made from aluminium and insulated by a
film of aluminium oxide, 11. The p-type
semiconductor - 12 - is made from cuprous
sulphide and is of molecular thickness at
the point shown as 13. The Source and
Drain contacts are shown as 14 and 15 and
are electrical conductors. Both they and the
semiconductor were vacuum evaporated.
How well did this early quasi-transistor
work?

In 1964 J. B. Johnson, the discoverer of
‘Johnson Noise,' who was - at that time - a
physicist with the Instrument Division of
Thomas A. Edison Inclustries attempted to
find out whether Lilienfeld’s device would
indeed work.

Johnson had his doubts since - despite
his having carefully followed Lilienfeld’s
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