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Patented Mar. 18, 1952 2,589,704 

UNITED STATES PATENT OFFICE 
2,589,204 

SEMICONDUCTOR SIGNA, TRANSLATING 
DEVICE 

William E. Kirkpatrick, Chatham, and Raymond 
W. Sears, West Orange, N.J., assignors to Bell 
Telephone Laboratories, Incorporated, New 
York, N. Y., a corporation of New York 
Application August 3, 1950, Serial No. 177,414 

(C. 35-1) 17 Claims. 

This invention relates to devices for the trans 
lation of electric currents and more particularly 
to apparatus for the translation of electric cur 
rents through the utilization of electron bom 
barded semiconductor material. 

It has been found that the bombardment of 
certain semiconductive crystals with an electron 
stream will result in the conductivity of the semi 
conductive crystals becoming considerably en 
hanced. Each bombarding electron, under cer 
tain conditions, will excite as many as several 
hundred internal secondary electrons thus caus 
ing the internal secondary electron emission 
ratio to be greatly in excess of unity. Under the 
action of an applied electric field these internal 
secondary electrons act as carriers for an elec 
tric current. 
One of the general objects of this invention is 

to translate electric currents, utilizing electron 
bombardment induced conductivity in semicon 
ductors. 
Another object of the invention is to obtain 

a high ratio of the conductance of the electron 
bombarded material to the conductance of the 
material When not bombarded by electrons. 

Further objects of the invention are to provide 
electron beam deflection switching and amplify 
ing devices utilizing electron bombardment in 
duced conductivity in semiconductors. 
Other objects of the invention are to enable 

the utilization of electron bombarded semicon 
ductors in Selective circuit arrangements having 
no moving parts and the utilization of electron 
bombarded semiconductors in a time division 
multiplex distributor tube having no moving 
parts. 
In One illustrative embodiment of the inven 

tion, a Spring Wire is caused to make a point con 
tact on One side of a thin wafer-shaped semi 
conductive material element. A base connection 
of a conductive material is connected to the semi 
conductive material at a distance from the point 
of contact of said spring wire. Electron bom 
bardment of the semiconductive material causes 
a greatly enhanced current to flow through the 
semiconductive material when the base connec 
tion is made positive with respect to the con 
tact. 
A similar result is obtained by coating a por 

tion of the semiconductor material with a photo 
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luminescent material and bombarding the photo 
luminescent material. With electrons. 

In another illustrative embodiment of the in 
vention, a thin layer of semiconductive material 
is formed upon a base of insulating material. 
Contacts are formed so that each contact will 
overlap substantially opposite edges of the Semi 
conductive material. A potential is applied 
across the contacts. Electron bombardment of 
the semiconductive material will increase the 
conductivity thereof which will allow a flow of 
current through the semiconductive material of 
a magnitude much greater than that of the bom 
barding electron stream. 
In a further embodiment of the invention, a 

plurality of any one of the semiconductor ele 
ments described hereinabove are placed within 
a single envelope. Opposite this plurality of 
semiconductive elementS is positioned a means 
for generating an electron stream which can be 
directed upon any of the Semiconductive ele 
ments. In such an arrangement, an incoming 
signal can be impressed upon the electron beam 
causing variations therein. These variations 

5 will be reflected in the amount of current flowing 
through the semiconductive element upon which 
the electron beam is focused. Current amplifi 
cation will result inasmuch as the current in the 
semiconductor resulting from the electron bom 
bardment is considerably greater than the elec 
tron beam current itself. A feature of this ar 
rangment lies in its adaptability to Switching 
functions. Each semiconductive element within 
the envelope can be individual to a particular 
line. The application of the proper deflection 
voltages upon the deflector plates associated with 
the electron beam Will cause the electron beam 
to focus upon a particular semiconductive ele 
inent thus causing the Seniconductive element to 
become conductive. The use of two of these de 
vices, one for a plurality of incoming circuits, 
and a second for a plurality of outgoing circuits 
Will allow the connection of any One of the in 
coming circuits to any one of the outgoing cir 
cuits. 
Another feature of this embodiment of the 

invention lies in its application to time division 
multiplex circuits. The incoming signal pulses 
can be applied to the electron beam and the Sweep 
of the electron beam across a plurality of Semi 
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conductive elements can be synchronized with the 
incoming pulses. It is to be noted that in none 
of these arrangements of the invention are there 
any moving parts. - 
The above-mentioned and other objects and 

features will be more clearly understood from the 
following description when read in conjunction 
with the drawings in which: 

Fig. 1 illustrates a device constructed in ac 
cordance with this invention including a dimple 
type semiconductor; 

Fig. 2 illustrates a modification of the device 
shown in Fig. 1 wherein the semiconductor wafer 
has one surface partially covered with a phos 
phor layer; 

Fig. 3 illustrates an embodinent of the inven 
tion particularly adaptable to switching applica 
tions; 

Fig. 3A is a side view of Fig. 3 taken along the 
line 3A-3A in Fig. 3; 

Fig. 4 illustrates a switching and amplifying 
device incorporating a plurality of the Semicon 
ductive elements; 

Fig. 5 is a diagram illustrating a Switching ar 
rangement incorporating the semiconductive 
units whereby any one of a number of inputs 
may be connected to any one of a plurality of 
outputs; 

Fig. 6 illustrates a time division multiplex ap 
plication utilizing electron bombarded senicon 
ductive elements; 

O 

5 

20 

25 

30 

Fig. 7 shows a switching and animplifying circuit 
arrangement; and 

Fig. 8 shows another form of a time division 
multiplex distributor circuit having a control 
grid-impressed Signal input. 

Referring now to Fig. 1 there is shown a single 
dimple-type wafer of germanium, cadium sul 
phide Gr other suitable naterial enclosed Within 
envelope . Spring wire 2 makes rectifying 
contact. With wafer 9 at point f3. Element 4 
is a ring of a conductive material, Such as rho 
dium or copper for example, and makes ohmic 
contact with wafer . A potential from a Source 
5 is applied between point contact 3 and con 
ductive base A. The electron beam generating 
means is comprised of a heater element 8, cath 
ode 9, accelerating and focusing anodes 2 and 
2 and control grid S. Battery source la Sup 
plies bias to control electrode 6 and battery 7 
Supplies bias to the accelerating and focusing 
electrodes 2 and 2. The electron beam, shown 
as lines 22, is directed between deflector plate 
pairs 23 and 23. The eiectron beam is caused to 
impinge upon the wafer E at a point preferably 
directly opposite point, contact 3 since this has 
been found to produce the greatest conductivity 
in the Semiconductor element 2. 
The useful output load, which may be a vacuum 

tube input circuit, a relay, or other device, is 
represented by the element. 
In a typical set of Operating conditions a 10 

microampere electron beam accelerated by 10,000 
electron volts energy is caused to impinge on the 
germanium Wafer. With 10 volts applied across 
the germanium wafer in the non-conducting di 
rection, the current flow therethrough is approxi 
mately 550 microamperes, or about 55 times the 
value of the electron beam current. 

It is to be noted that the ratio of electron bom 
bardment induced current to the electron beam 
Current increaseS rapidly as the voltage bias ap 
plied acroSS the Wafer increases until said voltage 
bias reaches about 10 volts whereupon said ratio 
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becomes substantially constant with increasing 

4. 
bias voltage. This is true of any of the embodi 
ments of the invention herein described. 

Referring now to Fig. 2 there is disclosed a 
single dimple wafer-type semiconductive element 
which may be substituted for the one shown on 
Fig. 1. Spring wire 2 makes contact at point 3. 
Base connection is is connected to the Wafer 
at a distance from point contact 3. On the side 
opposite the point contact 3 a photoluminescent 
material or phosphor layer is coated upon the Sur 
face of the wafer 3. The electron beam repre 
sented by the lines 22 strikes the phosphor layer 
to produce photons which will cause the Semicon 
ductive material to become more conductive. 
Battery 5 supplies the potenital acroSS base con 
tact 4 and point contact 3. Element T. repre 
sents the useful load. 
As mentioned before, the presence of the phos 

phor layer on the semiconductor will give rise 
under electron bombardment to the ejection of 
photons from the phosphor, some of which will 
in turn penetrate the semiconductor upper layers 
to excite electrons from the filled energy band to 
the conduction band. 

Fig. 2 shows this double transfer in pictorial 
fashion. The impinging electron beam 22 strikes 
the phosphor layer 25 causing the release of light 
quanta, each of energy hy, where h is Planck's 
constant and ) is the frequency of the emitted 
light. Some of these photons will penetrate the 
semiconductor surface where they will give up 
their own energy to excite electrons from the 
filled energy band to the conduction band of the 
Semiconductor. 

Despite the double energy exchange involved 
and the loss of some light energy escaping from 
the phosphor surface into areas other than that 
occupied by the semiconductor, the results are 
quite similar to those obtained with direct elec 
tron bombardment of the Semiconductors shown 
in Fig. 1. 
In FigS. 3 and 3A, a third device utilizing semi 

conductor material is illustrated. A thin film 26 
of a semiconductor such as germanium or cadium 
Sulfide is deposited on a base 2 of an insulator 
material. Metal contacts 28 and 29 are then 
applied so as to overlap parts of the Semicon 
ductor element 26. Battery 3 is applied across 
contacts 28 and 29. The load is represented by 
element Li. In the absence of electron bombard 
ment of semiconductor element 2S, the resistance 
of the semiconductor element is very high so that 
only negligible current flows through load L. 
When semiconductive element 26 is bombarded by 
electrons, however, the conductivity of the ele 
ment becomes considerably enhanced and allows 
a much greater current to flow through load L to 
accomplish the desired function. 
A preferred thickness of the semiconductor ele 

ment 26 is that thickness of material which the 
impinging electron beam will just penetrate. For 
a 1000-volt beam this thickness is of the order 
of 10 centimeters. This can be obtained by 
evaporating a thin film of the Semiconductor Such 
as germanium Onto the flat insulator. The con 
tact electrodes can be evaporated, plated, or 
otherwise deposited Strips on top or underneath 
the semiconductive film. In some cases it is ad 
vantageous to deposit some impurity activator 
material, Such as tin for example, along with the 
Seniconductor to assure that the thin film of 
Semiconductor material has the same qualities as 
the bulk material. 

Fig. 4 shows a switching device embodying the 
invention. Included within a single envelope 48 
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is means for generating and directing an electron 
beam comprising cathode 4, control grid 42, ac 
celerating and focusing anodes 43 and deflection 
plate pairs 44 and 45. Also included in the en 
velope are bombardment induced conductivity 
elements 49 connected in parallel to battery 46. 
Each semiconductive element 49 has associated 
therewith a load element 4. The electron beam 
may be focused by Well known means upon any 
of the semiconductive elements 49 causing the 
element to become conductive. As a simple 
Switching device, load 47 can be a relay winding 
with sensitivity adjusted so that the relay will op 
erate when the electron beam is focused on its 
associated semiconductor element and not oper 
ate otherwise. 

Fig. 7 shows a Switching and amplifying de 
vice. Envelope 00 comprises the electron beam 
generating means consisting of cathode 0 , con 
trol electrode fo2, and focusing and accelerating 
electrode 03. Deflection of the beam to the de 
sired bombardment induced conductivity ele 
ments 08 is obtained by applying deflection po 
tentials to deflection plate pairs f4 and iO5. 
Each semiconductive element is connected in 
series with an individual primary 9 of an in 
dividual output transformer . Each second 
alry ff2 is connected to an individual useful out 
put load 3. The input signal to be switched to 
one of the output channels is applied to the pri 
mary 107 of input transformer f06. The output 
34 of this transformer acting through the me 
dium of control grid 02 serves to vary the beam 
current passing to the semiconductive elements 
in accordance to the signal. Since the conduc 
tivity of semiconductive elements 08 when 
bombarded by an electron stream is proportional 
to the intensity of the electron stream within 
certain limitations, a signal impressed on the 
electron beam Source causing variations in the 
intensity of the electron beam will be reflected 
in the amount of current flowing through the 
Semiconductive elements 08. Furthermore, since 
the amount of current flowing through an elec 
tron bombarded element f8 due to electron 
bombardment is of a magnitude considerably 
greater than the current of the electron stream 
bombarding the element any signal impressed on 
the electron beam source to vary the intensity of 
the electron beam will be amplified by means of 
the Semiconductive devices 08. 

Fig. 5 illustrates a circuit for switching or con 
necting any one of a first plurality of Jines such 
as 50, 5 or 52 to any one of a second plurality of 
lines such as 53, 54 or 56. Elements 5, 58, 59, 60, 
6 and 62 are electron bombardment induced 
conductivity elements such as shown in Figs. 1, 2 
or 3. ASSociated with each of these semicon 
ductive elements is a transformer such as 63 
Connecting each of the electron-bombardment 
induced conductivity elements to one of the 
plurality of lines. The first plurality of lines is 
connected to the Second plurality of lines through 
a link element and transformers 65 and 66. Since 
elements 57, 58, 59, 60, 6 and 62 are normally 
non-conductive for all practical purposes when 
not bombarded by an electron stream, there will, 
in effect, be no coupling between any of the first 
plurality of lines 50, 5 or 52 and any of the sec 
ond plurality of lines 53, 54, and 58. Elements 67 
and 68 are electron beam generating means. 
Electron generating means 67 Will be included in 
the same envelope with semiconductive elements 
57, 58 and 59, and electron generating means 68 
will be included in the same envelope as semi 
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conductive elements 60, 6 and 62. The focusing 
of the electron beam generated by electron beam 
generating means 67 on any One of Semiconduc 
tive elements 57, 58 and 59 and the focusing of 
the electron beam from Source 68 upon any one 
of semiconductive elements 60, 6 or 62 will re 
Sult in the coupling of the two lines aSSociated 
with the semiconductive elements. Thus it is 
shown in Fig. 5 that any one of the first plurality 
of lines 50, 5f or 52 can be connected to any one 
of a second plurality of lines 53, 54 or 56. 

It should be noted that the individual opera 
tions of collecting and distributing in Fig. 5 are 
done by two completely identical tubes So that 
either tube may be used alone as a collector or 
distributor. Fig. 5 shows the use of two Such 
tubes back-to-back for the combined Operation 
of collecting and distributing. 
In Fig. 6 there is illustrated another switching 

device illustrative of the invention. Included 
within a single envelope are electron bombard 
ment conductivity elements 70, T and 72 and a 
means for generating an electron beam which 
Will be capable of sweeping elements 70, 7 and 
72. The electron beam generating means com 
prises cathode 73, control electrode 74, accelerat 
ing and focusing anode 15, and deflection plate 
pairs 76 and 77. A time division multiplex input 
signal is applied on leads 8 and is coupled to a 
synchronizer 79 through transformer 80, Semi 
conductive elements 70, 7 and 72 are also cou 
pled to input leads 78 through transformer 80. 
Each of elements T0, 7 and T2 is further coupled 
to an output line such as 8 f, 82 and 83, respec 
tively, through transformers 84, 85 and 86, re 
spectively. Each of lines 8, 82 and 83 has an 
associated low pass filter designated as 87, 88 and 
89, respectively. When not bombarded by an 
electron stream, elements 70, 7 and T2 are non 
conductive for practical purposes, as far as this 
particular circuit is concerned. Assume, how 
ever, that the electron beam 90 is focused on ele 
ment 7 f. This will cause element 7 to become 
conductive in a manner similar to that described 
With respect to Figs. 1, 2 and 3. Line 82 will be 
coupled to input leads 78 through low pass filter 
88, transformer 85, element 7 f, battery 9, con 
ductor 92 and transformer 80. The synchroniz 
ing or marker signal contained in the input sig 
nal impressed on lead 78 triggers synchronizer 
79 and so deflects the beam to the appropriate 
semiconductive unit such as T, which working 
through a low pass filter such as 88 to a line 82 
distributes the incoming time division multiplex 
signal to the correct line. 
This system may be operated in the reverse 

fashion as a sampling tube for this operation. 
The individual line signals are fed through leads 
8, 82 and 83 and coupled to the common circuit 
78 in time sequence by the scanning electron 
beam 90. In this case, the synchronizer 79 is 
driven from an external source, not shown, and 
supplies energy both to the deflection system and 
to the time division multiplex output in the form 
of a marker pulse. 

Fig. 8 shows another form of time division 
multiplex distributor in which the input signal 
is impressed on the control grid if 6. Envelope 

4 comprises this grid plus additional beam 
forming electrodes consisting of cathode 5 and 
focusing and acceleration anodes 7. Deflection 
plate pairs 8 and 9 are controlled by syn 
chronizer 20 to direct the beam to the appro 
priate Semiconductive element 23 in accordance 
'With marker energy supplied by the input signal. 



2,589,704 
7 

Each bombardment induced conductivity element 
f23 has one side connected in common to a volt 
age source f29. The other side of each element 
is connected through individual primaries 25 of 
transformers 2 to the other side of the voltage 
Source. Secondaries 26 are each connected 
through low pass filters 2 to useful loads 28. 
The input time division multiplex signal consist 
ing of information plus marker energy is intro 
duced on primary 22 of input transformer 2. 
Marker energy is separated and fed to the Syn 
chronizer while the coimmunication information 
is fed to the control grid where it varies the bean 
current in accordance with the incoming infor 
mation. Again the action of the semiconductive 
element is to provide current multiplication of 
theimpinging beam current. 

It is understood that the devices inerein de 
scribed are merely some preferred embodiments 
of the invention, and that various changes may 
he rinade in arrangement of circuit elements and 
changes in shape of various parts of the structure 
and substitution of materials Without departing 
from the spirit or scope of the invention. 
What is claimed is: 
1. A signal translating device comprising a 

body of Semiconductive material, a surface layer 
of phosphorescent material on a portion of Said 
body, electrical connections to two spaced re 
gions of Said body, an output circuit coupled to 
said connections, means for projecting an elec 
tron Stream against said layer of phosphorescent 
material, means for varying the intensity of said 
electron stream, and means for applying a poten 
tial across said connections. 

2. A signal translating device comprising a 
body of semiconductive material, an ohmic base 
connected to said body, a rectifying connection to 
said body at a region thereof spaced from said 
base connection, and means for directing an elec 
iron bearin against the surface of said body in 
proximity to said rectifying connection. 

3. A signal translating device in accordance 
with claim 2, comprising means for applying a 
potential to bias said rectifying connection with 
respect to said base connection so that the ratio 
of the electron bombardment induced current of 
the semiconductive material to the electron beam 
current is substantially constant. 

4. A signal translating device in accordance 
with claim 2 wherein said body is of cadmium 
sulfide material. 5. A signal translating device comprising a 
wafer-shaped body of germanium material, a 
conductive metallic base connected to said body, 
a rectifying connection to said body at a region 
thereof spaced from said base connection, and 
means for directing an electron beam against the 
Surface of said body at a region in proximity to 
said rectifying connection. 

6. A signal translating device in accordance 
with claim 5, comprising a potential means bias 
ing said rectifying connection with respect to said 
base connection so that the ratio of the electron 
bombardment induced current of a semiconduc 
tive material to the electron beam current is sub 
stantially constant. - 

7. A signal translating device comprising a 
wafer-shaped body of Semiconductive material, 
a point contact bearing against one face of said 
-body, an ohmic connection to said body at a re 
gion spaced from said point contact, a utiliza 
tion circuit connected between said point contact 
and Said ohmic connection, a coating of phos 
phorescent material upon the opposite face of 
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said body, and means for projecting an electron 
bean aainst said phosphorescent coating. 

8. A signal translating device in accordance 
with claim 7 wherein said wafer-shaped body is 
of germanium material. 

9. A signal translating device in accordance 
with claim 7 wherein said body is of cadmium 
Sulfide material. 

10. In combination, a plurality of Switching 
circuits, each of said circuits having a switching 
device therein, each of said Switching devices 
comprising a wafer-shaped semiconductive body 
and contacts connected to said body, means to 
apply a potential to said contacts, an output cir 
cuit associated with each of Said SWitching Cir 
cuits, and means to selectively project an elec 
tron beam upon any one of Said bodies. 

11. A combination in accordance with claim 
10 wherein said body is of germanium material. 

12. A combination in accordance With claim 
10 wherein said body is of cadmium sulfide. 

i3. In combination, a plurality of input cir 
cuits, a plurality of output circuits, a plurality 
of Switching devices, one of said SWitching devices 
individual to each of said input and output cir 
cuits, a third circuit coupling all of said plurality 
of input circuits to all of said plurality of Out 
put circuits, each of said switching devices com 
prising a wafer-shaped semiconductive body 
having two contacts connected thereto, means to 
apply a potential across each of said Switching 
devices, a first means for selectively projecting a 
first electron bean on any of Said switching de 
vices associated with Said plurality of input cir 
cuits, and a second means for selectively project 
ing a second electron beam upon any of said 
switching devices associated with said plurality 
of output circuits. 

14. A combination in accordance With claim i3 
wherein Said Semiconductive body is of cadrium 
Sulfide material. 

15. In combination, a plurality of input cir 
cuits, a, plurality of output circuits, a plurality 
of Switching devices, each of said switching de 
vices coupled to one of said input and output 
circuits, a third circuit coupling all of Said Switch 
ing devices associated with said plurality of in 
put circuits to all of Said SWitching devices as 
Sociated With said output circuits, each of Said 
Switching devices comprising a thin wafer-shaped 
seniconductive body of germanium material hav 
ing two contacts connected thereto, means to ap 
ply a potential across the contacts of each of said 
Switching devices, a first means for selectively 
projecting a first electron beam on any of said 
switching devices associated with said plurality 
of input, circuits, and a second means for Selec 
tively projecting a Second electron beam upon 
any of Said SWitching devices aSSociated With Said 
plurality of output circuits so that any of said 
input circuits can be connected to any of said 
output circuitS. 

16. A time division multiplex circuit compris 
ing an input circuit, a plurality of output cir 
cuits, a plurality of Switching devices, one of said 
SWitching devices individual to each of Said out 
put circuits and connecting the associated out 
put circuit to Said input circuit, each of said 
switching devices being coupled to its associated 
Output circuit, means to selectively project an 
electron beam on any one of said switching de 
vices, each of said switching devices comprising 
a thin Wafer-shaped body of semiconductive ma 
terial having two electrical contacts connected 
thereto, means to apply a potential across each 
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of said switching devices, and means to synchro 
nize a Sweep of said electron beam with input 
Signals impressed on said input circuit. 

17. A signal translating device comprising a 
body of semiconductive material, electrical con 
nections to tWo spaced regions of Said body, a 
rectifying junction associated with said body in 
termediate said electrical connections, an output 
circuit connected to said connections, means for 
projecting an electron Stream against the Sur 
face of said body in proximity to said rectifying 
junction, means for varying the intensity of said 
electron stream, and means for applying a po 
tential in the non-conducting direction across 
Said rectifying junction. 

WILLIAM E. KTRKPATRICK. 
RAYMOND W. SEARS. 
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