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SEMICONDUCTOR RELAY DEVICE

diloyd P. Hunfer, Pittsburgh, Pa., -assignor ‘to
Westinghouse Electric Corporatlon, East Pitts-
‘burgh, Pa., a .corporation of Pennsylva,ma

Application Feébruary 8, 1951, Serial No. 209,948
(CL 171—97)

:51 Claims.
.l .
This application is a continuation-in-part of
my.-application, .Serial ‘No, ‘150,243, filed ‘March
17, 1950, now -abandoned, .and assigned to
Westinghouse ‘Electric 'Corporation.
"My invention is related generally to: electromc

relay devices, and more particularly to electronic -

relay devices .of :the triggered type, in which
there is utilized 'a:semi-coriductive device having
a:plurality ‘of electrodes associated therewith. .
It *has been :convertional practice -for many
years to utilize electric discharge tubes of various
types, as -the basic ‘element :of  electronic relay
devices. ‘One .of 'the .electric .discharge :tubes
commonly used in relay devices of the:triggered
type is the thyratron. While thyratrons are gen-
erally satisfactory for triggered type relay service
where the power requirements are relatively high,
they are subject to-a number of disadvantages in
applications in which relay apparatus-having ex-
tremely low power handling capability can be
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utilized. Principal among these disadvantages

are comparatively long re-set time (of the order
of several microseconds), relative large size and
complexity, ‘and the requirement for a ﬁlament
power supply.

‘Recent developments in the art of semi-con-
ductors have resulted in the ‘introduction of:a
new -device, termed -a transistor, which is known
to be capable of performing some of ‘the func-
tions of a vacuum -tube. The transistor com-
prises & body or block of “semi-conductive ma-
terial, which may be-silicon or germanium, with
which are associated three electrodes. Two of
these electrodes, called the emitter and collector
are rectifying €lectrodes, usually in the form of
pin-pointed  conductive ‘probes, located in prox-
imity, in contact with the semi-conductive ma-
terial. The third electrode, called the base elec-
trode, is -a non-rectifying -electrode located -else-
where on the semi-conductive body, usually a
plate of conductive material, placed contiguous
to the semifconductive body or the block. -The
transistor is very small in size, simple in struc-
ture, does: not-require a filament power -supply,
and is operable at extremely low power levels.
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Another object of my invention is:to.provide:nix
improved :electronic relay device which :does . not
require “a filament .power supply. .

~Another ‘object :of .my -invention :ig to" provide
an improved .electronic relay apparatus which.is

- of very simple, small, and compact structure. "

A further object of my invention is to provide
an :improved electronic relay device of -thettrig-
gered type,.which ‘can-be’triggered hy:either:a -
positive .or negative pulse without changing; the .

. polarity of -other -eircuit psrameters:

A further okject of my invention isto: pre\nde
an improved electronic translating apparatus of.
the triggered  type, which :shall ;utilize -5 :5emi-
conductive -device ‘having -three :elec¢trodes;: a,nd
which can ‘be thermally triggered. -

A further object of my invention is-to: proVide
an ‘improved triggered type ‘electronic relay .de~
vice ‘which shall havn an- extremely short re-set
time. ‘

A still £urther obJect of ‘my- mventlon 1s to
provide:an :electronic relay -apparatus-utilizing :a
body ‘or -block -of ssemi~conduetive :materinl hav=
ing three-electrodes and-in which:an A, C re-set
potential -can :be -effectively used. . -~ . <5~

‘There-is shown-in Fig.-1 of the: drawmg, & de-
vice well known -in-the prior-art as-a photo-peak
diode. This-device comprises -a- block of “N»
type "-semi-conductive . material, such .as ger=
manium, in which -there is-a .small “P” type iin-
clusion-2. A collector probe electrode 3 is-placed
near -the “P=N” boundary, -in -contact with -the
inclusion 2. A:base-electrode 4 :is located on-the
opposite-face of<the block 1. ‘The-cellector.elec-
trode -8 -is ‘binsed -positively with . respect to-the
base -electrode #-hy .a variable D..€. potential
source -5, -in--series -with a -load impedance 6.
The current which. flows-due to this positive volt-
age ‘bias is-defined herein as.a positive -current
bias. If .an -electrode -is:biased negatively with:

* respect ‘to-the -base «electrode, -the -current-which:

These characteristics suggest the desirability of

finding some way -to-utilize-the transistor, -or -a
similar device as-the basic element of a triggered
type relay.

It is, accordingly,-an object of my invention
to provide an-improved triggered type relay ap-
paratus for use at very low power levels which
shall utilize, as its basic element, a device com-
prising -a"body or block 'of semi-conductive ma-
terial having  three electrodes associated there-
with.
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flows ‘as -a resultof this:bias:is-herein defined AaS
a 'negative .current-bias. -If a.-plot is made. with
collector -current, -I, as .ordinate, .and: .collector
voltage,-V, -as -abscissa, the-result will: ‘be 8 Col=
lector  characteristic having-a ‘peak voltage such
as-is:shown by the eurve A.of Fig.-2 of-the draw-
ing. The-value of the collector characteristic
peak voltage-in-the positive direetion-is- known to
be -dependent upon ‘the-loecation and pressure -of
the -collecfor probe on the-inclusion. -If the: col-
lector probe is ‘properly-located, thig: peak -can be
made to substantially disappear by inereasing
the probe pressure. The voltage of this peak:is
also affected: by -the ‘temperature. of: the-prehe-
inclusion junetion region and by intensity-of light
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falling in the area near the probe-inclusion june-
tion. It is from this latter effect that the name
“photo-peak” was derived. It is known em-
pirically that the collector characteristic peak
always occurs at substantially the same collec-
tor current magnitude. A fully satisfactory ex-
planation for this phenomena has not as yet been
found. It is generally accepted, however, that
light and temperature affect the number of cur-
rent carriers present in the semi~-conductor mate-
rial (holes in the filled band, electrons in the con-~
- ductor band). For the theory of conduction in
solids as it is now understood, Teference is made
to such works as Torrey and Whitmer, Crystal
Rectifiers, McGraw-Hill, 1948, and a detailed
discussion therefore will' not be attempted here.

The “photo-peak” diode differs from the ordi-~
nary semi-conductor diode, in which the semi-
conductor is all either “P” type or “N” type, in
that the “photo-peak” diode has a high resistance
in both the positive and negative directions, in
the region from. the origin substantially to the
peaks.. 'This region is indicated as being between
the points ¢ and b on curve A of Fig. 2.

The back resistance (the probe-semi-conductor
contact resistance in the normally low current
direction)  of & pure “N” or “P” type semi-con-
ductor ‘can be varied by placing a second probe
eléctrode near the collector electrode and inject~
ing either holes or electrons respectively into the
semi-conductive material.
of transistor action. In an ordinary “P” type
transistor, the back resistance is caused to de-
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This is the principal .

crease by -the injection of electrons (which is ’

done by biasing the emitter electrode negatively
with respect to the base electrode, when the col-
lector voltage is positive). In the case of an “N”
type transistor, the same effect is obtained by in-
jection of holes (which is done by biasing the
emitter electrode positively with respect to the
base.electrode when the collector voltage is nega-
tive). _Thus it is noted that in the case of “P”
type semi-conductive material, the back resist-
ance is decreased by the injection of electrons.

I have discovered that if the collector probe
pressure on a photo-peak diode is adjusted so
that the collector characteristic peak substan-
tially disappears, and a second probe is placed
on the “N’’ type material near the “N-P” bound~-
ary, that the peak can be caused to reappear
by - causing  eléctrons to flow from the second
probe into the “N” type material. This action
is anomalous to the expected result, because it
means that the back resistance of “P” type ma-
terial has been increased, rather than decreased,
by electron injection. I have also found that
as the negative bias on the second probe is con-
tinuously increased, (more- electrons injected
into the “P” type material through the barrier
between the “N” type material and the “P” type
material) the voltage of the peak of the collector
characteristic curve increases, reaches a maxi=
mum, and then decreases. On the other hand,
if the pressure and location of the collector probe
is-adjusted such that a peak appears initially
in the collector characteristic, the magnitude of
this peak can be made to decrease by injection
of holes from the second probe into the “N” type
material. . I have found further that the break-
down voltage in the back direction of an ordinary
semi-conductor diode can be varied by current
carrier (holes or electrons, as the case may be)
injection. ° :

Th seeordance with the broad aspects of my

invention, I utilize the discovery that the collector’
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characteristic peaks, in the case of a photo-peak
semi-conductor diode (or the voltage at which
breakdown occurs in the back direction, in the
case of an ordinary semi-conductor diode), can
be caused to vary by injection of current carriers
from a second probe, to provide a novel and im-
proved triggered type relay device.

It is to be understood that the principles of
my invention may he applied to various forms
of appropriate semi-conductive devices. In order

that -my invention be clearly understood, how-

ever, I will describe it in connection with specific
embodiments in which a. semi-conductive device
taking the general form of the so-called type “A”
transistor, is utilized.

My invention, together with other objects and
advantages thereof, will be best understood from
the following description, when read in con-
nection with the accompanying drawing, in
which:

Figure 1 is a schematic diagram showing a
corventional photo-peak diode; :

Fig. 2 is a curve showing the collector char-
acteristic of a photo-peak diode such as that of
Fig. 1; g

Fig. 3 is a schematic diagram showing a pre-
ferred embodiment of my invention; -

Fig. 4 is a curve showing the collector diode
characteristic .of the semi-conductive device of
Fig. 3 for various conditiorns;

 Fig. 5 is a schematic diagram showing a fur-
ther 'embodiment of my. invention; and .

Fig. 6 is a curve showing the collector: diod
characteristic of the semi-conductive device of
Fig. 5, for various reasons. -~ ) S

With reference to Fig. 3, a triggered type re-
lay device may be constructed in accordance
with my invention by utilizing a block !4 of an
“N” stype semi-conductive material having on
one face thereof a small- “P” type inclusion
i3 The semi-conductive material may be of
any suitable type but is preferably germanium.
The preferred method of forming the “P” type
ineclusion is by high energy particie bombardment
of an “N” type semi-conductive block.  How-~
ever, if it is desired, “N” type -crystal- blocks
having “P” type inclusions can be selected from
a large melt of semi-conductive material. = A
point contact collector -probe {5 is located in
contact with the inclusion 3 and near the “P-N”
boundary of the semi-conductive block . A base
electrode 17 is placed contigucus to the opposite
face of the block {1 in such a manner as to secure
a relatively large electrical contact area. A suit-

5 able output impedance {8 having terminals {9,

21, is connected in seriez with a source of vari-
able potential 23 between the collector electrode
15 and the bhase electrode (7. This variable po-
tential is shown as a potentiometer 25 shunfed
by a battery -27 to place a positive bias on the
collector electrode (5. However, an A. C. col-
lector bias potential may be used in some ap-
plications; as will be hereinafter more fully ex-
plained. - A second point contact electrode 28,
which will be hereinafter referred to as the emit-
ter electrode, is placed in contact with the -“N”
type material {1 proximate to the collector elec-
trode {5. An input impedance 3i having termi-
nals 23, 35.is connected in series with a variable
source of D. C. potential 37 between the emit-
ter and base electrodes 29, {7.. This D. C. po-
tential is shown for convenience as a poten-
tiometer 39 shunted by-a pair of series con-
nected batteries 49, 4i.  The. sliding contact 46

of the potentiometer 39 is connected to the lower
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inprit-impedance terminal. 35 and:the battery
juiiction: 44 is ‘coimected to ‘the "hase electrode
{1 The polarity-of ;the source 31 :is:made selec~
tively positive or ‘negative depending -upon: the
pasition -0f sthe potentiometer :sliding -contact 46.
H: is-emplasized-that ‘the -arrangement just. de-
seribed-is:schematic and isiintended-only to serve
as ‘an.-aid:in the understanding -of some -of the
possible-farms which my invention may take, and
ismot-intended -to:necessarily -represent any -par-
ticular commercial-form which my 1nvent1on may
take.

,.The ~gperation ‘of the arrangement: shown-in
Fig. 3-will be ‘best -explained -hy reference to the
curve of Fig. 4 in:which I have plotted collector
current,; 1, as ordinate-and the -collector voltage
Vi was: the abscissg, for the wvarious operating
conditions.: A load-line, B, has been -drawn for
a-icollector voltage .of Ecer -anid:a load ‘impedance
of X:iohms: - A-loadline, C; -has ‘been-drawn for

acolector woltage Ecz-and-a load impedance-of
X :ohms. - If it is desired o produce a control
pulse:at-the terminals 19, 24 of the output im-
pedance 18, the collector -probe 45 is- adjusted-in

Jocation -and pressure such that in ‘the absenee .

of. an-emitter bias the peak in the diode char-
acteristic ssubstantially disappears, as shown by
curve D of -Fig. 4. The -potentiometer sliding
contact 46 is-then located-so.as to place-a nega-

tive -bias .on the emitter electrode 29, causing ;

the ;peak  to weappear. 'This negative bias is
ad}usted s0- -that -the colector -characteristic
curve E- is .intersected by the load line at at
least -three points-¢;-d, e, the -point of highest

veltage ¢ being:just--below - the - voltage -of the .

peak -of -curveE, 50 that peint ¢ becomes the
operatmg point.  Now -a positive pulse of suf-
ficient -magnitude -to reduce -the collector char-
acteristic ;peak voltage sufficiently to cause the
load line; B, to-intersect .the .diade collector char-
acteristic, now :curve F, at only one point e, is
applied to the input impedance terminals 33, 35.
The .collector -operating current which was es-
tablished at .a relatively low magnitude by..the
Joad line, B, .at point ¢ now ‘jumps .instantane-

ously to.a new operating pomt of rélatively h1gh )

maghitude, as .determined by the Jload line, B,
at e. This jump in collector current magnitude
is substantially .instantaneeus. I have found
in. actua.l practice .that the collector current will

jump “from .a magmtude of 1 mllllampere to 7

dboiit T0. milliamperes [in less than ¥ of a
microsecond. 'The voltage change in the emiitter
cireuit required to causé this trigeer action is
somewhat 1ess than 1 volt.

‘Once the circuit has been t11ggered it ¢an be
reset after restoring the initial emitter bias, by
reducing the collector voltage sufficiently ‘that
the load line, ¢, will now interesect the colléctor
characteristic (curve ‘E) at .only one point; g.
Once the ‘collector valtage “has been sufficiently
reduiced, the circuit is reset substantially instan-
taneously (the reset time being of the same or-
der-of magnitude-as the trigger'time, .or less than
5 of a microsecond) . "The collector voltage can
be -automatically reduced to reset the circuit by
various convertional means. For example, the
capacitor 45, resistance 43 arrangement shown in
Fig. 3 serves this purpose. . The. resistance 43 :is
inserted between the base electrode 11 and the
negatlve terminal of the collector potentml source
23, and the capacitor 45 is -shunfed across the
potential source 23 and the resistance-43: ‘In:this
case the-circuit may ‘be used @as = relaxation.os-
cillator. -Such an oscillator may be either pulsed
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or free running, by proper adjustment-of either
emitter or collector bias. The circuit may also
bé ‘made: to. reset -automatically by the use of
an-alternating current -collector potential.

- Tt the-emitter ‘bias is-initially. made sufficient-
Iy *megative, the maximum collector character-
istic:peak voltage indicated by curve G of Fig. 4
nmay be reached; .so that increased negative bias
will ‘cause a decrease ;inr the peak voltage.  The
negative:emitter bias may be increased sufficient-
1y that ithe peak wvoltage will decrease to cor-
respond to curve E. In thiscase the circuit can
be triggered by placing .across the input imped-
ance terminals -33, :35 a mnegative trigger pulse

. of ssufficient -magnitude to further reduce -the

collector :characteristic peak to correspond “to
curve: F. The collector current will then jump
from-a:relatively Yow:magnitude ¢ to a relatively
high:magnitude e.- Also, if the emitter is biased
negatively so that the maximum collector char-
acteristic peak -voltage appears (curve G, Fig.-4)
and the -collector voltage is set so that a load
line, R, will :intersect ‘the collector character-
istic peak:at points s:and ¢, just below the peak
voltage;, then :the device may be triggered by
either:a positive or negative pulse applied across
the:input impedance terminals ‘23, 35. It is ap-
parent that the arrangement of Fig. .3 may be
adapted to .operate as any conventional trigger
circuit within its range of parameters. It may
also ‘be operated .as o relaxation oscillator, or
a pulse sgenerator. If it :is desired, a “P” ‘type
semi-eonductivesblock having.an “N-P'" inclusion
onone face sthereof may be ‘used with the same
results, exeep’b that - all polarltles will then “he
reversed. -

‘For-anether type of operatlon of the arrange-
ment of Fig. '3, the pressure of the collector-elec-
trode may be-adjusted (decreased) so that initial-
ly a peak-appears in ‘the collector characteristiec.
In this icase the pofentiometer slider 46 is ad-
justed so asto place a positive bias on the emitter
electrode” 29.- This positive bias tends to de-
crease the magnitude of the ecollector ‘charsc-
teristic peak voltage and it may be adjusted so
that the peak appears as curve E of Fig. 4. If a
posmve ‘trigger pulseis now applied to the input
impedance terminals 32, 85 and isof such magni-
tude:as'to reduce the collector characteristic pedk '
voltage ‘sufficiently ‘that the ‘load line B, will in-
tersect ‘the collector characteristic ‘curve F, dt
onlyonie point-e the circuit will again be triggered,
and the :collector current will ;jump- instanta-
heously-from a reélativelylow to-a relatively high
magnitude as in the case ‘previously described.
It ‘is"possible to use a “P” type semi-conductive
block with -an “N” type inclusion in the same
manner ‘as' in the operation last described, ex-

- cept that-all polarities would be reversed.

“In‘Fig. b5 'there is' shown an ordinary transistor
comprising a ‘block 47 of “N” type semi-conduct-
ing mpterial and having emitter, collector, and
base:-€lectrodes 49,51, 53 associated therewith in
the conventional manner. -An input impedance
5% ‘having 'terminals ‘51, 59 is connected in series
Wwith a-source §4 of variable D. C. potential shown
as-a potentiometer 63 in shunt with a battery 65
between the emifter -and base electrodes 49, 53.
An:putput impedance 67 having terminals 69, T1
is connected in series with a source 13 of variable
D. C. potential shown as a battery 15 in shunt
with: 2 ‘potentiometer 17 hetween the collector
and hase electrodes 61, 53. 'To operate ‘the ar-

- rangement shown ‘in ‘Fig. 5 ds a trigger circuit,
the ‘'cgllector electrode 51 'is biased negatively to
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a predetermined value, Ecs, as indicated on the
graph of Fig. 6. A load line, H, has been drawn
in Fig. 6, assuming an output impedance of X
ohms, and a collector bias of Ecs. Another load
line K, has been drawn for a collector bias of Ecs
and an output impedance of X chms. The emit-
ter. bias is then made sufficiently positive to
cause the collector characteristic peak voltage
curve, L, to intersect the load line, H, at at least
three points i, k, n, Fig. 6. The circuit can then
be triggered by the application of a positive pulse
to the input impedance terminals, 57, 59 of suffi-
cient magnitude to reduce the collector charac-
teristic peak voltage sufficiently that it corre-
sponds to-curve, M, which is intersected by -the
load line, L, at only one point N. The collector
current will then jump substantially instantane-
ously from its operating point of relatively low
cellector current magnitude i to an operating
point 7 of relatively high collector current mag-
nitude. - The circuit.can be reset, after the initial
emitter bias has been restored, by reducing the
collector voltage sufficiently that the load line, K,
intersects the collector characteristic curve, L, at
only one point m. If a D. C. collector potential
is ‘used, the circuit may be reset by a capacitor
18-resistor 79 arrangement as shown in Fig. 5.
The resistance 79 is inserted between thé base
electrode 53 and the positive terminal of the col=~
lector potential source 13 and the capacitor 16
is shunted across the resistance 79 and the poten-
tial source 13. Such a circuit may be operated
as a relaxation oscillator. -An alternating cur-
rent collector potential could also be used but is
‘not preferred, because the forward resistance-is
sufficiently low to cause power dissipation of
undesirable magnitude on the positive half-cycles
of the A. C. rcollector potential ‘supply. The
ordinary transistor action just described-may be
adapted for use, in accordance with my inven-
tion, as any conventional type trigger circuit, as
a relaxation oscillator, or a pulse generator. If
it is desired, a “P” type crystal may be used with
the same results, except that the polarities wil
be reversed. ) . -
In accordance with another aspect of my
invention, it is not necessary to. apply an external
trigger pulse to the input. impedance in  the
arrangements hereinbefore discussed with refer-
ence to Figs..83 and 5.. It has been stated above
that the value of the collector peak voltage of a
photo-peak diode is affected by the number of
current carriers present: in the vicinity of the
probe contact. - Since temperature is one of the
quantities which affects the number of current
carriers present, it is clear that if the collector
voltage were set at a predetermined value and
the temperature slowly raised until the voltage
of the peak dropped helow this value, the collec-
tor current would be suddenly increased. How-=
ever, individual semi-conductive crystals vary
eonsiderably in their temperature response, and
most of these have a sufficiently high threshold
of the temperature effect that their use directly
as: temperature trigger deviees would be very
limited. -However, the resistance in the back
direction of an “N” type semi-conductor diode is
an inverse function of temperature, for tempera-
tures belows the intrinsic range of the semi-con-
ductor. 'Therefore, for example, g eircuit ar-
ranged, such as shown in Fig. 3 may be used as
a thermally triggered relay device. . One way of

deing this, is with the collector bias set to Eer,
Fig. 4,to adjust the collector probe pressure and
location so that the collector characteristic peak
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is initially made to disappear. 'Then the emitter
bias is adjusted negative sufficiently to bring the
collector characteristic peak voltage up to the
magnitude corresponding to curve E, Now if the

- temperature of the semi-conductor in the vicin-

ity of the emitter probe is lowered slightly, so
that the resistance 'in the emitter: circuit is
increased to decrease the emitter current, and in
effect, decrease the negative emitter bias suffi-
ciently to cause the collector characteristic peak
voltage to be reduced to correspond to curve F;
Fig. 4, the device will trigger. With the condi-
tions as just described except that the negative
emitter- bias is increased sufficiently that the
maximum collector characteristic peak voltage is
exceeded and the peak decreased with increasing
bias to correspond to curve E, Fig. 4, the device
will trigger when the temperature in the emitter
probe vicinity is raised sufficiently to cause, in
effect, increased negative emitter bias to bring
the collector characteristic to correspond  to
curve F. Also, if the emitter is biased negatively
so that the maximum collector characteristic
peak voltage appears (curve G, Fig. 4) and the
collector voltage is set so that a load line, R, will
intersect the collector characteristic peak at
points s and ¢, just below the peak voltage, then
the device will be triggered by either an increase
or a decrease in the temperature of the emitter
probe contact region. Further, if the collector
probe pressure and location is initially adjusted
so that a peak appears in the collector charac-
teristic, and the emitter bias is then adjusted
positive so the peak is reduced to correspond to
curve E of Fig. 4, then a rise in either the emitter
or collector probe temperature will further lower
the peak to correspond to curve F, of Fig. 4, and
will cause the device to be triggered.: In the
three cases described immiediately above, a “P”
type semi-conductive block having an “N” type
inclusion could also be used, but the polarities
would be reversed. :

An ordinary semi-conductive diode, instead of
a photo-peak diode, can also be used to make a
thermally triggered device. The various methods

~in which this could be done are believed to be
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apparent from the foregoing description.

It is noted that thermostatic devices which
conventionally employ such temperature re-
sponsive elements’ as bimetallic strips, mercury
contacts, or gas pressure, perform their ultimate
function by closing a physical electrical centact.
These contacts invariably at some stage cause
trouble. On the other hand, a thermally trig-

-gered relay device constructed in accordance with

the teachings of my invention, will provide a dis-
crete current step without making a physical
electrical contact. - T

I wish to point out, for reasons of clarity, that
in all cases hereinbefore described, in order to
establish an initial operating point of low cur-
rent magnitude, it is necessary that tha collector
diode characteristic upon which it is desired to
operate be first obtained, by adjustment of emit-~
ter bias, or otherwise, as-the case may be, before
the collector bias voltage is applied.

I am aware that many modifications of the em-
bodiments shown and described “are possible
without departing from the scope of my inven=
tion, I desire, therefore, to be limited only as is
necessitated by the prior art and the spirit of
the appended claims. '

I claim as my invention: 8 e

1."A relay device, comprising: a block of “N”
type semi-conductive material having a small “pP”
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type inclusmn on one face thereof an emitter
mclus,xo.n, a. collector. electrode pl_acgd. on .s‘a,ld in-
clusion, a,base electrode placed on the opposite
face of said block, an input cireuit comprising
an_input- impedance connected in series with a
source of adjustable negative D. C. bias potential
between said emitter and base electrodes, and an
output impedance connected in series with a posi-
tive' D. ‘C._bias potential between said collector
and base electrodes.

2. A relay device, comprising a block of “N”
type semi-conductive material having a small “P”
type inclusion on one face thereof, an emitter
probe placed on said block, near said inclusion,
a collector probe placed on said inclusion, a base
electrode placed on the opposite face of said
block, means for biasing said collector-probe posi-
tive with.respect, to:said base electrode, the diode
volt-ampere. chiaracteristic of said collector being
of the photo~peak type, the location and pressure
of :said.collector electrode with respect to said in-
clusion being such that the photo-peak of said
collector-characteristic is removed, and means for
applying bias. to make said emitter electrode
negative with respect fo said’ base .electrode,
whereby. the peak of said collector charagteristic
is. caused to.reappear.

3. A relay. device, comprising. a block of “N”
type:.semi-conductive material having -a .small
“p»type inclusion on one face thereof, an emitter
probe placed on said block, near said inclusion, a
collecter probe placed on said inclusion, a base
electrode placed:on the apposite face of said block,
means. for ‘biasing said-collector probe positive
with respect to. said base electrode, the diode
characteristic of said collector being of the photo-
peak type, the location and pressure of said col-
lector electrode with respect. to said inclusion
being such that the photo-peak of said collector
charaecteristic.is removed, and means for applying
bias:-to make said emitter electrode negative with
respect: to.said base electrode; whereby, the peaks
of .said-collector characteristic. re-appear and as -
said lagt=mentioned bias is made still more nega-
tive, said eollector characteristic reaches a maxi-
mum peak, and as said negative biasis further in-
creased; said collector:characteristic recedes: from:
the maximum peak magnitude.

4.-ITn combination, a block of “N” type semi-
conduetive material having a small “P” type in-
clusion on- one: face thereof, a collector probe
placed in.contact:with said inclusion, a base elec-
trodedn.centact with another face of said block,
means . for biasing said collector probe positive
with respect to.said base electrode, the location
and contact:pressure of said collector probe being
adjusted s6 that no voltage peak appears. in-the
collector: .characteristic, .means for controlling
said: collector. characteristic to. .produce voltage
peaks .therein, said means including an emitter
electrode’ placed on.said:block near said inclusion:
and a bias: source which may be applied to bias
said emitter electrode negative with respect to
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said-base electrode to.a selectable degree. 65

5.7A relay device, comprising: a collector probe
in contact with a small “P” type inclusion in &
block of “N”. type semi-conductive material hav-
ing a base -electrode which is biased negatively
with respect-to said- collector €lectrode, the pres-
sure -and lecation -of said collector probe having
been- adjustéd so--that-no peak appears in the
collector -characteristie, a load: 1mpedance in.cir-
cuit w1th ‘said -collector probe an emitter elec-
trode in contact with said block near said inclu-

10
hi

after reduce sa1d collectpx: el re 3
sufficiently to cause a ret O sald ogeratmg
point of -relatively low. collector current.

7. A relay device, comprising a block 'oi “N”
type ‘semi-conductive material, a_small ‘P y
inclusion on: one face. of :said. block, -a. collecj;m'
electrode in contact with said inclusion, g base
electrode in contact -with the opposite: face of said
block, the location and contact, pressure of -said
collector -electrode heing adjusted.such that:.ne.
peak appears in: the diode characteristic .of said.
collector electrode ‘an emitter electro‘de in con-

sa_ld_ mclusmn a sour.ce of B. €. poten,t,l_al for
biasing -said- emitter -electrode ‘negatively with:
respect to.said base electrode, a load impedance
in circuit: with said collector electrode, meansfox:
biasing said collector electrode positively withire=.
spect - to. said ‘base. electrode, whereby -an:opers.
ating point of relatively low load impedance cur=
rent is established on said collector characteristie,
an input. impedance ‘in circuit with said emitter
electrode, means for applying .a. momentary po-.
tential to. said input impedance in: g sense, de~
pending upon: the magnitude :of emitter negative.
bias, such: that the load impedance current:. will
substantially ‘instantaneously rise to a.relatively:
high magnitude; and means. for reducing ;said:
collector :positive bias sufficiently to return said
load rrnpedance current: o, a, relatlvely low: mag-=:
nitude.’ .

8 A.relay-:demqe, comprising a block of “B*
type semi-conductive material having a smiall “N*
type-incliision, on: one face thereof, an emitter
probe placed on, said block, near said inclusion, a
collector probe: placed. on -said inclusion, a base
electrode placed on the opposite face of said
bloek,: means. for: biasing -said. collector probe:
negative with respect to.said base: eleetrode, the
diode characteristic of said collector being of the
photo-peak “type, the location and, pressu
said: collector: electrode. with respe
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éollector characteristic is removed, and means for
applying bias to make said emitter electrode posi-
tive with respect to said base electrode, whereby
the peak of said collector- chara,cterlstm is caused
to Te-appear. - - - e

9. In combination, a block: of “P” type semi-
conductive material having a small “N” type in-
clusion on one face thereof, a collector probe
placed in contact with said mclusmn, a base elec-
trode in contact with another face of said block,
means--for biasing -said collector probe negative
with respect to said base electrode, the location
and contact pressure of said collector probe being
adjusted so that no voltage peak appears in the
collector characteristic, means for controlling
said: collector- characteristic to produce voltage
. peaks-therein, said means including an emitter
electrode placed on-said-block near said-inclusion
and g bias source-which: may be applied to bias
said emitter electrode positive with respect to said
base electrode to a selectable degree.

=10, A relay device, comprising a block of “p”
type semi-conductive material, a small “N” type
inclusion on one face of said-block, a collector
electrode in contact with said inclusion, a base
electrode on the -oppesite face of said block, said
collector electrode being adjusted in location and
contact pressure such that no peaks -appear in
the collector characteristic, an emitter electrode
located on “P” type material near said inclusion,
‘means for biasing said emitter electrode positive
with respect to said base electrode, said emitter
bias being so adjusted that a peak appears in the
collector -characteristic, means for biasing said
collector electrode negative with respeect to said
base electrode to establish an operating point on
said collector characteristic of relatively low col-
lector current, and means for momentarily re-
ducing said emitter bias to cause a substantially
instantaneous jump to an operating point of rela-
tively high collector current, and means to there-
after -reduce said collector electrode negative bias
sufficiently to cause a return to said operating
point of relatively low collector current.
~.11, A relay device, comprising ‘a block- of “P”
type -semi-conductive material, a small “N” type
inclusion on one face of said block, a collector
electrode in contact with said inclusion, a.base
electrode in contact .with: the opposite face of
said. block, the location and contact pressure of
said collector electrode being adjusted such that
no peak -appears in the diode.characteristic of
said collector electrode, an emitter electrode in
contact with “P” type material on said block
near said. inclusion, a source of D. C. potential
for biasing said emitter electrode positively with
respect to said base electrode, a load impedance
in circuit with said collector electrode, means for
biasing said emitter electrode negatively with .re-~
spect to said base electrode, whereby an operat-
ing point of relatively low load impedance cur-
rent is. established on said- collector character-
istic, an input impedance in circuit with said
emitter electrode, means for applying a momen-
tary potential to said input impedance in a sense,
depending upon the magnitude of emitter posi-
tive bias, such that the load impedance current
will substantially instantaneously rise to a rel-
atively high magnitude, and means for reducing
said collector negative bias sufficiently to return
said load impedance current to a relatively low
magmtude

-12. In combination, a block of “N” type semi-~
conductive material having a small “P” type in-
clusion on one face thereof, a collector probe
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placed in contact with said inclusion, & Base
electrode in contact with another face of said
block, means for biasing said collector probe pos-
itive with respect to said base electrode, the loca=
tion and contact pressure of said collector probe
being adjusted so that a voltage peak appears
in the collector characteristic, means for con-
trolling . said collector characteristic to remove
voltage peaks therein, said means including an
emitter electrode placed on said block near said
inclusion, and a bias source which may be ap-
plied to bias said emitier electrode positive with
respect to said base electrode to a selectable
degree.

13. A relay devme comprlsmg a block of “N”
type semi-conductive material, a small “P” type
inclusion on one face of said block, a collector
electrode in contact with said inclusion, a base
electrode on the opposite face ¢f said block, said
collector electrode being adjusted in location and
contact pressure such that peaks appear in the
collector characteristic, an emitter electrode lo-
cated on “N” type material near said inclusion,
means for biasing said collector electrode positive
with  respect to said base. electrode, means. for
biasing said emitter electrode positive with re-
spect to said base electrode, said emitter bias
being so adjusted that a peak in-the collector
characteristic establishes an operating point of
relatively low collector .current, and means for
momentarily increasing said emitter bias so cause
a’ substantially instantaneous jump to-an oper-
ating point of relatively high collector current,
and means to thereafter reduce said collector
electrode positive bias sufficiently to cause a re-
turn to said operating point of relatively low
collector current.

14. A relay device, compnsm.g a block of “N”

. type semi-conductive material, a small “P” type

inelusion on one face of said block, a collector
electrode in contact with said inclusion, a base
electrode ‘in contact with the opposite face of
said bloek, the location and contact pressure of
said- collector electrode being adjusted such
that -a peak appears in dicde characteristic of
said collector electrode, an emitter electrode in
contact with “N” type material on said block near
said ineclusion, a -source of D. C. potential for
biasing said emitter electrode. positively with re-
spect'to said base electrode, g load impedance in
circuit with said collector electrode, means for
biasing said collector electrode positive with re-
spect to said base electrode, whereby an operat-
ing point of relatively low load impedance cur-
rent- is established on said . collector character-
istic,” an -input impedance in circuit with said
emitter electrode, means for applying a momen-
tary positive potential to said input impedance,
to cause said load impedance current to rise sub=
stantially instantaneously to:a relatively high
magnitude, and means for. thereafter reducing
said collector positive bias sufficiently to return
said load impedance. current to a relatively low
magnitude.

15. In combmatmn a block of “P” type semi-
conductive material having a small “N” type in-
clusion on-one face thetreof, a collector probe
placed in contact with said inclusion, a base elec~
trode in contaet with another face of said block,
means for biasing said collector probe positive
with respect to said base electrode, the location
and contact pressure of said collector probe being
adjusted so that a voltage peak appears in the
collector characteristic, means for controlling
said collector characteristic to remove voltage
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péaks thefein, said means including an emitter
. eleétrode placed on said block near said inclusion
anhd & bias sourée which may be applied to bias
said ernitter eléctrode negative with respect to
sa,ld base electrode. to-a.selectable degree.

"16. A relay device, comprising a. block of: “p”
type semi-coriductive material, 5 small “N’’ type
ificlusion on one face of said block, & eollector
electrode. in contact with said inclusion, a base
electrode on the opposite face of said block, said
collector electrode being.adjusted.in.location and
éontact pressiire such. that peaks appear in.the
ecollector characteristic, an emitter electrode lo-
cated on “P” type material near said:inclusion,
means for biasing said collector electrode nega-=
tive with respect to said base electrode, means for
Dbiasing said emitter electrode negative: with: re-
spect to-said base electrode, said emitter bias be-
ing so adjusted that-a peak in the collector char-
acteristic establishes an operating point of rela-
tively low collector current, and means for mo-
mentarily increasing in said emitter bias to cause
& stibstantially instantaneous jump to an operat-
ing:point of relatively high collector current, and
means to thereafter reduce said collector eiec-
trode negative bids sufficiently to cause a return
tosaid operatmg point of relatively low collector
clirrent.

17. A telay dev1ce, compnsmg a ‘block of “P”
type sem1 conductlve materlal a small <1 type
electrode in contact with sald 1nclus10n a base
electiode in contaet with the opposite-face of said
block, the location.and contact pressure of said
.collector electrode -being adjusted such  that a
peak appéars-in the dicde charactéristic of said
¢ollector -electfode, an emitter electrode in con-
tact with “P” type material on said block near
‘$ai@ inclusion, a- source of D. C. potential for
biasing said emitter electrode negatively with re-
speet-to said base électrode, a load impedance in
cireuit with -said collector electrode, means for
biasing said collector electrode hnegative with te-
§pect to -§aid base electrode, whereby an operat-

" ifig point. of relatively low load impedance cur-
rent is estaplished on said ¢ollector ‘characteris-
tic, and input impedance in circuit with said
emitter eléctrode, means for applying a momen-
tary nega,tlve potential to said input impedance,
to cause said load: impedance ‘current to rise
substantially instantaneous to a relatively high
magmtude -and: means for thereafter reducing
said collector -negative bias sufficiently to return
said .load impedance curréent to ‘a relatively low
maghitude.

18. ‘A thermostatic deviece, comprising a block
of “N” type semi-conductive material, a small
“p» type inclusion oh one face of ‘said block, a
evllector electrode in contact with said inclusion,
a base -electrode on the opposite face of said
bloek, said collector electrode -being initially ad-
justed:in location and contact pressure such that
1o -peak appears in the diode characteristic .of
said collector electrode, -an -emitter electrode
Toeated on “N” type material-near said inelusion,
neans for biasing said emitter electrode nega~-
Hive With respect to saidl base electrode, said

" elnitter biag being so adjusted that'a peak ap-
Deats in-said eollector charactéristic, -mieans for
piagihg €aid -eollector electrode pesitively to a
predeterinined magnitude with respect to said
bage eélectrode; said eollector characteristic peak
Voltage being of such magnitude that a load line
will intersect’ sdid -characteristic -at points just
pelow: said- peak voltage magnitude to-establish
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a1l 6peratinig Point of relatively low ¢oHector: ¢itr=
rent, whereby a small increase of ambient fem-
perature will lower. the voltage of said peak to
a.magnitude less than saicd collector bias, and an
operating point of relatively high collector cur-
rent will be . substantlally instantaneously. es=
tablished.

19. A thermostatlc device, compnsmg a.block
of “N” type semi-¢onductive material, a small
“P” type inclusion on.one face of said block, a
eollector electrode in: ¢entact with said inclusion,

- g base electrode on: the opposite face of :said
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block; said collector electrode being initially ad-
justed in location and contact. pressure such that
no peak appears in the diode characteristic of
said collector electrode, an emitter electrode lo-
cated on “N” type material near said inclusion,
means for biasing said emitter electrode negative
with respect to said base electrode, said emitter
bias being so adjusted that the peak which is
caused by said. emitter bias, to: appear in: said
collector - characteristic. has passed through a
maximum and decreases in. magnitude with in-
creased emitter bias, means for biasing -said col-
Jector electrode positively to .a predetermined
magnitude with respeect to said hase -electrode,
said base being only slightly greater .inh magni-
tude than the voltage hetween said collector and
base -electrodes, to establish. an operating point
of relatively low. collector current; whereby: a
smaill increase of ambient temperature will lower
the voltage of said peak to a magnitudé-less than
the voltage between said .collector and base-elec-
trodes, and an operating point of relatively-high

coHector current will be substantially ihstan-

taneously established.

20. A thermostatic device, comprising a block
of “N” type- semi-conductive material, a. small
“P’ type inclusion on one face of said block, a
collector electrode in contact with:said inclusion,
a base electrode.in contact with the opposite face
of said bloek, the location and coritact pressure
of said collector electrode being initially so ad-
justed that no peak appears in its diode"volt-
ampere "characteristic, an emitter electrode in
contact with “N”’ type material on said block near
said inclusion, means for biasing said. emitter
electrode negatively with respect to said base
electrode, a load impedance in ecircuit with said
collector -electrode, said emitter hegative bias

‘being adjusted such that the collector charac-

teristic peak is of maximum magnitude, means
for biasing said collector electrode to -a positive
magnitude with respect to said base electrode
such that the load line will intersect said col-

lector characteristic at points just below said
maximum peak magnitude to establish an op-

erating point of relatively low load impedance
current, whereby a slight change .in emitter
probe contact -temperature in either sense, will
cause said: collector characteristic peak to be
reduced to a magnitude such that the load line
will intersect said collector characteristic at only
one point, whereby an operating point of rela-
tively high load impedance current is substan-
tially instantaneously established.

21, A thermostatic device, comprising a. block
of: “P” type  semi-conductive :material, a small
“N” type inclusion on one face:of said block; a

collector electrode in contact with said inclu-

sion, a. base electrode on the opposite face of

said block, said ‘collector electrode being: initially
adjusted in loeation and contact pressure sueh
that no: peaks -appear in its diode volt-ampere
characteristic, an emitter electrode- located on




2,604,498

15

«pr type material near said inclusion, means for
biasing said emitter electrode positive with re-
spect to said base electrode, said emiitter bias
being so adjusted that a peak appears in said
collector characteristic, means for biasing said
collector electrode negatively to a predetermined
magnitude with respect to said base electrode,
said collector characteristic peak voltage being
of such magnitude that the load line will inter-

sect said collector characteristic at points just 16

below said peak magnitude to establish an op-
erating point of relatively low collector current,
whereby a small increase of ambient tempera-
ture will lower the voltage of said peak to a
magnitude less than said collector bias, and an
operating peint of relatively high collector cur-
rent will be substantially instantaneously estab-
lished.

22. A thermostatic device, comprising a block
of “N” type semi-conductive material, a small
“P” type inclusion on one face of said block, a
collector electrode in contact with said inclusion,
a base electrode on the opposite face of said
block, means. for biasing said collector electrode
positively to a predetermined magnitude with
respect.to said base electrode, said collector elec-
trode. being initially adjusted in location and

contact pressure such that a peak appears in.

its diode volt-ampere characteristic, an emitter
electrode located on “N” type material near said

inclusion, means for biasing said emitter elec~

trode positively with respect to said base elec-
trode, said emitter bias being so adjusted that
the collector peak is of a magnitude such. that
a load line will intersect said collector charac-
teristic at points just below said peak magnitude
to establish an operating point of relatively low
collector - current, whereby a slight increase in
ambient temperature will lower said: peak to a
magnitude such that the load line will intersect
said characteristic ‘at only one point, and an
operating point of relatively high collector -cur-
rent will be substantially instantaneously estab-
lished.

23. A relay device, comprising a block of “N” .

type semi-conductive material having emitter
and collector probes located in proximity on one
face thereof and a base electrode in contact with
the opposite face, a source of D. C. bias in cir-

cuit with said emitter probe, said emitter bias _

being adiusted positive with respect to said base
electrode and of magnitude so as to establish a
first collector peak voltage characteristic, said
collector bias being adjusted negative with re-
spect to said base electrode and of magnitude
such that a load line will intersect $aid collector
peak characteristic at three points, and means
for ‘increasing said emitter bias sufficiently to
establish a second collector peak characteristic
‘which is intersected by said load line at only one
point, whereby the collector current will jump
instantaneously to a comparatively large magni-
tude.

24. ‘A relay device, comprising a block of “N”
type semi-coductive material having emitter and
collector probes located in proximity on one face
thereof and a base electrode in contact with the
opposite face, a source of D. C. bias in circuit
with said emitter probe, said emitter bias being
adjusted positive with respect to said base elec~
trode and of magnitude so as to establish a first
collector peak voltage characteristic, said col-
lector bias being adjusted negative with respect
to said base electrode and of magnitude such that
the. load line will intersect-said collector peak
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characteristic . 4t three points, means for in-
créasing. said emitter bias sufficiently to estab-.
lish a second collector peak characteristic which
is intersected by said load line at only one point,
which is-of relatively high collector current mag-
nitude, whereby the collector current will jump

- instantaneously -to a comparatively-large magni-

tude,. means for restoring the original magni-
tude of emitter bias, means for thereafter reduc-
ing said collector bias sufficiently that the lcad
line is:moved tointersect the collector peak char-
acteristic at only one point, which is of relatively
low " collector current magnitude, . whereby: the

‘eollector current will be reduced to the- initial

magnitude.

25. A relay device, comprising a block of w“pn
type semi-conductive material having emitter and
coliector probes located in proximity on one face
thereof and a base electrode in contact with the
opposite face, a source of D. C. bias in circuit
with said emitter probe, said emitter bias being
adjusted negative with respect to said base elec~
trode and of magnitude so as to establish a first
collector peak voltage characteristic, said col-
lector bias being adjusted positive with respect
to said base electrode and of magnitude such that
the load line will infersect said collector peak
characteristic at three points, and means for in-
creasing said emitter bias sufficiently to estab-
lish a second collector peak-characteristic which
is intersected by said load line at- cnly one point,
whereby the collector current will jump instan-
taneously to a comparatively large magnitude.

26. A relay device, comprising a block of “B”
typesemi-conductive material having emitter and
collector probes located in proximity on one face
thereof and a base electrode in contact with the
opposite -face, a source of D. C. bias in circuit
with said emitfer probe; said emitter bias being

adjusted negative with respect to said base elec-

trode and of magnitude so-as to establish a first
collector peak voltage characteristie, said  col-
lector bias being adjusted positive with respect
to said base electrode and of magnitude such
that the load line will intersect said collector
peak characteristic at at least one point, means
for increasing said emitter bias sufficiently to
establish a second collector peak characteristic
which is not intersected by said load line, where-
by the collector current will jump instantaneously
to a comparatively large magnitude, means for
restoring the orginal magnitude of -emitter bias,
means for thereafter reducing said collector bias
sufficiently that the load line intersects the col-
lector peak characteristic at only one point, which
is not. a tangent, whereby the collector current
will be reduced to the initial magintude.

27. A thermostatic device, comprising a body
of “N” type semi-conductive material containing
an inclusion of “P” type semi-conductive material
partially exposed on the external surface of said
body, an emitter electrode placed on the “N”
type material near said inclusion, a collector
electrode placed on said inclusion, a base elec-
trode placed on said “N” type materlal and
spaced from said emitter electrode, said collector
electrode being initially adjusted in location and
contact pressure such that no peak appears in -

the diode characteristic of said collector electrode,

means for biasing said emitter electrode nega-
tive with respect to said base electrode, said
emitter electrode being so adjusted that a peak
appears in said collector characteristic, means
for biasing said collector electrode posmvely to
a predetermined magnitude with respect to said
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base : electrode, -said :peak being only slightly
greater 'in magnitude -than the voltage between
said .collector and base-electrode, to establish an
operating point of relatively .low collector .cur-
rent, whereby .a small decrease of temperature in
the vicinity of the emitter electrode will lower-the
voltage of said peak to.a magnitude. less.than the
voltage between the coliector and base.electrode,
and an operating point.of relatively high collec-
tor current will be substantially instantaneously
-established.

28.. A relay .device, comprising a body of “N”
type semi-conductive material containing an in-
clusion.of “P” type semi-conductive material par-
tially -.exposed .on the external .surface of .said
body, and emitter electrode placed .on.the “N”
type .material .near said-inclusion, a .collector
electrode placed on said inclusion, a base elec-
trode placed on .said “N” {ype material and
.spaced from said emitter electrode, an input.cir-
-cuit comprising .means for .applying an adjust-
-able negative D. C..current bias through the emit-
ter electrode and means for applying a signal to
said emitter electrode, and an output impedance
connected in series with a positive D. C. bias po-
tential between said collector and base electrodes.

29. A relay device, comprising a body of “N”
type semi-conductive material containing an. in-
clusion of “P” -type semi-conductive -material
. partially exposed on the external surface of said
body, a collector electrode in contact with said
inclusion, a base electrode placed on the “N”’ type
material, said collector-electrode being adjusted
in location and contact pressure such that no
.peaks appear in the collector characteristic, an
emitter electrode in contact with the “N” type
.material on-said body near said inclusion, means
for biasing said emitter electrode negatively with
-respect to -said base electrode, .said emitter bias
-being . so -adjusted -that a peak appears in said
-collector characteristic, a.load impedance. in cir-
cuit with said collector electrode, means for bias-
.ing said .collector electrode positively with re-
-spect to said base electrode, said peak being only
slightly ' greater .in ‘magnitude than the voltage
-between said collector and base electrodes to es-
-tablish -an operating point of relatively low load
impedance current on .said collector character-
istic, and means for rendering said emitter .elec~
‘trode less.negative with respect to said base elec-
-trode ‘whereby -the .load impedance .current -will
JJump-substantially instantaneously to a relatively
rhigh magnitude.

30.“A relay-device, comprising a body .of “P”
type -semi-conductive material .containing - an in-
.clusion of “N” type - semi-conductive material
-partially exposed -on the external surface of-said
body, a collector electrode in contact with:said
-inclusion, a base electrode placed on the “P” type
-material, -said .collector - electrode  being so-ad-
Justed .in location :and .contact pressure:so that
.no peaks .appear in .the collector.characteristic,
an emitter electrode in contact with “P” type
material on said body near.said inclusion, means
for biasing said emitter electrode positively with
‘respect to said-base electrode, said -emitter bias
being so adjusted that a peak appears in said
.collector characteristic, a load impedance in cir-
-euit with said eollector electrode, means for bias-
-ing - said  collector electrode negatively with .re-

_spect to said base electrode, said peak.being only
slightly -greater in magnitude than the voltage
"between-said collector and base electrodes to es-
tablish an- operating point.of relatively. low load
impedance -current .on-said.collector. character-
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istic, and means for rendering said emitter elec~
trode less positive with respect to said base elec-
trode, whereby the load impedance current will
jump  substantially 1nstantaneously to a rela-
tively high magnitude.

31. A relay device, comprising a body of “N”
type seml-conductwe material containing an in-
clusion of “P” type semi-conductive .material
partially exposed on the external surface of said
body, a .collector electrode in.contact with -said
inclusion,-a base .electrode placed on the “N”.type
material, said collector electrode: being adjusted
in location and contact pressure.such that.no
peaks. appear in the collector characteristic,-an
emitter electrode in contact with “N” type ma-
terial .on said body near said inclusion, means
for .biasing said -emitter electrode negatlvely with
respect to said base electrode, said .emitter- blas
being.so adjusted that the pea.k which. is caused
by :said -emitter bias, to appear in. said.collector
characteristic has passed through -a maximum
.and decreases in magnitude with increased emit-
ter bias, a load impedance in cirecuit with. said
.collector -electrode, means for biasing said.collec~
tor electrode positively to a predetermined magni-
tude with respect to said base electrode, said peak
being -only .slightly . greater in magnitude than
the-voltage between said collector and base elec-
trodes, -to -establish an operating point .of rela-
tively low -load impedance current .on sald .col-
lector .characteristic, .and means for rendermg;
sald.emitter electrode still more negative .with
respect -to said base: electrode whereby the.load
impedanece current will jump- substantially in-
stantaneously to.a relatively high magnitude. -

32. A relay device, comprising a hody-of “P”
type-semi-conductive material containing an-in-
clusion of “N”. type :semi-conductive -material
partially exposed on-the external surface of said
body, -a -collector electrode in contact with -said
inclusion; a base electrode placed on the pr
type. materlal said collector electrode bemg ad=~
Justed-in leeation -and contact pressure such that
no peaks- appear in the collector characteristic,
an emitter -electrode in contact with “P” -type
material on:said body near said inclusion, means
for biasing said emitter electrode positively -with
respect .to said.base electrode, said emitter bias
being so-adjusted that the. peak which is caused
by .said- emitter bias, to appear in said.- collector
characteristic has passed through .a maximum
and decreases in.magnitude with increased emit-
ter -bias, :a load impedance in. circuit with said
collector -electrode, means for biasing said.col-
lector .electrode negatively .with .respect.to, said
base :electrode, .said peak .being . only shghtly
greater in magnitude .than -the voltage-between
said. collector.and base electrodes. to. establish.an
operating point -of relatively low load .impedance
current .on .said .collector characteristic, .and
means for rendering said .emitter .electrode .still
more. positive with respect to:said base; électrode,
whereby the load 1mpedance current will. jump
substantially instantaneously. to a relatively high
magnitude. -

’33. A relay device, comprlslng a’body . of"
type semi-conductive material contdining
clusion of “P” type semi-conductive material par-
tially exposed on the external surface of said.body,
a collector glectrode in contact with said inclu=
sion,.a base electrode placed on the “N” type ma-
terial, said.collector electrode. being adjusted in
Iocation and contact pressure such.that.a. peak
appears in-the. collector .¢haracteristic Lan emlt-
ter electrode m contact with “N” typ )
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on’ saxd body near sald inclusion, means for blas-
ing ‘said emitter electrode positively with respect
to said base electrode, a load impedance in cir-
“euit with said collector electrode, means for bias-
ing said. collector electrode positively with re-
spect to sald base electrode, whnreby an operat-
ing- pomt of relatively low load impedance cur-
rent. is ‘established on said collector character=-
Jistie, and means for rendering said emitter elec-

- trode still more positive with respect to said base
electrode whereby the load impedance current
‘will jump substantially instantaneously to a rel-
atively high magnitude. .

"34.°A relay device, comprising a body of “P”
type semi- conductwe material containing an in-
clusmn of “N’’ type semi-conductive material par-
tlally exposed on the external surface of said body,
& collector electrode in contact with' said inclu-
‘sion, a base electrode placed on the “P” fype ma-
terial, said collector electrode being adjusted in
'10(32.1310!1 -and contact pressure such that a peak
‘appears in the collector characteristic, an emitter
electrode in centact with “P” type material on
‘said -body near said inclusion, means for biasing
‘said emitter electrode negatively with respect to
said base electrode, a load impedance in -circuit
with said collector electrode, means for biasing
“said collector electrode negatively with respect to
'said base electrode, whereby an operating point
‘of relatwely low load impedance current is es-
tablished on said collector characteristic, and
means for rendering said emitter electrode still
-more negative with respect to'said base electrode,
whereby the load impedanceé current will jump
substantially mstantaneously to a relatively hlgh
magmtude
© 35, A relay dev1ce compnsing a body of “N”
type, semi-conductive material, a base electrode,
a collector electrode, and an emitter electrode, in
contact with said body, a source of D. C. bias in
‘circuit -with said emitter electrode, said emitter
‘bhias: bemg adjusted positive with respect to said
-base electrode and of magnitude so as to establish
a-first collector peak voltage characteristic, said
collector bias being adjusted negative with re-
spect to said base electrode and of magnitude
‘such that theé load line will intersect said collec-
tor peak characteristic at at least two points,
‘means for rendering said emitter electrode suffi-
ciently ‘more positive with respect to said-base
‘electrode to establish a second collector peak
characteristic which is intersected by said load
line at only one point, which is of relatively high
collector current magnitude, whereby the collec-
tor current will jump instantaneously to a com-~
paratively large magnitude, means for restoring
the ‘initial magnitude of emitter bias, means for
thereafter reducing said collector bias sufficient-
1y that the load line is moved to intersect the col-
lector peak characteristic at only one point, which
is’ of relatively low collector current magnitude,
‘whereby the collector current will be reduced to
the 1n1t1a1 magmtude

36. A relay device, comprising a body of “P”
type semi-conductive material, a base electrode,
a collector electrode, and an emitter electrode, in
contact with said body, a source of D. C. bias in
circuit with said emitter electrode, said emitter
bias being adjusted to render said emitter elec-
trode sufficiently negative with respect to said

base electrode as to establish a first collector.

peak voltage characteristic, a source of D. C. bias
in circuit with said collector electrode, said last
mentioned bias being adjusted to render said col-

lector electrode sufficiently positive. with respect
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to said base electrode that the load line will -in~
tersect the -collector peak characteristic. at ‘at
least two points, means for rendering said emit-
ter electrode sufficiently more negative with re-
spect to said base electrode as to establish a sec-
ond-collector peak characteristic which is inter-
sected by the load line at only one point; which
is of relatively high collector current magnitude,
whereby the collector current will jump instan-
taneously to a comparatively large magnitude,
means for restoring the original magnitude of
emitter bias, means for thereafter reducing said
collector bias sufﬁmently that the load line is

‘moved to.intersect the collector peak character-

istic at only one point, which is of relatively low
collector current magnitude, whereby the collec~
tor current will be reduced to the initial magni~
tude.

37. A thermostatic demce, comprlsmg a body of
“N” type semi-conductive material containing an
inclusion of “P” type semi-conductive material
partially exposed on the external surface of said
body, an emitier electrode placed on the “N” type
material near said inclusion, a collector electrode
placed on said inclusion, a base electrode placed
on said “N” type material and spaced from said
emitter electrode, said- collector -electrode being
initially adjusted in location and contact pres-
sure such that no peaks appear in the diode char-
acteristic of said collector electrode, means for
biasing said emitter electrode negative with re-
spect to said base electrode, said emitter bias being
so adjusted that the peak which is caused, by said
emitter bias, to appear in said collector charac-
teristic has passed through a maximum and de-
creases in magnitude with increased emitter-bias,
means for biasing said collector electrode posi-
tively to a prndetermmed magnitude with re-
spect to said base electrode, said peak being only
slightly greater in magnitude than the veltage
hetween said collector and base electrodes, to

‘establish an operating point of relatively low col-

lector current, whereby a small increase of am-
bient temperature will lIower the voltage of said

5 peak to a magnitude less than the voltage be-

tween said collector and base electrodes, and an
operating point of relatively high collector cur-
rent will be substantially instantaneously estab-
lished.

38. A thermostatic device, comprising a body of
“p” type semi-conductive material containing an
inclusion of “N” type semi-conductive material
partially exposed on the external surface of said
body, an emitter electrode placed cn the “P” type
material near said inclusion, a collector electrode
placed on said inclusion, a base electrode placed
on said “P” type material and spaced from said
emitter electrode, said collector electrode being
initially adjusted in Iccation and contact pres-
sure such that no peak appears in the diode char-
acteristic of ‘said collector- electrode, means for
biasing said emitter electrocde positive with re-
spect to said base electrode, said emitter bias
being so adjusted that the peak which is caused,
by said emitter bias, to appear in said collector
characteristic has passed through a maximum
and decreases in-magnitude with inereased emit~
ter bias, means for biasing said collector elec-
troede negatively to a predetermined magnitude
with respect to said base elecirode, said peak
being only slightly greater in magnitude than the
voltage between said collector and base electrodes,
to establish an operating point of relatively low
collector currént, whereby a small increase of
ambient temperature will' lower' the voltage of
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said speak ito -a ‘magnitude -less *than the ‘woltage
“pétween said -collector -and ‘base “€lectrodes, :and
sgn ~operating ‘point -of ‘reldtively +high :collector
scurrent * will "be ‘substantidlly ‘instantaneously
sestablished.

*89. A ‘thermostatic ‘device, ‘comprising va ‘body
:0f “N”’“type semi-conductive-materigl containing
‘g -nélasion -of P itype:semi-conductive ‘mazte-~
Fidl: paftially -exposed-on the ‘extermdl ssurface’ of
:safd body,~an emitter electrode placed-on’ the N
type msterial near:said:inclusion,a-collector elec-
“#trode placed on said inclusion,a ‘base sglectrode
‘placed-on:said “N” type material:and:spacedfrom
said -emibter zeleétrode, said -¢sllector electrode
“being “initially adjusted in’ location :and «contdet
pressure “such that no pesk -appears:in’ the diode
characteristic of said collector electrode, means
for biasing: said emitter ‘electrode negative *with
respect o -said “base ~électrode, ;said "emitter "bias
beéing “so adjusted “that “a peak appears :in zsaid
scollector ‘characteristic, smeans “for 'biasing “said
“eollector électrode positively “to a ‘predetermined
‘magriitude :with ‘respect ‘to 'said *base - electrode,
ssaid ‘pedk ‘being -only ~slightly sgreater in magni-
“uide thian ‘the voltage ‘bétween-said colleétor: and
base eleétrodes, ‘to ‘establish - an operating point
~of ‘relativély Jow -céllector eurrent, -whereby a
-small ‘increase of ambient temperature will lower
‘the-voltage-of saith ‘peakto-a.magnitude-less sthan
‘the wvoltage ‘between ‘the. eollector -and. base:elec-
‘trode, and 4n-opersting -point -of réldtively thigh
eolléctor ~current will''be “substaritially rinstan-
taneously established.

- 40. /A relay -device, ‘comprising a ‘body ‘ of P
type seml con‘ductlve matenal conta;min‘g /an ‘i‘n-

t,lally”expoced on the external surface of sald body,
san:emitter électrodesplaced-on the P/ type mate-
‘rialnearsaidiinclusionya colectorelectrode: place'd
‘on said inélusion, said eollector electiode “being
initiaglly adjusted inilocation amd:contact: pressure
such'thdt no pedkappearsin‘the: ‘diode character~
‘istic of  said: collector “électrode, ‘a base electrode
placed ‘on “said "“P” ‘“bype ‘mdterial -and spaced

‘from -said ‘emitter elegtrede, ‘means “for ‘biasing ;.

said-emitter-eleétrode positiveswith réspect tosaid

‘base-électrode, said :emitter'bias béing so-adjusted

that -2 pedk -appears “in “said: collector ‘¢haracter-
‘Istlc, means for Piasing ‘said ‘coleetor: negatwely
‘to a ‘predétermined *magnitude *with respect “to
“said base ‘electrode, 'sdid pesk being: only slightly
greater in ‘magnitude “than “the ~voltdge "betwéen

“said "collector and ‘base: electrodes, to-establishan.

‘operating -point of " rélatively “low -collector “cur-
Tent, ‘whereby “a ‘sméll increase ‘of ‘ambiert tem-
perature ‘will lower ‘the voltage of sdid pedk'to-a
“magnitude ‘less ‘than “the voltage between “said
‘collector--and ‘base “eleétrodes, and -an operating
‘point of ‘relativély high eollector current will “be
‘subistantially “instantancously ~-“estab'1i'she‘d.
41. A relay "device, comprising ‘a “body of “N”
‘type semi-conductive ‘materidl containirg an’in-
‘elusion ‘of “P” type “semi-conductive material
partially exposed on theexternal surface of. said

“body, " an emitter ele¢trode placed “on the “N” -

“type ‘material near - safd ‘inclusion, “a . collector
-electrode “placed -on -said ‘inclusion, -a ‘base “elec-
‘trode ‘placed ‘on ‘said “N” “type ‘mdteridl ‘and
“spaced “from said-emittervelectrode, the location
«and ‘contact pressureof ‘said-colle¢tor eleetrode
“being initidlly so adjusted ‘that o peak appedrs
in its sdiode -volt-ampere c¢haracteristic, “and

“means Tor ‘biasirg ‘said emitter-eleétrode nega-
tively with respect to:said base :electrode, a load
impedance-in circuit- with:said collector-electrode,
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22 :
-said ‘emitter :negative ‘bias being -adjusted such
that the collector characteristic peak isof:max~
imum ‘magnitude, :means .for ‘biasing : said - col-.
Jlector electrode. to a ‘positive ‘magnitude “with
respect: tossaid ‘base-electrodeisuch that the load

“Hime :will intersect said: collector-characteristic at

‘a-point just below:said-maximum: peak magnitude
“to--establish ;an ‘operating :point of ;relatively low
-Joad impedance:current, whereby:asslight chiange -
4in:the-emitter electrode contact temperature :in
-either sense, will :cause:said i;collector -.character-
isticpedk to :he reduced to ra .magnitude ‘such
#that “the ;load line will :intersect said :collector

~¢haractieristic at only -one mpoint, “whereby -an
15

operating ipoint “on “relatively *high load :imped-
sarcescurrent dsisubstantially: mstantaneously es~
tablished.

42, A 7relay -device, :comprising :a :body -of “P”

“typezsemi-conductive material :containing “anin-

¢lusion of "“N” stype :semi=conductive “material
-partially exposed ‘on’ the external surface of said
-‘hody, ‘an “emitter ‘electrode placed on the “P”
‘type “material -riear ‘said inclusion, a -collector
‘glectrode iplaced -on isaid. inclusion, -a "base “€lec~

“trode :placed jon :said “P” ‘type ‘material ‘and

-spaced. from’said emitter ielectrode, the location

~andcontact  pressure of said :icollector :electrode
-being-initially so adjusted that no peak appears

-in its diode :volt-amipere chargcteristic, means
for biasing said emitter electrode positively with
respeet to said ‘base-electrode, ‘a loadimpedance
‘in circuit with said collector €lectrode,:said emit-
‘ter ‘positive ‘bias ‘being -adjusted such that :the
.dollector ¢haracteristic:peak:is 6f-maximum mag-
nitude, means for biasing said céllector electrode
to ‘a ‘negative ‘magnitude “with -respect ‘to “said
“‘base ‘electrode “such ‘that ‘the ‘load <line “will “in-
‘tersect - said -collector -characteristic -at ‘a ‘point
just ‘below ‘the “maximum -‘peak magnitude to
establish “an - operating ‘point -of reldtivély low
‘lond impedance current, wheréby:a‘slight change
‘in emitter : electrode ‘contact ‘temperature ‘in
reither:sense, will cause said ‘collector ‘¢haracter-
“istic peak “to ‘be ‘reduced ‘to -a ‘magnitude ‘such
‘that “the load line will .intersect -said “collector
tharacteristic at only- ene ‘point, - wheréby an op-
‘erating ‘point ‘of - relatively ‘high lead -impedance
weurrent -is substantlaDy instantaneously -estab~
Jdiskhed.

43, A 'relay device, comprising -a bedy -of “N’
‘type:semi-conductive material ‘containingran in-
“clusion ~of "“P” “type ‘Semi-conductive “materisl
‘partially iexposed onthe:external surface ‘o said
“body, “an ‘emitter vélectrode *placed 'on “the “N"
“type smateridgl measr said inclusion, ‘a -evllector
‘glectrode 'placed -on said ‘inclusion, -a base ‘élec-
“trode :placed -on “said ““N” “type material -and
-spaced “Trom ‘said :emitter €lectrode, said collec~

“tor:eleé¢trode-being initially-adjusted in location

-and ‘eontact ‘pressure ‘such ‘that ‘a peak -appears
in its diode volt-ampere characteristic, -means
‘for hiasing:said collector electrode -positively to
2 predétermined: maghitude -with respect to-said
,base sélectrode, ‘means for ‘biasing said -emitter
‘electrode :positively “with ‘respect “to :said “base
electrode. said emitter:biasbeing soradjusted that
“the collector 'pedak is. of ‘a magnitude such that
:g load dine “will ‘intersect *said ‘collector «¢harac-
sberistic at-a point just bélow said peak:to es-
#ablish tan ‘eperating :point of ‘rélatively Jow col-
Jector “current, whereby:a slight increase‘in-am-
“Bient temperature will“lower:said-peak‘to'a mag-
‘nitude such that the load line will* mtersect said
seollector ‘characteristic at -only ‘one pomt sand
"gn ‘operating ‘point - of rélatively “high “colector
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‘current will be- substantlally 1*1stantaneously es-
- tablished.

- 44 A relay devme comprlsmg a body of “P”
type semi-conductive material containing an in-
clusion of ' “N” type- semi-conductive material
partially exposed on the external surface of said
body, an emitter electrode placed on the “P”
‘type material :near said inclusion, a collector
electrode placed on said - inclusion, a base elec-
trode. placed on said “P”- type: material and
spaced from said emitter electrode, said collec-
tor electrode:-being-initially adjusted in location
and contact pressure such that a peak-appears
in its diode volt-ampere characteristic, means

for biasing said collector electrode negatively to

a predetermined magnitude with respect to said
base electrode, means for biasing said emitter
electrode negatively with respect to said base
electrode, said emitter bias being so adjusted that
the .collector peak is of a magnitude such that
@ load line will intersect: the collector charac-
teristic at a point just below said peak to:es-
tablish an operating point of relatively low col-
lector current, whereby a slight rise in ambient
temperature will lower said peak to a masgnitude
such that the load line will intersect said col-
lector characteristic at only one point and an
operating point of relatively high collector cur-
-rent -will be substantially mstantaneously es-
tablished.:

45.- A relay dev1ce comprising a body of “N”
type semi-conductive -material containing an
-inclusion: of- “P” type semi-conductive material
partially exposed-on the.external surface of-said
body, a. collector electrode in contact with said
ineclusion, a- base electrode placed on the “N”
type material, said collector electrode being ad-
justed in location and contact pressure such that
1o peak appears-in the collector characteristic,
an emitter electrode in contact with “N”’ type ma-
-terial on said body near said inclusion, means for
hiasing said-emitter electrode negatively with re-
spect to said base electrode, a.load impedance in
circuit with said collector electrode, said emitter
negative bias being adjusted such that the col-
lector characteristic peak is of maximum magni~
tude, means for biasing said collector electrode to
- -positive magnitude with respect to said base
electrode such that the load line will intersect
said collector characteristic at a point just below

]
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said maximum peak magnitude to establish an .

operating point of relatively low load impedance
current, whereby a slight change in either sense,
in the voltage between the emitter electrode and
the :base electrode,” will cause said collector
characteristic peak to be reduced to a magnitude
such.that the load line will intersect said collector
characteristic at only one point, whereby an op-
erating point of relatively high load impedance
current is substantlally mstantaneously estab-
lished.

46, A relay devwe, comprising a body of “P”
type semi-conductive material containing an in-
clusion of “N” type semi-conductive material
partially exposed on the external surface of said
bkody, a collector electrode-in contact with said
‘inclusion, a base electrode placed on the “P” type
.material, said collector electrode being adjusted
in location and contact pressure such that no
peak appears in the collector characteristie, an
-emitter electrode in contact with “P” type ma-
terial on said body near said inclusion, means for
biasing said emitter electrode positively with re-
spect to said base electrode, a load impedance in
circuit with said collector electrode, said emitter
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positive bias being adjusted such that the col-
lector characteristic peak-is of maximum magni-
tude, means for biasing said collector electrode to
a negative magnitude with respect to said base
electrode such that the load line will intersect
said collector characteristic at a point just below
said maximum peak magnitude to establish an
operating point-of relatively low-load impedance
current, whereby a slight change in either sense,
in the voltage between the emitter electrode and
the base electrode, will cause . said : collector
characteristic peak to be reduced in magnitude

-such that the load line will intersect said:col-

lector characteristic at only one point, whereby

-an operating point of-relatively high load-im-

pedance current is substanulally mstantaneously
established.

47. A relay device, comprlsu"g a body of N”
type semi-conductive material containing an in-
clusion. of “P” type semi-conductive material
partially exposed on the external surface of said
body, an emitter electrode placed.on the “N’’ type
material near said inclusion, a collector electrode
placed on said inclusion, a-base electrode placed
on said “N” type material and spaced.from said
emitter electrode, said -collector electrode being
initially adjusted in location and countact pressure
such that a peak appears in its diode volt-ampere
characteristic, means for ‘biasing said collector
electrode positively to a predetermined magnitude

with respect to said base electrode, means. for

biasing said emitter electrode positively with re-
spect. to said Base e€lectrode, said emitter bias

‘being so. adjusted that the collector peak is of a

magnitude such that a load line will intersect said
collector characteristic at a point just below said
peak to establish an operating point of relatively
low collector current, whereby a slight increase
in temperature in the vicinity of the emitter elec-
trode will lower said peak to a magnitude. such
that the load line will intersect said collector
characteristic at only one point, and an operating
point of relatively high -collector current will be
substantially instantaneously established.

48. A relay device, comprising a body of “P”
type semi-conductive material containing an in-

-clusion of “N” type semi-conductive material par-

tially exposed on the external surface of said
body, an emitter electrode placed on the “P” type
material near said inclusion, a collector electrode

-placed on said inclusion, said collector electrode

being initially adjusted in. location and contact
pressure such that no peak appears in the diode
charaeteristic of said collector electrode, a base
electrode placed on said “P” type material and
spaced from said emitter electrode, means for

-biasing said emitter electrode positive with re-

spect to said base electrode, said emitter bias
being so adjusted that a peak appears in said col-
lector characteristic, means for biasing said eol-
lector negatively to. a predetermined magnitude
with respect to said base electrode, said peak
being only slightly greater in magnitude than
the voltage between said collector and base elec-

-trodes, to establish an operating point of rela-

tively low collector current, whereby a-small de-
crease of temperature in the vicinity of the emit-
ter electrode will lower the voltage of said peak to
2 magnitude less than the voltage between said -
collector and base electrodes, and an-operating
point of relatively high collector current will be
substantially instantaneously established.

49. A relay device, comprising a body of “p”
type semi-conductive material containing an in-~
clusion of “N” type semi-conductive material par-
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tially exposed on the external surface of said
body, an emitter electrode placed on the “P” type
material near said inclusion, a collector electrode
placed on said inclusicn, a base electrode placed
on said “P” type material and spaced from said
emitter electrode, said collector electrcde being
initially adjusted in location and contact pres-
sure such that a peak appears in its diode volt-
ampere characteristic, means for biasing said
collector electrode negatively to a predetermined
magnitude with respect to said base electrode,
means for biasing said emitter electrode nega-
tively with respect to said base electrode, said
emitter bias being so adjusted that the collector
peak is of a magnitude such that a load line will
intersect the collector characteristic at a point
just below said peak to establish an operating
point of relatively low collector current, whereby
a slight rise in the temperature in the vicinity of
the emitter electrode will lower said peak to a
magnitude such that the load line will intersect
said collector characteristic at only one point and
an operating point of relatively high collector
current will be substantially instantaneously
established.

50. A relay device, comprising a body of semi-
conductive material, a base electrode, a collector
electrode, and an emitter electrode, in contact
with said body, a load impedance connected in
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circuit with said collector electrode, means for ap-
plying biasing voltages to said collector and emit-
ter electrodes, said biasing voltages being so
adjusted that the collector characteristic inter-
sects the load line at at least two points, and
means for affecting the emitter bias to cause
the collector characteristic to intersect the load
line at one point only, whereby the collector cur-
rent instantaneously jumps.from one magnitude
to a substantially different magnitude.

51. A device as claimed in claim 50, wherein
said means for affecting the emitter bias com-
prises an input impedance connected in series
with a source of emitter bias potential between
the emitter and base electrode, and means for ap-
plying an input potential across said input im-
pedance.

LLOYD P. HUNTER.
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