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THREE-ELEMENT electronic device which util-

izea a newly discovered principle involving a semi-
conductor aa the basic element |n described, It may be
cmploved s an amplificr, oscillator, and for other pur-
poses for which vacuum lubes nre ordinarily used. The
device consists of three electrodes placed on a block of
germanium! as shown schematically in Fig. |, Two, called
the emitter and collector, are of the paint-contact roctifier
typa and are placed in close proximity (separation ~.0035
to 025 cm) on the upper surface. The third ie a large area
low resistance contact on the base.

The gerinanlurn is prepared in the same way as Lhat
ised [or high back-voltage rectifiers.? In thisa fornt 0t in an
N-type or excess semi-conductor with a reaistivity of the
order of 10 obm em, In the original studies, the upper sur-
face was subjected to an additional anedic oxidation in a
glycol borate solution? afeer iv had been ground and erched
in the usual way. The oxide is washed off and plays no
direct role. It has since been found that other surface
trealments are evqually effective. Both tengaten and phos-
phor bronze points have been used. The collector point
may be electrically formed by passing large currents in the
reverse direction,

Each point, when connected separately with the base
clecirode, has characteristics similar to those of the bigh
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Fic, 2, ile, charusterisiics of an experimental semlconducior triode
The curgenis and vollages are as indicated o Fig. 1.

back-voltage rectifier. Of critical Importance for the opera-
tion of the device is the nature of the current In the for-
ward direction, We believe, for reasana discissed {n detall
in the accompanying letter, that there is a thin [ayer next
to the surface of P-type (defece) conductivity, As o result,
the current in the forward direction with respect to the
block |s composed in large part of holes, Le., of carriers
of sign opposite to those normally in excess in the body of
the block,

When the two point contacts are placed close together
on the surface and d.c, bias potentials are applicd, there
s & mutual Influence which makes |t pasaible to use the
device ta amplify a.c. signats. A circuit by which this may
be accomplished in shown in Fig, {. There is & amall for-
ward {ponitive] bias on the emitter, which causes n current
of a few milliamperes to flow into the surface. A reverse
(negative) biaas in applicd to the collector, large enough to
make the collector current of the game order or greater than
the emitter current, The sign of the collecior bias ls such
as to attract (he holes which Bow lrom the emitter so that
& large part of the emitter current flows to and enters the
collector, While the collector has a high impedance for
flow of electrons into the semi-conductar, there ia litde
impediment to the fluw of holes into the point. If now the
emitter current is varied by o signal voltage, there will be a
chrresponding variation in callector current. It has been
found that the flow of holes from the emitter into the col-
lector may alter the normal current flow from the hase Lo
the collector in suel n wiy that the change in callecior



current i larger than the change in smitter current.
Furthermore, the collector, being operated in the reverse
direction as u rectificr, has a high impedance {104 1o 10¥
obma} and may be matched to & high impedance load.
A large ratio of ouiput to input veliage, of the same order
as the ratio of the reverse to the forward impedance of the
point, Is obrained, There s a corresponding power am-
plification of the input signal,

The d.c. eharacteristics of & typical experimental unit
are shown in Fig. 2. Theres are four variables, two currenty
and two voltages, with a functional relation between them.
Il twa are epecified the other two are determined. In the
nlot of Fig, 2 the emitter and collector surrents f. and T,
are taken as the Independent variables and the correspond-
ing voltages, V, and V., measured relative to the base
electrode, as the dependent variables, The conventional
directions for the currents nre ar shown In Flg. 1, In normal
operation, I, I, and ¥, are positive, and Vi is negative,

The emitier current, I, is simply related o ¥, and Ja.
To & close approximation:

Ip-f{Vl'l'RP-rl}r {1}

where fp 12 8 constant independent of bias. The Interpreta-
tion is that the collesiar current lowern the potential of Lhe
surface in the vicinity of the emitrer by Rpl,, and thus
increames the effective blas voltage on the emitter by an
equivalent amount, The term Rpl, represents a positive
fredback, which uwnder some opersting conditions s
sufficient to cause instabillty,
The turrent amplification factor a is defined as

o - {5 rdjiﬂfl}l'i-—nlll-

This lactor depends on the operating blaser. For the unit
shown in Fig. 2, a lies between one and twa il V<=2,

Using the circuit of Fig. |, power gains of over 20 db
have been obtained, Units have been apernted na amplis
fiers at [requencies up to 10 megacycles.

We wish to acknowledge our debt to W, Shockley lor
initinting and directing the research program that led to
the discovery on which this development {s based. We are
alsa indebted to many other of our colleagues at thess
Laboratories for material assistance and valuable sug-
geations,
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