
Feb. 16, 1954 

2 21-42 

3. 

JA9QESI PANTCHECHNIKOF 
NOW BY CHANGE OF NAME F 2,669,663 
JACQUES ISAAC PA SEMICONDUCTOR pf:SENSYS, 

Filed Nov. 30, 95. 

6 

N6E ZzH2S N Z2 N 
2 NS3 % 2 

% 
s % 

24 

il. 4. 
26 

Artisavaavva Ayaataas 
ZAZaaaaaa2A.ZZZZZZZZZAAAAAA 

3.2els 3 

N 3 ||3 

40 

f 

s 

24. 

CU/ARAW/ 

Fil. 3. 
NVNOR 

JALQUES I. PANTLHECHNIKOFF 
BY how 4. 

AORNEY 

  

  

  

  



Patented Feb. 16, 1954 

2,669,663 

sEMICONDUCTOR PHOTOCONDUCTING 
. . . . . . . . . . . . . . . . DEVICE 

Jacques I. Pantehechnikoff, now by change of 
name Jacques Isaac Pankove, Princeton, N.J., 
assignor to Radio Corporation of America, a 
corporation of Delaware 

Application November 30, 1951, Serial No. 259,233 

2,669,663 

UNITED STATES PATENT OFFICE 

This invention relates to an improved device 
including a photocell of the type which comprises 
a body of semi-conducting material having a 
light-transmitting film of metal on a surface 
thereof. More particularly, the invention relates 
to a device including, a photoconducting cell of 
this type. 

It has been known that photovoltaic cells can 
be made by etching a surface of a body of a semi 
conducting material such as highly purified ger 
manium and depositing a thin, light-transmitting 
film of any one of a number of metals on the 
etched surface. The metals that have been found 
to give best results for the light-transmitting 
film are gold, copper, and nickel. These have 
previously been disclosed in a copending applic 
cation of Jacques Pantchechnikoff, Serial No. 
231,195, filed June 12, 1951. 

It has now been found that a device having 
excellent photoconducting properties can be made 
by using films of antimony, bismuth, or beryllium 
and applying a bias voltage between the film and 
the body of semi-conducting material. 
One object of the present invention is to pro 

vide an improved device which includes a pho 
toconducting cell. 
Another object of the invention is to provide 

a photoconducting device which is relatively sim 
ple in construction. 
Another object of the invention is to provide 

an improved photoconducting device which is 
rugged in construction and stable in operational 
characteristics. 
Another object of the invention is to provide 

an improved photodevice having photoconduct 
ing properties when a bias voltage is employed. 

. These and other objects will be more apparent 
and the invention will be more readily under 
stood from the following detail description and 
the accompanying drawing of which: 

- Figure 1 is an elevation cross-section view of 
One form of photocell that can be used in the 
device of the present invention, 
Figure 2 is a schematic diagram of a circuit 

arrangement used with a photocell such as shown 
in Figure 1 to make up a device in accordance 
with the present invention, 

Figure 3 is a graph having curves to show 
comparison between currents in the dark and in 
the light, with different bias voltages applied, 
in a device of the present invention, and 

Figure 4 is a view similar to that of Figure 1, 
of another embodiment of a photocell that can 
he used in the device of the present invention. 

Referring now to Figures 1 and 2, a specific 

s O 

30 

5. 

55 

7 Claims. (CI. 250-211) 
2 

embodiment of a device constructed in accord 
ance with the principles of the present inven 
tion comprises a photocell which includes a body 
2 of germanium semi-conducting material em 
bedded in a block 4 of material such as polysty 
rene or other good insulating material. The body 
of semi-conducting material is embedded in a 
manner Such that one of its faces 6 is exposed. 
To another surface 8 of the semi-conducting body 
an electrode 0 is soldered. This electrode may 
be a nickel stud, for example. 
A second electrode 2 is provided in the form 

of a metal cylinder surrounding and concentric 
with the semi-conductor body 2 and the stud 
D. The inner walls of the cylinder are spaced 

from the semi-conductor body. 
A thin, light-transmitting film of metal 4 is 

deposited on the exposed face 6 of the semi-con 
ducting body and across the end of the block of 
insulating material to the cylindrically shaped 
electrode 2. In this case the metal should pref 
erably be beryllium, antimony or bismuth for it 
has been found that when any of these metals 
is used, the cell acquires photoconducting prop 
erties in the presence of a biasing voltage. It 
has also been found that cells including any of 
these three metals as the light-transmitting film 
do not exhibit photovoltaic properties. The 
metal may be deposited by well known vapor de 
position techniques in vacuo. The thickness of 
the metal coating may vary considerably but is 
preferably such that about 10 to 40% of the 
incident light is transmitted. Ohmic resistance 
of the film should preferably be about 500 ohms 
per square. . 
As previously disclosed in the aforementioned 

co-pending application Serial No. 231195 it is 
advantageous to provide a contact electrode in 
o!"der to provide a better electrical path between 
that part of the metal film is overlying the semi 
conductor body ? and the end of the cylindrical 
electrode 2. The contact electrode may com 
prise a ring is of silver paste deposited around 
the edge of the metal film & such that it over 
laps both the semi-conductor body and the cylin 
drical electrode. 
Before depositing the metal film on the ex 

posed surface of the semi-conductor body, this 
Stilface should be ground smooth and etched. 
25ching may be carried out using any one of a 
it:mber of conventional etching solutions which 
have new ecoille We known for preparing ger 
nanium surfaces to he used in rectifiers or an 

plifiers. One ex3mple of such a solution com 
prises 4 parts by volume of hydrofluoric acid 
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(48% reagent), 2 parts by volume concentrated 
nitric acid, 4 parts by volume distilled Water, 
and 200 milligrams cupric nitrate per 10 cc. of 
solution. Etching may be carried out Within a 
period of or 2 minutes. 
So called N- or P-type semi-conducting nar 

terial may be used in the photocell which forms 
a part of the present invention. If germanium 
is used, the germanium must, of course, he high- . 
ly purified. Such that it has considerably less than 
1.% residual inpurities and may be made either 
N- or P-type by “doping” with the necessary 
elements in very Small announts. For example, 
to obtain N-type germaniuim, tin or arsenic may 
be added as a donor and, to obtain P-type ger 
manium, aluminuin may be used as the additive, 
Referring to Figure 2, if N-type germanium is 

used, a Source of D.-C. biasing Voltage is con 
nected across the electrodes and 2. Such that 
the Surface film 4 is negative With respect to : 
the semi-conductor body 2. The source of bias. 
ing voltage may comprise a low voltage bat 
tery 8. 
The device may also include a pair of output 

leads 29 and 22 connected to electrodes and 
2 respectively. An output impedance 24 may 
be connected across these leads. 

In order to utilize the device of the present 
invention, the output leads are connected to any 
Suitable utilization circuit, Such as a light-indi 
cating meter, for example, and light is direct 
ed through the central portion of the light-trans 
mitting film overlying the semi-conductor body, 
as indicated by the arrows of Figure 2. As shown 
in Figure 3, when using a typical cell prepared 
as described, as the biasing voltage is increased 
from about 0.1 of a Wolt to about 1.5 VoltS, CUr 
rent in the forward direction is considerably in 
creased for the illuminated condition (curve A) 
as compared to the dark condition (curve B). 
Magnitude of forward current when light is 
applied depends upon the area, illuminated and 
the internal resistance of the photocell. 

Eaccomple 

A cell of the type shown in Figure i was made 
up using a film of antimony on a body of 
N-type germanium semi-conducting material. 
The thickness of the antimony film Was Such 
that about 11% of the incident light was trans 
mitted. Resistance of the film was 160 ohms 
per square. Using a 40 Watt, ii.0 volt Mazda, 
lamp the film was positioned so that it was 11 
cm. from the center of the bulb. This cell 
delivered 0.3 millianap. current per Sq. milm. area. 5 
of surface when the bias voltage was about 0.5 
volt. 
To provide increased sensitivity, the device of 

the present invention may be modified by using 
a slightly different type of photocell. Referring 
to Figure 4, the modified photocell may com 
prise the same general parts, i. e., a body 2 of 
semi-conducting germanium embedded in a block 
of synthetic resin is, one electrode consisting of 
a nickel stud it soldered to one surface of the 
semi-conductor body, and second electrode 2 
of cylindrical form surrounding but not touch 
ing the semi-conductor. In this case, however, 
the film 26 of antimony, bismuth, or beryllium is 
much thinner than in the first embodiment de 
scribed. 
about 40-90% of incident light. The electrical 
conductivity of a film of this type is usually very 
poor, however. To increase the conductivity a 
film 28 of copper or nickel is deposited over the 

It may be made so thin as to transmit 

5 

4. 
first film. This film may also be applied by dep 
osition from metal vapor, the metal having 
been vaporized in vacuo. The combined film 
thickness is preferably such as to permit about 
30-40% light transmission. This type of COm 
posite film has higher electrical conductivity 
than one of the same thickness composed en 
tirely of antimony, bismuth, or beryllium. 
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Of the three elements antimony, bismuth, and 
beryllium, which have been found to produce 
photoconductive type cells when deposited on 
a barrier layer type Semi-conductor Such as 
germanium, antimony and bismuth are pre 
ferred. Photoconductivity is relatively weaker 
in the case of beryllium. By barrier layer type 
semi-conductor is meant a Semi-conducting ma 
terial capable of forming a barrier layer at a 
surface thereof. 
Warious modifications can be made in the de 

vices which have been described without depart 
ing from the Spirit of the invention. . . For ex 
ample, any convenient arrangement of electrodes 
may be utilized, that illustrated being merely 
one form which has been found both simple and 
eficient. 

Instead of germanium any other Surface barrier 
layer forming Semi-conductor, Such as silicon, 
may be used. 
In connecting up the photocell With the Source 

of bias Voltage, if P-type Seni-conducting mate 
rial is used, the metal film should be -- with 
respect to the semi-conductor body. 
Any good insulating material that can be mold 

ed readily can be used as the medium in which 
the semi-conductor is embedded. Examples of 
suitable materials are polystyrene, cellulose 
esters and ethers, vinyl resins and acrylic acid 
derivative resins. It is also possible to omit the 
embedding material entirely since it does not 
contribute to the photoelectric properties of the 
device. If the embedding material is onitted, 
the metal film is deposited on the prepared Sur 
face of the semi-conductor body and contact 
made to the film with a wire. 
What is claimed is: 
1. An electrical device comprising a body of 

semi-conducting material capable of forming a 
barrier layer at a surface thereof and having on 
said Surface a, Semi-transparent film of a metal 
from the class consisting of antimony, bismuth, 
and beryllium, an electrode in contact with said 
body, another electrode in contact with said film, 
a Source of bias Voltage and nea.ins connecting 
Said Source across Said electrodes. 

2. A device according to claim 1 in which said 
semi-conducting material is germanium. 

3. An electrical device comprising a body of 
N-type semi-conducting material having on a 
surface thereof a light transmitting film of a 
metal from the class consisting of antimony, 
bismuth, and beryllium, an electrode in contact 
With Said body, another electrode in contact with 
said film, a source of bias voltage, and means 
connecting Said Source to said electrodes Such 
that said film is negative with respect to said 
body. v. 

4. An electrical device comprising a body of 
Semi-conducting material capable of forming a 
barrier layer at a surface thereof, a light-trans 
mitting film of a metal from the ciass consisting 
of antimony, bisimuth, and beryllium on said 
surface of said material, and means for applying 
a bias voltage between said body and said film. 

5. An electrical device comprising a body of 
semi-conducting material having on a surface 

y 
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thereof a first semi-transparent film of a metal 
from the class consisting of antimony, bismuth, 
and beryllium, a Second Semi-transparent film of 
a metal from the class consisting of nickel and 
Copper Superimposed on said first film, an elec 
trode in contact with said body, and another elec 
trode in contact with said second film. 

6. A device according to claim 7 in which said 
Semi-conducting material is germanium. 

7. An electrical device comprising a body of 
Semi-conducting material having on a surface 
thereof a first semi-transparent film of a metal 
from the class consisting of antimony, bismuth, 
and beryllium, a second semi-transparent film of 

6 
a metal from the class consisting of nickel and 
Copper Superimposed on Said first film, and means 
for applying a bias voltage between said body and 
Said films. 

JACQUES I. PANTCHECHNIKOFF. 
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