
Sept . 11 , 1 9 7 3 D. M. W H I G H A M E T A L 

METHOD FOR PREPARING SOLAR CELLS 

F i l e d Aug. 13, 1970 

3,758,348 

arsenic t r i c h l o r i d e + 
h 2 o vapor + h 2 | 8 

FI6.I . 

g a l l i u m 
chlor ide 

and 
arsenic 
vapor 

g a l l i u m 
arsenide 
p e l l e t s 

0 
fl fl tffi R R 

4 0 36 34 

hydrogen + 
dopant vapor 
a t 700®c 

imicron 
i 30 32 38 4 , ° 20 hydrogen 

atmosphere 
a t 650°c 

F I G . 4 . 



United States Patent Office 3,758,348 
Patented Sept. 11, 1973 

3,758,348 
METHOD FOR PREPARING SOLAR CELLS 

Dale M. Whigbam, Ruffsdale, Pa., and Michael F. Amster-
dam, Stirling, N X , assignors to Westinghouse Electric _ 
Corporation, Pittsburgh, Pa. 

Continuation-in-part of abandoned application Ser. No. 
729,645, May 16, 1968. This application Aug. 13, 1970, 
Ser. No. 63,411 

Int. CI. HOlm 17/02; H011 7/44, 7/46 
U.S. CI. 148—175 1 Claim 10 

ABSTRACT OF THE DISCLOSURE 
This invention provides a process for making a solar 

cell. Material for the solar cell is deposited on the sub- 15 
strate. A wrap around electrical contact shunts or short 
circuits any P-N junction formed between the deposited 
material and the substrate but not the P-N junction with-
in the deposited material. The wrap around electrical con-
tact is alloyed to the substrate and to the deposited ma- 20 
terial at the same time that a diffusion is being carried 
out in the deposited material to form a P-N junction 
therein. 
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CROSS-REFERENCE TO RELATED APPLICATION 2 5 

This is a continuation-in-part of application Ser. No. 
729,645, filed May 16, 1968, now abandoned. 

BACKGROUND OF THE INVENTION 
This invention is directed to semiconductor devices in 

general and to solar cells in particular. 
DESCRIPTION OF THE PRIOR ART 

The invention is particularly adapted for use in the 3 g 
manufacture of solar cells of the type in which gallium 
arsenide is deposited epitaxially upon a germanium den-
dritic web. Previous attempts at manufacturing such de-
vices having resulted in P-on-N cells whose open circuit 
voltages were under 0.2 volt. As will be understood, the 40 
low circuit voltage results from an N-P junction formed 
at the gallium arsenide-germanium interface, regardless 
of the conductivity type of the germanium web substrate. 

An object of the present invention is to provide an 
improved method for manufacturing semiconductor de- 45 
vices, particularly gallium arsenide solar cells. 

Another object of the invention is to provide a solar 
cell wherein semiconductor material having a P-N junc-
tion formed therein is supported on a substrate for the 
purpose of increasing the overall length of the solar cell. 50 

Another object of the invention is to provide a solar 
cell wherein an undesirable P-N junction between the cell 
itself and a supporting substrate is short-circuited, there-
by increasing the power output of the cell. 

Still another object of the invention is to provide an 55 
improved method for producing solar cells wherein dif-
fusion of a dopant into the upper surface of a layer of 
semiconductor material and alloying of the metal coat-
ing on the substrate and surface metallic contacts are ac-
complished simultaneously. 80 

SUMMARY OF THE INVENTION 

In accordance with the present invention, the foregoing 
disadvantages of gallium arsenide-germanium solar cells 
are overcome by coating the edges and bottom surface of 65 
the solar cell with a noble metal incorporating an N-type 
dopant (for germanium) element which is present in an 
amount sufficient to insure the formation of an ohmic 
contact between the noble metal and the germanium sub-
strate. Thereafter, a dopant element is diffused into the 70 
gallium arsenide layer to provide an upper region having 
a conductivity type opposite to the conductivity type of 

2 
the lower gallium arsenide layer. In the diffusion proc-
ess, the noble metal and the germanium substrate mask 
the underside of the gallium arsenide layer such that the 
region of opposite conductivity type, a few microns in 
thickness, is at the top surface of the gallium arsenide 
layer only. 

The time and temperature employed in diffusing the 
dopant into the upper surface of the gallium arsenide sur-
face are sufficient to cause the noble metal coating to form 
an alloy with the germanium web substance with which 
it is in contact. Hence, diffusion and alloying are accom-
plished simultaneously. The noble metal coating extends 
over the undesirable P-N junction at the gallium arsenide-
germanium interface at the edges of the unit and short-
circuits the same; however, similar short-circuiting of the 
desired P-N junction formed in the gallium arsenide is 
prevented by beveling the upper edges of the coating to 
the extent that it will not bridge the desired P-N junction. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a schematic illustration of a preferred method 

for depositing a semiconductor layer on one surface of a 
substrate; 

FIG. 2 is a schematic illustration of the steps for car-
rying out the process of the invention; 

FIG. 3 is a plan view of a solar cell produced in ac-
cordance with the process of the present invention; 

FIG. 4 is a cross-sectional view, drawn on an enlarged 
scale and taken along the line TV—TV of FIG. 3, illus-
trating certain principles of the invention; and 

FIG. 5 is a schematic view further illustrating a com-
bined alloying-diffusion step employed in the process of 
the invention. 

DESCRIPTION OF PREFERRED EMBODIMENT 

Referring now to FIG. 1, apparatus is schematically 
illustrated for depositing a layer of semiconductor ma-
terial on a substrate web. As can be seen, a tube 10 is pro-
vided in which is placed gallium arsenide pellets 12. The 
tube 10 has an opening at its left end through which is 
introduced arsenic trichloride, H 2 0 vapor and hydrogen. 
The mixture passes through the tube 10 wherein a reac-
tion takes place producing gallium chloride and arsenic 
vapor which exits through an opening provided in the 
right end of the tube 10. 

The gallium chloride and arsenic vapor are introduced 
into epitaxial growth apparatus which includes a tube 14 
having a wafer 16 positioned therein on a quartz boat 
17. The wafer 16 is a segment of germanium dendritic 
web and serves as the substrate for the gallium arsenide 
epitaxial layer which is to be deposited. Surrounding the 
tubes 14 and 10 are resistance heater coils 18 which main-
tain the desired temperature gradient between source and 
substrate. The tube 14 is open at its right end and is pro-
vided with an opening on its left end through which the 
gallium chloride and arsenic vapor are introduced. 

These reaction gases, comprising gallium chloride and 
arsenic vapor flow through the tube 14, react on the sur-
face of the wafer 16, forming epitaxial gallium arsenide, 
and the other reaction products thereafter pass through 
the open or right end of the tube 14. The process is con-
tinued until from about 50 to 100 mils of N-type gallium 
arsenide have been deposited on the surface of the 
wafer 16. 

When the wafer 16 is removed from the tube 14, it will 
have a gallium arsenide layer 20 overlying the top sur-
face. 

Reference is now directed to FIG. 2 wherein the process 
steps necessary to complete the solar cell are illustrated. 
The wafer 16, with gallium arsenide layer 20, is first 
subjected to a coating step, Step A, wherein the sides and 
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bottom are coated with a noble metal. A coating 26 of 
noble metal is applied to the bottom face of the substrate 
16 and along all exposed edges of the substrate 26 and the 
gallium arsenide layer 20. The noble metal of coating 26 
is selected from the group consisting of gold and silver, 
and has dissolved therein an element selected from the 
group consisting of antimony, arsenic and phosphorus. 
This dopant element is present in an amount sufficient to 
insure the formation of an ohmic contact between the 
noble metal and the germanium substrate 16. The coating 
of noble metal may be applied, for example, by evapora-
tion in a vacuum. The coating step results in a unit, desig-
nated 22A, which comprises a gallium arsenide layer 20 
supported on a germanium web substrate 16 and having 
a coating of noble metal applied only to the bottom face 
of the substrate 16 and the edges of the substrate 16 and 
the gallium arsenide layer 20. In the unit 22A, the gal-
lium arsenide layer 20 has an exposed upper surface 28. 

In Step B, to be more fully described in conjunction 
with FIG. 5, the exposed upper surface 28 of the gallium 
arsenide layer 20 is exposed to a vaporized dopant which 
diffuses into the gallium arsenide layer 20 to a depth of 
about one micron and in sufficient quantity to overpower 
the original doping. Hence, an outer region 30 is provided 
having a conductivity type (in this case P-type) which is 
opposite to the conductivity type of the original gallium 
arsende layer 20. The result is a P-N junction 32 about 
one micron below the exposed surface 28 of the gallium 
arsenide layer 20. This dopant is preferably selected from 
the group consisting of zinc, cadmium and magnesium. 

The process by which the dopant is diffused into the 
exposed surface 28 of the gallium arsenide layer 20, also 
causes the noble metal coating 26 to form an alloy with 
the germanium web substrate 16 with which it is in con-
tact. Hence, in Step B, diffusion of the dopant and alloy-
ing of the noble metal coating 26 are accomplished simul-
taneously. Furthermore, the noble metal coating 26 and 
arsenide layer 20. This dopant is preferably selected from 
the substrate 16 mask the gallium arsenide layer 20 
whereby only the upper surface 28 of the gallium ar-
senide layer 20 is subjected to the diffusing dopant. 

In Step C, a solder or grid preform 34 is applied to 
the upper region 30 and fused thereto by conventional 
methods. 

In Step D, the noble metal coating 26 is removed from 
the upper edge of the unit 22A, for example, by lapping 
a bevel 36 completely around the periphery of the unit. 
In this manner, the noble metal coating 26 is removed to 
the extent that it will not affect the desired P-N junction 
32 formed between the outer region 30 and the remainder 
of the gallium arsenide layer 20. It will be noted, however, 
that the noble metal coating 26 does extend across an 
undesirable junction 38 formed at the interface of the 
gallium arsenide layer 20 and the germanium web sub-
strate 16 and, therefore, this junction 38 is shunted or 
short circuited. 

Reference is now directed to FIGS. 3 and 4 wherein 
there is illustrated a typical solar cell 40 formed by the 
above-described process. The solar cell 40 is generally 
rectangular in shape and has the solder preforms 34 fused 
to the upper surface thereof. As can best be seen in FIG. 
4, the germanium web substrate 16 has a thickness in the 
range of from about 125 to 250 microns. The gallium 
arsenide layer 20 has a thickness in the range of from 
about 50 to 100 microns, while the outer region 30, pro-
vided by the diffused dopant, penetrates the gallium ar-
senide layer 20 to a depth of about 1 micron. The noble 
coating 26 has a thickness of about 1 to 5 microns. 

As a specific example of a solar cell produced by the 
method of the present invention, the various regions of 70 
the solar cell 40 (FIG. 4) have been labeled. The ger-
manium web substrate 16 is N-type. The gallium arsenide 
layer 20 is preferably an N-type. The dopant diffused into 
the upper surface of the gallium arsenide layer 20 to 
provide the outer region 30 converts the outer region 30 to 75 
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a P-type conductivity. Therefore, the /unction 32 between 
the outer region 30 and the remainder of the gallium 
arsenide layer 20 is a P-N junction. The junction 38 
formed at the interface of the gallium arsenide layer 20 
and the germanium web substrate 16 is an N-P junction, 
such being the case regardless of the original conductivity 
type of the substrate. The element dissolved in the noble 
metal coating 26 is selected from the group consisting of 
antimony, arsenic and phosphorus. The element is present 
in the coating 26 in an amount sufficient to insure the 
formation of an ohmic contact between the coating 26 
and the germanium substrate 16. 

As can best be seen in FIG. 3, the bevel 36 is provided 
along the entire upper edge of the solar cell 40. As illus-
trated in FIG. 4, the noble metal coating 26 does not ex-
tend across and therefore does not affect the desired P-N 
junction 32. The noble metal coating 26 does, however, 
extend across the undesired N - P junction 38 and short-
circuits the same. Thus, when a plurality of the solar cells 
40 are connected in series, for example, to generate power, 
current flow will be from the noble metal coating 26 into 
the gallium arsenide layer 20 and across the P-N junction 
32 into the outer region 30. In the absence of the noble 
metal coating 26 an opposing current would be set up 
across the N-P junction 38 which would lower the power 
output of the solar cell. In the solar cell 40, however, the 
noble metal coating 26 shortcircuits or shunts the N-P 
junction 38 nullifying the effects of the opposing current. 
The noble metal coating 26 does not, however, extend 
across the desired P-N junction 32 and hence does not 
affect the flow of current thereacross. 

Reference is now directed to FIG. 5 wherein the com-
bined diffusing-alloying operation, that is, step B of FIG. 
2, is more fully illustrated. Initially, a pattern of grooves 
42 is sandblasted in the exposed surface 28 of the gallium 
arsenide layer 20 using a metallic mask 44, as illustrated 
in Bj of FIG. 5. The unit 22A is then subjected to a 
plurality of etches, of short duration, in a suitable etching 
solution each of hydrofluoric acid, acetic acid and nitric 
acid present in the volume ratio of 4:2:1, respectively. 
Using the metallic mask 44, a grid pattern 46 (shown in 
B2 of FIG. 5) is applied to the grooves 42, preferably by 
evaporation in vacuum, using a silver-zinc alloy contain-
ing, for example, 20% by weight of zinc in silver. 

As shown in step B3, the unit 22A is then placed in a 
vessel 48 containing a hydrogen atmosphere. The unit 
22A as well as the hydrogen are preheated to 650° C. 
for about four minutes at which time a powdered dopant 
selected from the group consisting of zinc, cadmium and 
magnesium, is introduced into a separate 700° C. zone 
(not shown). Hydrogen is then caused to flow through the 
700° C. zone into the vessel 48. The hydrogen picks up 
dopant vapor in the 700° C. zone and carries the same 
into the vessel 48 at which time a portion of the dopant 
diffuses into the upper surface 28 of the gallium arsenide 
layer 20. The diffusing time ranges from about 1 minute 
to about 5 minutes and results in a junction depth of 
the order of 1 micron. 

As stated above, the noble metal is selected from the 
group consisting of gold and silver. The eutectic of gold 
and germanium occurs at 398 ° C. for twelve weight per-
cent germanium and eighty-two weight percent gold. The 
eutectic of silver and germanium occurs at 651° C. for 
19 weight percent germanium and 81 weight percent silver. 
Hence, the time and temperature employed for diffusion 
of the dopant, has been found to be sufficient to simul-
taneously cause alloying of the noble metal with the ger-
manium web substrate 16. Therefore, the process of the 
invention combines into one step that which has pre-
viously required two separate steps. 

It is important to note that the noble metal coating 26 
serves also to mask the edges of the gallium arsenide layer 
20 from reaction with the diffusing dopant. At the com-
pletion of the combined diffusing-alloying operation, the 
unit 22a will, as illustrated in Step B of FIG. 2, have the 
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outer region 30 into which the dopant is diffused and the 
desired junction 32. 

It is to be understood that the simultaneous diffusion 
of impurities to form the surface layer 30 and alloying 
of ohmic contact 46 to surface layer 30 may be performed g 
independently of the alloying of layer 26. The metal for 
contact 46 should alloy with the semiconductor at the 
diffusion temperature. It should have an alloying tempera-
ture within no more than 50° C. below the diffusion tem-
perature to avoid fusion of metal completely through xq 
the diffused surface layer. The silver-zinc alloy employed 
in the above example alloys to GaAs at or slightly less 
than 650° C. Suitable metals may be selected for use as 
surface contacts on other semiconductor materials that 
permit simultaneous diffusion and alloying to the diffused ĝ 
region. Following the alloying and diffusion operation, 
the conductivity of the contact 46 may be improved by 
application of a solder layer 34 as shown in FIG. 2C. 

Although the invention has been shown in connection 
with one specific example, it will be readily apparent to 20 
those skilled in the art that various changes may be made 
to suit requirements without departing from the spirit and 
scope of the invention. 

What is claimed is: 
1. In the method of manufacturing solar cells wherein a 25 

layer of semiconductor material of one conductivity type 
is deposited on a face of a substrate formed from a dif-
ferent semiconductor material, the improvement com-
prising: coating the exposed surfaces of said substrate 
and only the edges of said layer with an electrically con- 30 
ductive material, said electrically conductive mate-

rial being a material selected from the group con-
sisting of silver and gold, and having incorporated 
therein a dopant element in an amount sufficient to insure 
the formation of an ohmic contact between said electrical-
ly conductive material and the semiconductor material 
of said substrate, said dopant element being a dopant 
selected from the group consisting of antimony, arsenic 
and phosphorus, diffusing a dopant element into the ex-
posed surface of said layer so as to form in said layer 
inner and outer regions of opposite conductivity types 
and a P-N junction at an interface between said inner 
and said outer regions while simultaneously alloying said 
electrically conductive material and said substrate in their 
region of contact; and removing a peripheral portion of 
said electrically conductive material from the upper edges 
of said layer to an extent to prevent shunting of the P-N 
junction formed between said inner and outer regions of 
said layer by said electrically conductive material. 
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