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- 
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 electronic 

relay devices, and more particularly to electronic . 
relay devices of the triggered type, in which 
there is utilized a semi-conductive device having 
a plurality of electrodes associated therewith. 

"It has been conventional 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 
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 con 
prises a 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 electrodes, 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 semi-conductive 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. 
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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Another object of my invention is to provideian 
improved electronic relay device which does not 
require a filament power supply. ... ... . 
Another object of my invention is 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 the trig 
gered type, which can be triggered by either a . 
positive or negative pulse without changing:the 
polarity of other circuit parameters. 
A further object of my invention is to provide 

an improved electronic translating apparatus of. 
the triggered type, which shall utilize a semi 
conductive device having three electrodes, and 
which can be thermally triggered. . . . . . ; 
A further object of my invention is to provide 

an improved triggered type electronic relay de 
vice which shall have an extremely short re-set 
time. - . . . . . . . . . . . . . . 
A still further object of my invention is to 

provide; an electronic relay apparatus utilizing a 
body or block of semi-conductive material have 
ing three-electrodes and in which an A. C. re-set 
potential can be effectively used. . . . . . . . . . 
There is shown in Fig. 1 of the drawing, a 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 in 
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: . The collector elec 
trode 3 is biased positively with respect to the 
base electrode 4, by a variable D.C. 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 

50 

flows as a result of this biasis herein defined as 
a negative current bias. If a plot is made, with 
collector current, I, as ordinate, and collector 
Voltage, W, as abscissa, the result will be a coll 
lector characteristic havingsa ;peak voltage such 
asis-shown by the curve A of Fig.2 of the draw: 
ing. The value of the collector characteristic 
peak voltage in the positive direction-is-known to 
be dependent upon the location and pressure of 
the collector probe on the inclusion. Ef the col 
lector probe is properly located, this peak can be 
made to substantially disappearby increasing 
the probe pressure. The voltage of this peak is 
also affected by the temperature of the probe 
inclusion junction region and by intensity of light 
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falling in the area near the probe-inclusion junc 
tion. It is from this latter effect that the name 
“photo-peak' was derived. It is known en 
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, reference 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 at and b on curve A of Fig. 2. 
The back resistance (the probe-semi-conductor 

contact resistance in the normally low current 
direction) of a pure “N' or 'P' type semi-con 
ductor can be varied by placing a second probe 
electrode 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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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 electrons 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. 

In accordance with the broad aspects of my 
invention, I utilize the discovery that the collector 
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4. 
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 
ny invention may be 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 
cog Santional photo-peak diode; 

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

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 conditions; 

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

Fig. 6 is a curve showing the collector. diode 
characteristic of the semi-conductive device of 
Fig. 5, for various reasons. - 
With reference to Fig. 3, a triggered type re 

lay device may be constructed in accordance 
with my invention by utilizing a block of an 
'N' stype semi-conductive material having on 
one face thereof a Small 'P' type inclusion 
3. The semi-conductive material may be of 
any suitable type but is preferably germanium. 
The preferred method of forming the 'P' type 
inclusion is by high energy particle 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 fronn 
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 f is placed contiguous to the opposite 
face of the block in such a manner as to secure 
a relatively large electrical contact area. A suit 

5 able output impedance 8 having terminals 9, 
2, is connected in series with a source of vari 
able potential 23 between the collector electrode 
f5 and the base electrode ff. This variable po 
tential is shown as a potentionetter 25 shunted 
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 29, 
Which will be hereinafter referred to as the enit 
ter electrode, is placed in contact with the 'N' 
type material proximate to the collector elec 
trode 5. An input impedance 3 having termi 
nals 33, 35, is connected in Series with a variable 
Source of D. C. potential 37 between the emit 
ter and base electrodes 29, . This D. C. po 
tential is shown for convenience as a poten 
tioneter 39 shunted by a pair of Series con 
nected batteries 40, 4i. The sliding contact 46 
of the potentiometer 39 is connected to the lower 
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inpuit...impedance terminal 35 and the battery 
juriction: 44; is connected to the base electrode 
E. The polarity of the source:3 is made selec 
tively positive or negative depending upon the 
position of the potentiometer:sliding: contact 46. 
it is emphasized that the arrangement just. de 
scribed is schematic and isintended only to serve 
as an aid in the understanding of Some of the 
possible forms which my invention...may take, and 
isiaotintended to necessarily represent any par 
ticular commercial form which my invention may 
take. - 

The operation of the , arrangement, shown in 
Fig. 3 will be best explained by reference to the 
curve of Fig. 4 in which I have plotted collector 
current, I, as ordinates and the collector voltage 
Wass the abscissa, for the various Operating 
conditions. A load line, B, has been drawn for 
a collector voltage of Ec1 and a load impedance 
of 2X. Fohms: - Alload line, C, has been: drawn for 
a collector voltage Ec2; and a load impedance of 
X ohms. Ef it is desired to produce a control 
pulse:at the terminals. 9, 2- of the output in 
pedance 18, the collector probe 5 is adjusted in 
location and pressure such that in the absence 
of an emitter bias the peak in the diode char 
acteristic substantially 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 reappear. This negative bias is 
adjusted so that the collector characteristic 
curve E is intersected by the load line at at 
least three points c, d, e, the point of highest 
welltagec being just below the voltage of the 
peak of curve E, so that point c becomes the 
operating 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 diode 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 
load line. B, at point c now jumps instantane 
ously, to a new operating point of relatively high 
magnitude, as determined by the load line, B, 
at e. This jump in collector current magnitude 
is substantially instantaneous. I have found 
in actual practice that the collector current will 
jump from a magnitude of 1 milliampere to 
about 10. milliamperes in less than to of a 
microsecond. The voltage change in the emitter 
circuit required to cause this trigger action is 
somewhat less than 1. volt. 
Once the circuit has been triggered, it can be 

reset after restoring the initial emitter bias, by 
reducing the collector voltage sufficiently that 
the load line, c, will now interesect the collector 
characteristic (curve E) at only one point, g. 
once the collector voltage has been sufficiently 
reduced, 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 

of a microsecond). The collector voltage can 
be automatically reduced to reset the circuit by 
various conventional 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 7 and the 
negative terminal of the collector potential source 
23, and the capacitor 45 is shunted across the 
potential source 23 and the resistance.43. In this 
case the circuit may be used as a 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 
be made: to reset automatically by the use of 
an alternating current collector potential. 

if the emitter bias is initially made sufficient 
ly negative, the maximum collector character 
istic peak voltage indicated by curve G of Fig. 4 
may be reached, so that increased negative bias 
Will cause a decrease in the peak Voltage. The 
negative:emitter bias maybe increased sufficient 
ly that the peak. Voltage Will decrease to cor 
respond to curve E. In this case the circuit can 
be triggered by placing across the input imped 
ance terminals 33, 35 a negative trigger pulse 
of Sufficient magnitude to further reduce the 
Collector characteristic peak to correspond to 
curve. F. The collector current will then jump 
from a relatively low magnitude c to a relatively 
high:magnitude. e. Also, if the emitter is biased 
negatively.So that the Inaximum 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 it, just below the peak 
Voltage, then the device may be triggered by 
either a positive or negative pulse applied across 
the input impedance terminals 33, 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 a relaxation oscillator, or 
a pulse generator. If it is desired, a 'P' type 
semi-eonductivesblock having an “N-P' inclusion 
On one face ithereof may be used with the same 
results, except that all polarities will then be 
eVeSed. . . . 
For another type of operation of the arrange 

ment of Fig. 3, the pressure of the collector elec 
trode. Inaybe adjusted (decreased) so that initial 
ly a peak appears in the collector characteristic. 
In this case the potentiometer slider 46 is ad 
justed. So as to place...a positive bias on the emitter 
electrode 29. This positive bias tends to de 
crease the magnitude of the collector charac 
teristic peak voltage and it may be adjusted so 
that the peak appears as curve E of Fig. 4. If a 
positive trigger pulse is now applied to the input 
impedance terminals 33, 35 and is of such magni 
tude as to reduce the collector characteristic peak 
voltage sufficiently that the load line B, will in 
tersect the collector characteristic curve F, at 
only one point e the circuit will again be triggered, 
and the collector current will jump, instanta 
neously from a relatively low 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. 

fin Fig. 5there is shown an ordinary transistor 
comprising a block 4 of 'N' type semi-conduct 
ing material and having emitter, collector, and 
base electrodes 49, 5, 53 associated therewith in 
the conventional manner. An input impedance 
5 having terminals 57, 59 is connected in series 

with a source 6 of variable D. C. potential shown 
as a potentiometer 63 in shunt with a battery 65 
between the emitter and base electrodes 49, 53. 
An output impedance 67 having terminals 69, 7 
is connected in series with a source 73 of variable 
D.C. potential shown as a battery 75 in shunt 
with a potentiometer 77 between the collector 
and base electrodes 51,53. To operate the ar 
rangement shown in Fig. 5 as a trigger circuit, 
the collector -electrode 5 is biased negatively to 
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a predetermined value, Ec3, as indicated on the 
graph of Fig. 6. A load line, H, has been drawn. 
in Fig. 6, aSSunning an output impedance of X 
ohns, and a collector bias of Ec3. Another load 
line K, has been drawn for a collector bias of Ec4 
and an output impedance of X ohms. The enit 
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 pointSh, k, in Fig. 6. The circuit can then 
be triggered by the application of a positive pulse 
to the input impedance terminals, 57, 59 of sufi 
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 
collector current magnitude h to an operating 
point 72 of relatively high collector current mag 
Initude. 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 
6-resistor 9 arrangement as shown in Fig. 5. 
The resistance 79 is inserted between the base 
electrode 53 and the positive terminal of the col 
lector potential source 73 and the capacitor 76 
is shunted across the resistance 79 and the poten 
tial Source 73. 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. collector 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 Sane results, except that the polarities will 
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.-3 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 below this value, the collec 
tor current would be suddenly increased. How 
ever, individual semi-conductive crystals vary 
considerably in their temperature response, and 
most of these have a sufficiently high threshold 
of the temperature effect that their use directly 
as temperature trigger devices 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, a circuit ar 
ranged, Such as shown in Fig. 3 may be used as 
a, thermally triggered relay device. One way of 
doing this, is with the collector bias set to Ec1, 
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 t, 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 immediately 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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electrical contact. 

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 contact. 
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 

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 the 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 Iy in Vene 
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: - - - 
1. A relay device, comprising a block of 'N' 

type semi-conductive material having a small “E” 
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type inclusion on one face thereof, an emitter 
electrode: placed on 'N' type material near said 
inclusion, a collector electrode placed on Said in 
clusion, a base electrode placed on the opposite 
face of said block, an input circuit 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 eraitter 
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. characteristic 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 to said base electrode, 
whereby the peak of said collector characteristic 
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 
collector probe placed on Said inclusion, a base 
electrode placedon the opposite 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 
characteristic 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 lastsmentioned bias is made still more nega 
tive, said collector characteristic reaghes a maxi 
mura peak, and as, Saidinegative biasis further in 
creased, said collector: characteristic recedes from 
the maximum peak magnitude. - 

:4. In combination, a block of 'N' type semi 
conductive material having a small 'P' type in 
chusion on, one face thereof, a collector probe 
placed in contact with said inclusion, a base elec 
trode in-contact with another face of said block, 
means for biasing said collector probe positive 
with respect to said base electrode, the location 

adjusted S6 that no. Voltage peak appears in the 
collector: characteristic, neans 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 
said base electrode to a selectable degree. 

5. A relay device, comprising a collector probe 
in contact with a small “P” type inclusion in a 
block of 'N' type semi-conductive material hav 
ing a base electrode which is biased negatively 
with respect to said collector electrode, the pres 
sure and location of said collector probe having 
been adjusted so that no peak appears in the 
collector characteristic, a load impedance in cir 
cuit with said collector probe, an emitter elec 

bias said emitter electrode neg 
to said collector, electrode to the 
whereby a peak may be: c 
collector characteristic, 
tive bias on said collector electro 
load line may be drawn to establish 

collector electrode being adjusted in location and 
lo, peak appears in 

instaataaeguSjump to an operating point of relate. 
tively high collector current, and means to there: 
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after reduce said collector. e. )de p0Sitive; biaS 
Operating 

point of relatively low collector current. . . . . 
7. A relay 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 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 corn 
tact With 'N' type. material on said block near 
said inclusion, a source of P. C. potential 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-electrodepositively with res. 
Spects to. Said base electrode, whereby an opers. 
atting point of relatively low load impedance curs. 
rentis, established on said collector characteristic, 
an input...impedance in circuit with said emitter 
electrode, means for applying a momentary pos, 
tential to said input impedance in a 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 impedance current to, a relatively low imag 
raitude. 

8. A relay device, comprising a block of “EP'. 
type semi-conductive material having a small 'N' 
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. 
negative With respect to said base electrode, the 
diode characteristic of said collector being of the 
photo-peak type, the location and pressure of 
Said collector electrode with respect to said in 

trode in contact with said block near said inclu- 75 clusion being such that, the photopeak of said 
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eÖllector characteristic is removed, and means for 
applying bias to make said emitter electrodeposi 
tive with respect to said base electrode, whereby 
the peak of said collector characteristic is caused 
to re-appear. . . . . . . . . . . . . 

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 inclusion, 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 a bias source - which may be applied to bias 
said emitter electrodepositive 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 opposite 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 respect 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 nonen 
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 
magnitude. - 

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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12 
placed in contact with said inclusion, a 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 emitter electrode positive with 
respect to said base electrode to a selectable 
degree. - 

13. A relay 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, 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, 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 block, the location and contact pressure of 
said collector electrode being adjusted such 
that a peak appears in diode characteristic of 
said collector electrode, an emitter electrode in 
contact. With 'N' type material on said block near 
Said inclusion, a source of D. C. potential for 
biasing said emitter electrode positively with re 
spect to said base electrode, a 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 in pedance, 
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 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 inclusion, a base elec 
trode in contact 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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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 
said base electrode to a selectable degree. 

16. 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 opposite face of 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 'P' type material near said, inclusion, 
means for biasing said collector electrode nega 
tive with respect to said base electrode, means for 
biasing 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 
a substantially instantaneous jump to an operat 
ing point of relatively high collector current, and 
means to thereafter reduce said collector elec 
trode negative bias sufficiently to cause a return 
to Said operating point of relatively low collector 
current. . . 

17. A relay device, comprising a block of “P' 
type semi-conductive material, a small 'N' type 

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 a 
peak appears in the diode characteristic of said 
collector electrode, an emitter electrode in con 
tact with 'P' type material on said block near 
said inclusion, a source of D. C. potential for 
biasing said emitter electrode negatively with re 
spect to said base electrode, a load impedance in 
circuit. With said collector electrode, means for 
biasing said collector electrode negative with re 
spect to said base electrode, whereby an operat 
ing point of relatively low load impedance cur 
rent is established on said collector characteris 
tic, and input impedance in circuit. With Said 
emitter electrode, means for applying a momen 
tary negative potential to said input impedance, 
to cause said load impedance current to rise 
substantially instantaneous to a relatively high 
magnitude, and means for thereafter reducing 
said collector negative bias sufficiently to return 
said load impedance current to a relatively lo 
magnitude. 

18. A the naostatic 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, 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 
located on 'N' type material near said inclusion, 
means for biasing said emitter electrode nega 
tive with respect to said base electrode, said 
emitter bias being so adjusted that a peak ap 
pears in-said collector characteristic, means for 
biasing said collector electrode positively to a 
predetermined magnitude with respect to said 
base electrode, said collector characteristic peak 
voltage being of such magnitude that a load line 
will intersect. said characteristic at points just 
below said peak voltage magnitude to restablish 
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14 
an operating point of relatively low collector cur 
rent, Whereby a small increase of ambient ten 
perature Will lower the voltage of said peak to 
arriaghitude less than said collector bias, and an 
Operating point of relatively high collector cur 
rent Will be Substantially instantaneously. es 
tablished. - 

19. 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, 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 niagnitude with in 
creased emitter bias, means for biasing said col 
lector electrode positively to a predetermined 
magnitude with respect to said base electrode, 
Said base being only slightly greater in magni 
tude than the voltage between said collector and 
base electrodes, to establish an operating point 
of relatively low collector current, whereby a 
Small increase of ambient temperature will lower 
the voltage of said peak to a magnitude less than 
the voltage between said collector and base elec 
trodes, and an operating point of relatively high 
collector current will be substantially instan 
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 block, the location and coritact pressure 
of Said collector electrode being initially soad 
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 circuit. with said 
collector electrode, said emitter negative 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 location and contact pressure such 
that no peaks appear in its diode volt-ampere 
characteristic, an emitter electrode, located on 
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'P' type material near said inclusion, 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 
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 () 
below said peak magnitude to establish an Op 
erating point of relatively low collector current, 
Whereby a Small increase of ambient tennipera 
ture Will lower the Voltage of Said peak to a 
magnitude less than said collector bias, and an 
Operating point of relatively high collector cur 
rent will be substantially instantaneously estab 
lished. 

22. A thermostatic device, comprising a block 
of 'N' type Seni-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 erritter 
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 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 a load line will intersect said 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 cols 
lector bias being adjusted negative with respect 
to said base electrode and of magnitude such that 
the load line will intersect said collector peak 

5 

25 

30 

35 

sis 

60 

65 

O 

75 

6 
characteristic at three points, means for in 
creasing 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 Inag 
nitude, whereby the collector current will jump 
instantaneously to a comparatively large magni 
tude, means for restoring the original magnir 
tude of emitter bias, means for thereafter reduc 
ing said collector bias Sufficiently that the load 
line is moved to intersect the collector peak char 
acteristic at only one point, which is of relatively 
IoW collector current magnitude, whereby', the 
collector current Will be reduced to the initial 
magnitude. 

25. A relay device, conprising a block of 'P' 
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 circuit 
with said emitter probe, said emitter bias being 
adjusted negative with respect to said base elec 
trode and Of nagnitude 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 intersect said collector peak 
characteristic at three points, and means for in 
creasing said enitter bias Sufficiently to estab 
lish a second collector peak characteristic which 
is intersected by said load line at only one point, 
whereby the collector current will jump instan 
taneously to a comparatively large magnitude. 

26. A relay device, comprising a block of 'P' 
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 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 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, 
rineans 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 material 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 positively 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 collector 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' type material...and 
spaced from said emitter-electrode, an input cir 
-cuit comprising means for applying an adjust 
sable 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 
ling 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 oW load 
impedance current on said collector character 
istic, and means for rendering said emitter elec 
trode less...negative with respect to said base elec 
rtrode whereby the load impedance current will 
jump-substantially instantaneously to a relatively 
ihigh 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 electrodepositively with 

, respect to said base electrode, said emitter bias 
being so adjusted that a peak appears in said 
collector characteristic, a load inpedance in cir 
cuit with said collector 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 

18 
istic, and means for rendering said emitter elec 
trode less positive with respect to said base elects 
trode, whereby the load impedance current will 
jump. Substantially instantaneously to a rela 
tively high magnitude. 

31. 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 

10 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 

15 emitter electrode in contact with "N'-type ma 
terial 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 the peak which is caused 

20 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 collec 

25 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 

30 tively low load impedance current on said col 
lector characteristic, and means for rendering 
said emitter electrode still more negative with 
respect to said base electrode whereby the load 
impedance current will jump substantially in 

35 stantaneously to a relatively high magnitude. 
32. 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 

40 body, a collector electrode in contact with said 
inclusion, a base electrode placed on the “P” 
type material, said collector electrode being ad 
justed in location and contact pressure such that 
no peaks appear in the collector characteristic, 

45 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, 

50 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 

55 lector electrode negatively with respect to said 
base electrode, 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 load impedance 

60 current on said collector characteristic, and 
means for rendering said emitter electrode still 
more positive with respect to said base electrode, 
whereby the load impedance current will jump 
Substantially instantaneously to...a relatively high 

65 magnitude. - .. 
.33. A relay device, comprising a body of 

type semi-conductive material containing ani 
clusion of 'P' type semi-conductive material par 
tially exposed on the external surface of said body, 

70 a collector electrode in contact with said inclu 
Sion, a base electrode placed on the 'N' type ma 
terial, said collector electrode being adjusted in 
location and contact pressure such that a peak 
appears in the collector characteristic, an emit 

75 ter...electrode in contact with 'N' type material 
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on said body near said inclusion, means for bias 
ing said emitter electrode positively with respect 
to said base electrode, 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, whereby an operat 
ing point of relatively low load impedance cur 
rent, is established on said collector character 
istic, 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-conductive material containing an in 
clusion of 'N' type semi-conductive material par 
tially exposed on the external surface of said body, 
a collector electrode in contact with said inclu 
ision, a base electrode placed on the 'P' type ma 
terial, said collector electrode being adjusted in 
location and contact pressure such that a peak 
appears 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 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 relatively low load impedance current is es 
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tablished on said collector characteristic, and 
means for rendering said emitter electrode still 
more negative with respect to said base electrode, 
whereby the load impedance current will jump 
substantially instantaneously to a relatively high : 
magnitude. r 

35. A relay device, comprising 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 
bias being 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 the 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 
ly 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 initial magnitude. - 

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 sufficiently 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 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 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 maximun and de 
creases in magnitude with increased emitter bias, 
means for biasing said collector electrode posi 
tively to a predetermined magnitude 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 
establish an operating point of relatively low col 
lector current, whereby a small increase of am 
bient temperature will lower the voltage of said 
peak to a magnitude less than the voltage be 
tween said Collector and base electrodies, and an 
operating point of relatively high collector cur 
rent will be substantially instantaneously estab 
lished. 

38. A thernostatic device, comprising a body of 
“P' type semi-conductive material containing an 
inclusion of 'N' type seni-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 electrode placed 
on Said 'P' type material and Spaced from said 
emitter electrode, said collector electrode being 
initially adjusted in location and contact pres 
Sure Such that no peak appears in the diode chair 
acteristic of said collector - electrode, means for 
biasing said emitter electrode 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 increased emit 
ter bias, means for biasing said collector elec 
trode 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 electrodes, 
to establish an operating point of relatively low 
collector current, whereby a small increase of 
ambient temperature will lower the voltage of 
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said peakito a magnitude less than the Voltage 
between said collector and base electrodes, sand 
tani-operating point of relatively high Collector 
'current will be substantially instantaneously 
established. 

-39. A thermostatic device, comprising a body 
sof 'N'-type semi-conductive:-material containing 
an inelusions of “P” type: semi-conductive mate 
rial partially-exposed on the externalisurface of 
said:body, an emitter electrode-placedon the 'N' 
"type material near said inclusion, a collector elec 
strode 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 
pressure such that no peak appears in the diode 
characteristic of said collector electrode, means 
for biasing: said: emitter electrode negative With 
respect to said base electrode, said semitter bias 
being so adjusted that "a peak appears in Said 
icollector characteristic, means for biasing Said 
icollector electrodepositively 3to a predeterminied 
'magnitude with respect to said base "electrode, 
Isaid peak being only slightly greater in magni 
stude than the voltage between said collector. and 
base electrodes, to establish: an operating point 
of Irelatively low collector current, whereby a 
'small increase of ambient:temperature will lower 
'the voltage of said peak-to-ai-magnitude, less than 
the voltage between the collector. and base-elec 
'trode, and an operating point of relatively high 
collector current will be substantially instan 
taneously established. 

40. A relay device, comprising a body of 'P". 
type semi-conductive imaterial containing an in-, 
clusion of 'N' type semi-conductive material par 
tially exposed on the external surface of saidbody, 
saniemitter electrode-placedon'the'P' type mate 
rial 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 character 
tistic of said collector electrode, a base electrode 
placed on said “P” ::type material and spaced 
from said emitter electrode, imeans for biasing 
said emitter electrodepositive with respect to said 
base electrode, said emitterbias being so adjusted 
*that a peak appears in said collector character 
ristic, means for biasing said colleetor negatively 
'to a predetermined magnitude with respect to 
said base electrotae, 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 cur 
rent, whereby a small increase of ambient tem 
perature williower-the-voltage of said peak to a 
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. 

41. 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, 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 material and 
spaced from said emitter electrode, the location 
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- said emitter negative bias being adjusted Such 
that the collector characteristic peak is ofäniax 
imum magnitude, means for biasing Said col 
'lector electrode to a positive magnitude with 
respect to said base-electrode such that the load 
lineswill 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; the emitter electrode contact temperature in 

- either sense, will cause:said collector character 
istic peak to be reduced to a magnitude Such 
3that "the load line will intersect said collector 
characteristic at only one point, whereby an 
(operating point on relatively high load imped 
ance: current is substantially instantaneously; es 
tablished. 

, 342. A relay device, comprising Sa body of 'P' 
type semi-econductive materialicontaining an in 

: clusion of 'N' type semi-econductive material 
- partially exposed on the external surface of said 
body, an emitter electrode placed on the "P" 
'-type material...riear said inclusion, a collector 
selectrode placed on said, inclusion, a base elec 
itrode placed ; on said “P' type material and 
-spaced from said emitter electrode, the location 
i and contact pressure of said collectorielectrode 
-being initially so adjusted that no peak appears 
in its diode volt-ampere characteristic, means 
for biasing said emitter electrode positively with 
respect to said base-electrode, a load impedance 
(in circuit with said collector electrode, Said emit 
iter positive bias being adjusted such that the 
collector characteristic peak is df maximum mag 
'nitude, means for biasing said collector electrode 
to a negative magnitude with respect to said 
base electrode such that the load line will in 
itersect said collector characteristic at a point 
just below the maximum peak magnitude to 
restablish an operating point . of relatively low 
load impedance current, whereby a slight change 
in emitter electrode contact temperature in 
: either sense, will cause said collector character 
"istic 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 substantially instantaneously estab 
ised. 
43. A relay device, comprising: a body of 'N' 

type: semi-conductive material containing an in 
clusion of “P” type semi-conductive material 
artially exposed on the external Surface of said 

body, an emitter electrode placed on "the 'N' 
type infaterial near said inclusion, a collector 
electrode placed on said inclusion, a base elec 
'trode placed on said 'N' type material and 
"Spaced ifron said emitter electrode, said, collec 
tor selectrode 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 positively to 
a predetermined magnitude with respect to said 
base electrode, means for biasing said emitter 
selectrode positively with respect to said base 
electrode, said emitter bias being so adjusted that 
'the collector, peak is of a magnitude such that 
ia, load line will intersect said 'collector charac 
iteristic at a point just below said peak to es 

sand contact pressure of said collector eleetrode 70 tablish an operating point of relatively low col 
being initially so adjusted that no peak appears 
in its ; diode volt-ampere characteristic, and 
means for biasing said emitter selectrode nega 
tively with respect to said base electrode, a load 

'lector current, whereby a slight increase in "am 
5ient temperature will lower said peak.to a mag 
initude such that the load line will intersect said 
icollector characteristic at only one point, and 

impedance in circuit with said collectorielectrode, 75 an Operating point of relatively high collector 
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- current will be substantially instantaneously es 
... tablished. - .. - 

44. 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, 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' is 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 
a 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 magnitude 
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 instantaneously es 
tablished. - 

45. A relay 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, a collector electrode in contact with said 
inclusion, a base electrode placed on the 'N' 
type material, said collector electrode being ad 
justed in location and contact pressure such that 
no peak appears 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 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 
a 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 substantially instantaneously estab 
lished. . 

46. 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 
naterial, Said collector electrode being adjusted 
in location and contact pressure such that no 
peak appears in the collector characteristic, 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 substantially instantaneously 
established. . . . . . . . . . 

47. 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, an emitter electrode placed on the “N’ type 
naterial 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 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 electrode, 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 
characteristic 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 col 
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 
a 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 inclusion, a base electrode placed 
on said “P' type material and spaced from said 
emitter electrode, said collector electrode 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 emite 
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 con 
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 in 
pedance. 

LLOYD. P. HUNTER. 
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