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This invention relates to means for and

- methods of transiating or eontrolling electries?

signals and more particularly to circuit elements

utllizing semiconductors.and to systems inclugd-
ing such elements.

One peneral object of this mvention is fo pro-
vide new and improved means for and methods
of trenslating and controlling, for example am-
plifying, generating, moduiating, ete., electric
signals,

Another general object of this invention is to
enable the efficlent, expedifious and economic

. translation or control of electrical energy.

In gecordance with one broad feature of this
invention, {ranslation and control of electric
signals is effected by alteration or regulation of
the conduction characteristics of a semicondue-
tive body. More specifically, in accordance with
one broad feature of this invention, such trans-
lation and control is effected by control of the
characteristies, for example the impedance, of

- & layer or barrier intermediate the two portions
of & semiconductive body in such a manner as
to slter advantageously the flow of current‘. be-
tween the two portions.

One feature of thls invention relates tu the
control of current fow wurﬁ'dsu a semiconductive

- body by means of carriers of charge of opposite
slgn to the carriers which convey the current
through the body.

Another feature of this Invention relates to 2
body of semiconductive materiel, means for mak-

ing alantrical eonnection resnectivelv to two nor-
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tions of said body, means for making a third
electrical connection to another portion of the
body intermediate the first two portions, and
¢lreuit means including power sources whereby
the influence of the third connection may be
made to control the flow of eurrent between the
other connections.

A further feature of this invention resfdes in
& body of semiconductive material comprising
two zones of material of opposite conductivity
type separated by a barrier, means for making
external electrieal connections respectively to
each zone and means for making a third connec-
tlon to one of the zones adjacent the barrier for
controlling the flow of current between the other
two connections.

Another feature. of th.is 1nventicm mvolves s
semiconductive body which may be used for
voltage-and power amplification when associated
with means for introduecing mobile carriers of
charge to the body at relatively low voliage and
extracting like cerriers at a relatively high volt-
&ge.
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of the block close to the barrier.

) z .
Other objects and features of this invention
will appear more fully and elearly from the fol-

lowing description of illustrative embodiments
thereof taken in connection with the appended

- drawings in which:

The single figure shows In section a device

- suitable for practicing the invention, in connec-

tion with an appropriate circuit,

The device of this invention is in some respects
like devices illustrated and deseribed in the ap-
plication of W. S8hockley Serial No. 35,423 filed
June 26, 1948, Reference is made to said appli-
cation for a general deseription and discussion
of pertinent nrincibles, suitable materials and
certain terms which may be employed in the
description and claiming of this invention.,

The terms. N-type and P-type are applied to
semiconductive materials which tend to pass cur-
rent easily when the material is respectively
negative or positive with respect to a conduetive
contact thereto and with difficulty when the re-
verse is true, and which also have consistent Hall
and thermoelectric effects.

The conductivity type (either N- or P-type) of
a semiconductor may be determined in one way
by minute quantities of significant impur:ties as
discussed in the previously noted application Ser-
ial No, 35,423. Energy relations within the semi«
conductor may also determine the conductivity
type as more fully discussed in the application of
J. Bardeen and W. H. Brattain Serial No. 33,466
filed June 17, 1948. .

The term “harrier” or “electrlcal barrier” used
in the description and discussion of the device of

“this Invention is applied to a high resistance in-

terfacial condition between contacting semicon-
ductors of respectively opposite conductivity type
or between a semiconductor and a metallic con-
ductor whereby current passes with relative ease
in one direction and with relative difficulty in the
other.

The device shown in the flgure comprises a body
or block of semiconductive material, for example
germanium, containing significant impurities.
The block comprises two zones 10 and (I re-
spectively of N- and P-{ype materials sepatated
by the barrier t2. The opposite ends of the block
are provided with relatively large area connec-
tions (3 and !4 respectively, which may be metal-
lic coatings such &s solder, vapor deposited metal
coatings, electroplated metal coatings or the like.

Means for making connection to one of the
gones closely adjacent to the barrier (2 may com-
prise & point contact 15 bearing on the surface
“The contact
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point may be of tungsten, Phosphor bronze or
the like.

Conductor 171 leads from connection 14 to a
load Rr and thence through a power source, such
as a battery I8, and back through conductor 19
to the body at connection 13. A source 21 of
signal voltage and a biasing gource 22 are con-
nected from the contact {5 adjacent the barrier
to connection 13 by conductors 23, 24, 25 and §9.
With N and F zones as shown, the negative pole
of source 18 is connected to the P zohe and the
positive pole to the N zone. The positive pole of
biasing source 22 is connected to the contact 15
in order that current may be easily Introduced
to the N-type material at this point.

With the device and eircuif as shown the con-

nections i3, 14 and i5 may be called the base,
collector and emitter respectively in accordance
with nomenclature which has been applied to de-
vices of this type The circuit between the base
13 and the emitter 15 then is the input circuit
and that between the base {3 and the collector (4
is the output circuit. The battery 18 in the out-
put circuit may have & voltage of the order of 10
to 100 volts and the bias 22 In the input circuit
may be of the order of 0:1 to 1:0 volt.

The current introduced to the N zone at the
point contact 1§ comprises *holes™ as more fully
discussed in application Serial No. 35423 to
which reference has been made heretofore. The
“holes” injected from the point (§ will diffuse in
the N-type material and If they approach the

"N—P junction they will be drawn across into the

P region by the field existing there. Under the
condiiions of operating bias, there is a steady
small current across the junctlon and this en-
hances the natural field so that the “holes” en-
tering the N region will tend to be pulled toward
the junction by the biasing field produced by the
battery. For this reason if the “holes” are in-
jected within a few mils of the junction, they will
substantially all be drawn across the barrier into
the P region. Consequently, substantially all of
the injected current which consists of “holes™
will flow into the P reglon.

Since the point 1§ is operated In the forward
direction or direction of easy current flow, it has
relatively low input impedance. On the other
hand, the N—P junction has relatively high im-
pedance so that there i{s power gain across the
device in the usual way as discussed in the pre-
vious application Serial No. 35423,

If a econtact such ag 15 iz made s0 that it will
inject electrons, it should be placed on the P
side of the barrier and the device operated with
the input and output circuits interchanged and
with all of the polarities reversed. Other semi-
conductive materials than germanium may be
used s0 long as high Impedance N—P junctions
are obtained and so long as the point injects car-
riers of the sizn not normally present in the re-
gion to which it makes contact.

Tt is to be understood that the specific em-

diments of the invention shown and described
are but illustrative and that various modifica-
tions may be made therein without departing
from the scope and spirit of this invention.

What is claimed is:

1. A translating device comprising a body of
semiconductive material having zones of oppo-
site conductivity type separated by a barrier, an
ohmic connection to each zone remofe from the
barrier, and a reetifying contact on one Zone
closely adjacent to the batrier.

2, A translating device comprising a body of

germanium material havlng zones of opposite

conductivity type separated by a barrier, an chm-

ic connection to each zone remote from the bar-
rler, and a metallic rectifying point on one of
5 osaid zones closely adjacent to the barrier.

3, A translating device comprising a body of
semiconductive material having zones of N- and
P-type material separated by a barrier, an ohmic
connection to each zone remote from the barrier,
and a imetallic rectifying poini on {ne N-type
zone closely adjacent to the barrier.

4, A trenslating device comprising & body of
germanium material having zones of N- and P-
type material separated by a barrier, an ohmie
connection to each zone remote from the barrier,

and a matallic ractifving nnint on tha D_otvne
ang & metallic recillying poing on e I-iype

zone closely adjacent to the barrier,

5. An amplifier comprising a body of semicon-
ductive material having Zones of opposite con-
ductivity type separated by a barrier, a base
connection to one zone remote from the bar-
rier, means for iniroducing current to ssid one
zone including a rectifying contact closely ad-
jacent to the barrier and a source of relatively lIow
voltage between the base connection and the rec-
tifying contact, said voltage poled in the direction
of easy current flow into said one gzone, and
means for exiracting current from the gther zone
including an ohmie connection and a source of
relatively high voltage between the base connec-
tion and the ochmie connection, said voltage poleg
in the direction of difficult current flow through
said barrier,

6. An amplifier comprising a body of germani-
um material having zones of N- and P-type ma-~
terial separated by a barrler, an input cireuit in-
cluding a source of relatively low voltage, a rec-
tifying point on the surface of the N-type zone
closely adiacent the barrier, and an ohmic base
connection to the same zone remote from the bar-
‘rier, and an output elrcult including a soirce of
relatively high voltage, an ohmic connection to
the P-type zone remote from the barrier and the
hase connection.

45 7. A translating device comprising a body of
semiconductive material having zones of oppo-
site conductivity type separated by a barrier,
megns for introducing current at low impedance
into one of said zones including a metallic rec-

50 tifier point on the surface of said one zZone close-

Iy adjacent said barrier, and means for extracting

current from the other Zone comprising an ohmie

connection to sald other zone remote from sald
barrier.

8. A circuit element comprising a slab of semi-
conductive material having zones of opposite con-
ductivity type separated by a barrier interme-
diate its end, a large area ohmic connection to
each end of the slab, and a metallic point con-
680 tact on the surface of one of said zones closely

adjacent to said barrier.

9. A translating device comprising a body of
semiconductive materia} having Zones of opposite
conductivity type separated by a barrier, means

88 for introducing at low impedance to one of sald
zones current carriers of opposite sign to those
normally found in said zone including a metallic
rectifler point on the surface of said zone closely
adjacent said barrier, and means for extracting

70 current from seid other zone comprising an chm-
ic connection to said zone remote from said
harrier. :
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