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(C. 136-89) 24 Clains. 
This invention relates to photoelectric cells 

and particularly to photoelectric cells of the 
barrier layer or current-generating type. 
The prior practice in the manufacture of both 

copper oxide and selenium photocells has been 
to form the barrier layer between the photo 
Sensitive material and the outer electrode as a 
plane surface. . The present invention contem 
plates a deliberate deformation of the barrier lay 
er to increase the total effective area of the photo 
cell, thereby to increase the current output, to 
control the relative sensitivity of the cell to light 
rays approaching from different directions and/or 
to obtain other advantages. In the case of cop 
per oxide photocells, the desired surface con 
figuration is secured by die stamping the copper 
blank prior to the formation of the light sensitive 
oxide layer and the outer electrode. With 
selenium photocells, the non-planar surface is 
obtained by pressing the thin selenium layer that 
is applied to the back or base electrode. 

Objects of the invention are to provide meth 
ods of manufacturing photocells, and photocells, 
having nbn-planar interlayer or barrier layer 
Surfaces at which the electric current is gener 
ated by the incident radiations. An object is 
to provide photocells with either symmetrically 
or non-symmetrically ridged or corrugated sur 
faces to increase the photocell sensitivity to ra 
diations approaching along an axis, normal to 
the general plane of the photocell or from a 
direction inclined to that axis. An object is to 
provide a photocell having a hon-planar active 
Surface, and more particularly a photocell in 
cluding a light sensitive selenium layer upon the 
plane surface of a back electrode, the selenium 
layer being of increased thickness at the por 
tions thereof that are to receive a sprayed-on 
metallic current collector. A further object is to 
provide a photoelectric cell of the selenium type 
in which the selenium layer has a non-planar 
Outer surface including ridge portions that are 
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not covered by the applied outer electrode, the 
ridge portions constituting a baffle for limiting 
the acceptance angle of the photocell. 
These and other objects and advantages of 

the invention Will be apparent from the follow 
ing specification when taken with the accom 
panying drawing in which: , 

Fig. 1 is a plan view of a Selenium type photo 
electric cell embodying the invention; 

Fig. 2 is a-section through the same on the 
plane indicated by the line. 2-2 of Fig.1, the 
thickness of each component layer being exag 
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gerated and not to scale for clarity of illustra 
tion; 

Fig. 3 is a similar section through another 
embodiment of the invention; 

Fig. 4 is a plan view of another embodiment 
of the invention; and 

Fig. 5 is a transverse section through the sam 
on the plane of line 5-5 of Fig. 4. A. 
The invention will be described in detail with 

reference to selenium type photocells that com 
prise a back electrode of iron or an iron alloy, a 
relatively thin layer of selenium on the back elec 
trode, and an outer, translucent electrode layer 
of metal or metals that may be applied by a 
sputtering process. As noted above, the draw 
ings are not to scale as it is not possible to illus 
trate the actual relative thicknesses of the three 
essential layers in a transverse section of Small 
size. 

In Figs. 1. and 2, the reference numeral 
identifies the back electrode that may be stamped 
from a thin iron or iron alloy plate in the usual 
manner. The layer 2 of selenium has a plane 
lower surface in contact with the plane unbroken 
surface of the back electrode but the selenium 
layer 2 differs from prior practice in that its 
outer surface is not planar but is ribbed or cor 
rugated to increase the total surface area pre 
sented towards the incident radiations. As illus 
trated, the base electrode is circular in outline, 
and the outer surface of the major portion of the 
selenium layer is circumferentially grooved or, as 
viewed in transverse section along a diametrical 
plane, is of undulating or substantially sine wave 
form. The peripheral edge portion 3 of the 
selenium is relatively thick, for reasons that will 
be explained later, and a number of radial grooves 
or ribs 4 extend from the thick edge portion 3 to 
the Small central area 5 that is depressed, as 
shown, or alternatively is elevated above the 
medial plane of the circumferentially grooved 
portion of the selenium. This central area 5 may 
be embossed or indented with an identifying 
symbol 6 that may be a type identification or 
the manufacturer's trade-mark. . 
An annulus of a soft metal or alloy is pref 

erably sprayed upon the thickened rim portion 
3 of the selenium layer before the translucent 
outer electrode layer 8 is applied by sputtering 
or in any other desired manner. The electrode 
layer is of molecular or approximately molecular 
thickness. 
The initial steps in the manufacture of photo 

cells embodying the invention may conform to 
present practice. The selenium may be placed on 

  



the base electrode in powder or pill form, and 
the assembly heated to the melting point of the 
selenium to effect a flow of the selenium Over 
the surface of the base electrode. The thick 
ness of the selenium layer at this stage may be 
of the order of a few thousandths of an inch. A 
die of desired irregular or non-planar surface 
configuration is then pressed upon the selenium 
layer and the assembly is heated to a tempera-. 
ture somewhat below the melting point of the 
selenium to form the cell unit under heat and 
pressure. The unit is light sensitized at the com 
pletion of the forming operation, and the cur 
rent collector ring and electrode layer 8 are 
then applied. 

It will be apparent that the area of the irregul 
lar surface of the photocell is substantially larger 
than the area of a photocell of the same dimen 
sions and of the conventional flat surface type, 
and that the current output for a given illumina 
tion is thereby increased. The shape and dimen 
sions of the surface irregularities may be varied 
as desired in accordance with the desired photo 
cell characteristics. The thickness of the se 
lenium layer 2 may be, for example, about 0.001 
inch at the thinner sections and about 0.020 inch 
at the ribbed or thicker sections. 
The flat radial grooves or ribs 4 provide chan 

nels of low electrical resistance from the interior 
portion of the photocell to the Outer edge por 
tion to which a terminal connection is to be 
made. The translucent electrode layer is of rel 
atively high resistance and the current developed 
at the center of the photocell would be forced to 
travel up and down the undulating electrode 
layer 8 to reach the cell periphery if the shorter 
length channels were omitted. 
The grooves of the irregular photocell surface 

may be filled with a transparent lacquer or resin 
9 that reinforces the cell structure and increases 
the total current output by a reflection of the 
radiations from one surface or slope of the photo 
Cell ridges to another. 
The additional thickness of the selenium layer 

3 at the cell periphery reduces the possibility of 
a short-circuiting of the cell by a penetration of 
the sprayed current collector through the se 
lenium layer, and increases the internal resist 
ance of the cell. - 
The dimensions and shape of the non-planar 

elements of the selenium layer may be varied in 
accordance with the desired characteristics of 
the cell. As shown in Fig. 3, the outer surface of 
the selenium layer 2a may comprise sets of plane 
surfaces of different widths that are angularly 
arranged and non-Symmetrical with respect to a 
plane normal to the Enean surface of the selenium 
surface. A photocell with a saw-toothed surface 
of this type will have a maximum response to 
those rays, as indicated by the arrows a, that are 
substantially normal to the larger area elements 
of the non-planar surface. The directional sensi 
tivity of the photocell may be controlled by an 
appropriate design of the non-symmetrical ridges 
and grooves of the selenium layer. This form of 
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the invention is well adapted for use in illumina 
tion controlling systems in which lights are to 
be turned on when the solar illumination falls 
below some selected value. The photocell may 
be arranged vertically in a protective housing 
and have the “northern sky' sensitivity that was 
previously obtained by tilting the photocell. 

Furthermore, the non-planar selenium laser may be shaped to provide a self-contained attle 
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for limiting the acceptance angle of the photo 
cell. In the embodiment shown in Figs. 4 and 5, 
the selenium layer 2b is die pressed during the 
forming operation to provide upstanding ridges 
i2 of generally hexagonal contour, as viewed in 
plan, but with gaps 4 in the ridges or hexagonal 
compartment walls. The translucent electrode 
layer 8a is not applied to the sides and tops of 
the ridges but overlies the bottom of each hex 
agonal well and is continuous through the gaps 
4 to form. low resistance connections between 
the electrode layers within the hexagonal Com 
partments and the electrode layer that extends 
over the current collector ring 7. The dimen 
sions of the ridges 2 may be such as to provide . 
the desired acceptance angle limitation or to co 
operate with superposed optical or mechanical 
baffle members, not shown, of small thickness, 
to establish the desired acceptance angle of the 
photocell. 

Photocells or photocell assemblies have been 
proposed in which selenium layers of uniform 
thickness were applied to a back electrode or elec 
trodes of non-planar form but it is broadly new, 
so far as now known, to impart a non-planar sur 
face configuration to the outer surface of the 
thin layer of selenium or other photosensitive 
material on a flat plate back electrode. It is 
therefore to be understood that the invention is 
not limited to the particular embodiments herein 
shown and described, and that various changes 
that may occur to those skilled in the art fall 
within the scope of my invention as set forth 
in the following claims. 

I claim: 
i. A current generating photocell of the type 

comprising a back electrode, a layer of photo 
sensitive material on said back electrode, and a 
translucent electrode overlying the photosensitive 
material layer, characterized by the fact that 
the Outer surface of the photosensitive material 
layer is non-planar. 

2. A current generating photocell as recited 
in claim 1, wherein the non-planar outer surface 
of the photosensitive material layer is undulat 
ing as viewed in transverse section, 

3. A current generating photocell as recited 
in claim i, wherein the non-planar outer sur 
face of the photosensitive material layer is un 
dulating and of approximately sine wave form 
as viewed in transverse Section. 

4. A current generating photocell as recited 
in claim l, wherein the non-planar Outer surface 
of the photosensitive material layer is constitut 
ed by narrow angularly arranged plane surface 
elements. 

5. A current generating photocell as recited 
in claim 1, wherein the non-planar outer sur 
face of the photosensitive material layer is con 
stituted by narrow angularly arranged plane sur 
face elements, the adjacent surface elements 
being arranged non-symmetrically with respect 
to a plane normal to the mean plane of the irreg 
ular surface of the photosensitive material layer. 

6. In a photoelectric cell, a plane surfaced back 
electrode, a layer of photosensitive material 
upon the plane surface of said back electrode, 
and an Outer electrode layer upon the photo 
Sensitive material layer, the boundary surface 
between said photosensitive material layer and 
said outer electrode layer being non-planar, 

7. In a photoelectric cell, the invention as 
recited in claim 6 wherein the non-planar outer 
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surface of said photosensitive material layer is 
impressed with ribs and grooves. 

8. In a photoelectric cell, the invention as re 
cited in claim 6 wherein the non-planar outer 
surface of said photosensitive material layer is . 
impressed with ribs and grooves having surfaces 
non-symmetrical with respect to a plane normal 
to the mean plane of the irregular surface of 
the photosensitive material layer. 
19. In a photoelectric cell, a back electrode, 

a layer of photosensitive material on said back 
electrode, the outer surface of said layer being 
ribbed and having plane-surfaced strips extend 

3 
non-planar layer of photosensitive material on 
said base electrode, said non-planar surface be 
ing defined by upstanding ridges forming the 

5 
walls defining a series of compartments with 
gaps in the ridges, and a translucent electrode 
layer extending over the bottons of the con 
partments and through the gaps of said ridges, 

10 
the sides and tops of the ridges being free from 
said electrode layer to form baffles for determin 
ing the acceptance angle of the cell. m 

18. In a photoelectric cell, a back electrode, a 
layer of photosensitive material on said electrode 

... and having a ribbed outer surface, a translucent 
ing across the ribs, and a translucent electrode . 
layer extending over said photosensitive material 
layer. 

10. In a photoelectric cell, a back electrode, 
a layer of photosensitive material on said back. 
electrode, said layer having an identifying, de 
sign impressed thereon, and a translucent outer : 
electrode layer extending over said photosensitive 
material layer. In 

11. In a photoelectric cell, the invention as 
recited in claim 10, wherein said design is im 
pressed upon a portion of the outer surface of 
said photosensitive material layer, and the re- - 
maining portion of said surface is non-planar. 

12. In a photoelectric cell, the invention as 
recited in, claim 10, wherein said design is im 
pressed upon a portion of the outer surface of : 
said photosensitive material layer, and the re- . 
maining portion of said surface is ribbed. 

13. In a photoelectric cell, a back electrode 
with a plane unbroken upper surface, a layer 
of selenium on said surface and thickened at : 
the periphery thereof, a current collector sprayed 
upon said thickened periphery of the selenium 
layer, and a translucent electrode layer over 
lying said selenium layer and the current col 
lector. - . 

14. In a photoelectric cell, the invention as 
claimed in claim 13 wherein the outer surface 
of the selenium layer is of irregular configura 
tion with narrow plane-surfaced strips extending 
across the non-planar surface. . . . . . 

5. In a photoelectric cell, the invention as 
claimed in claim 13 wherein the Outer surface 
of the selenium layer is of irregular configura 

electrode layer over, said photosensitive material 
layer, and transparent material filling the 
grooves of the photocell. . . . . 

19. In the manufacture of a photoelectric cell 
of the type including a layer of photosensitive 
material between a back electrode and an outer 
translucent electrode, the method of increasing 
the photocell output at a given illumination 
which comprises shaping the boundary between 
said photosensitive material and said translucent 
layer as a non-planar surface. 

20. The process of making a photoelectric cel 
that comprises applying a layer of selenium to 
a flat back electrode, die shaping the selenium 
layer to impart to the outer surface thereof a 
non-planar configuration, and applying a trans 
lucent electrode layer to the irregular outer sur 
face of the selenium layer. - 

21. The process of making a photoelectric cell 
that comprises applying a layer of selenium to 
a flat back electrode, die shaping the selenium 
layer to form a thickened portion at the periph 
ery thereof, and applying, an outer translucent 
electrode layer over the selenium layer. 

22. The process of making a photoelectric cell 
that comprises applying a layer of selenium to 
a flat back electrode, die shaping the selenium 
layer to form a thickened portion at the pe 

tion with a depressed central portion and a . 
ribbed portion extending from the depressed 
central portion to the thickened periphery. 

16. In a photoelectric cell, the invention as 
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claimed in claim is wherein the outer surface 
of the selenium layer is of irregular configura 
tion with a depressed central portion and a 
ribbed portion extending from the depressed 
central portion to the thickened periphery, said 
central portion being impressed with ah iden 
tifying symbol. . 

17. In a photoelectric cell, a base electrode, a 

riphery thereof, spraying metal upon the thick 
ened outer portion of the selenium layer, and 
applying a translucent electrode layer over the 
selenium and the sprayed-on metal. 

23. In the manufacture of a photoelectric cell, 
, the process which comprises forming on a back 
electrode a layer of light sensitive material with 
upstanding ridges defining compartments and 
applying an outer electrode layer to the bottoms 
of the compartments. . . . - - - - 

24. In the manufacture of a photoelectric cell, 
the process which comprises forming on a back 
electrode a layer of light sensitive material with 

55 upstanding discontinuous ridges defining Com 
partments communicating through the gaps in 
the ridges, and applying an outer electrode layer . 
to the bottoms of the compartments and the 
gaps in said ridges. 

. . ANTHONY H. LAMB. 


