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57 ABSTRACT 
A back surface point contact silicon solar cell having 
improved characteristics is fabricated by hydrogenating 
a silicon-silicon oxide interface where hydrogen atoms 
are diffused through silicon nitride and silicon oxide 
passivating layers on the surface of a silicon substrate. 
In carrying out the hydrogenation, the substrate and 
passivation layers are placed in a hydrogen atomsphere 
at an elevated temperature of at least 900 C. whereby 
hydrogen atoms diffuse through the two passivation 
layers. Self-alignment techniques are employed in form 
ing small-geometry doped regions in the surface of the 
silicon substrate for the p-n junctions of the solar cell. 
Openings are formed through the passivation layers to 
expose first surface areas on the substrate, and a doped 
silicon oxide layer is then formed over the passivation 
layers and on the exposed surface areas. Portions of the 
first doped layer on the two passivation layers are re 
moved and then second portions of the two passivation 
layers are removed, thereby exposing second surface 
areas. A second doped silicon oxide layer is then formed 
over the passivation layers and on the second exposed 
surface areas. Dopants from the two doped silicon oxide 
layers are then diffused into the first and second surface 
layers to form p and n diffused regions in the surface of 
the substrate. Thereafter, the first and second doped 
silicon oxide layers are removed by a preferential etch 
ant which does not remove the silicon nitride layer, 
thereby exposing the first and second surface areas. A 
two-level metal interconnect structure is then formed 
for separately contacting the first surface areas and the 
second surface areas. 

14 Claims, 2 Drawing Sheets 
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1. 

METHOD OF FABRICATING BACK SURFACE 
PONT CONTACT SOLAR CELLS 

BACKGROUND OF THE INVENTION 

This application is related to copending application 
Ser. No. 272,105 pending filed Nov. 14. 1988 for "Solar 
Cell Having Inter-Digitated Contacts and Internal By 
pass Diodes', and Ser. No. 272,129 pending filed Nov. 
14, 1988 for "Monolithic Series Connected Solar Cells 
Employing Shorted P-N Junctions for Electrical Isola 
tion'. la 

This invention relates generally to the fabrication of 
silicon solar cells, and more particularly the invention 
relates to fabricating back surface point contact solar 
cells. 
The silicon solar cell comprises a plurality of p-and 

n-conductivity-type regions in a silicon body which 
generate voltage potential and/or a current when elec 
tron-hole pairs are created in a semiconductor body in 
response to impinging radiation, and the holes and elec 
trons migrate to the p-doped region and the n-doped 
region, respectively. In a solar cell having interdigitated 
back surface contacts, the p and n regions are formed in 
alternating rows with a metal contact provided for 
contacting all doped regions in one row and with all 
rows of like doped regions being connected in parallel. 
A point contact solar cell has been proposed with the 

potential for achieving improved energy-conversion 
efficiency in the neighborhood of 26-28%. See R. M. 
Swanson, "Point Contact Silicon Solar Cells,' EPRI 
AP-2859 Project 790-2 Interim Report, May 1983. As 
described therein, in the point contact cell, contact 
metal touches the silicon substrate in an array of points. 
The cell is made of lightly-doped silicon with dopant 
diffusions only at the contact points. The region be 
tween contacts, on both top and bottom surfaces, is 
covered by high-quality silicon oxide for surface passiv 
ation. The surfaces are slightly textured and the back 
side is made reflective to promote light-trapping. Oppo 
site conductivity-type contacts can be on the front and 
back of a cell, whereupon it is called a front surface cell, 
or the contacts can be interleaved on the back surface 
only, whereupon it is called a back surface cell. 
As further described by Swanson et al., "Point 

Contact Solar Cells,' IEEE Transactions on Electron 
Devices, Vol. ED-31, No. 5, May 1984, a back surface 
cell has been proposed in which a two-layer metalliza 
tion on the bottom surface provides the metal contacts. 
Unlike the interdigitated contact cell having alternate p 
and n fingers, the contact metal touches the silicon only 
in an array of points on the back surface. The contact 
areas contain small diffused regions which alternate 
between n and p type in a checkerboard fashion. The top 
surface and the regions between contacts on the bottom 
are covered with silicon oxide for surface passivation. 
The specific design disclosed therein provides low elec 
trical and thermal resistance. The n-type diffusions are 
contacted by a first layer of aluminum, while p-type 
diffusions are contacted through holes cut in the first 
layer. The first and second layers are electrically iso 
lated from each other by a layer of anodic aluminum 
oxide (A1203). 

In fabricating the dual-metal point contact solar cell 
as disclosed by Swanson et al, supra, a number of pro 
cessing difficulties have been encountered which have 
impeded the commercialization of the structures. 
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2 
SUMMARY OF THE INVENTION 

An object of the invention is an improved method of 
fabricating back surface point contact solar cells. 
Another object of the invention is a back surface 

point contact solar cell having improved operating 
characteristics including an efficiency up to 30%. 

Still another object of the invention is an improved 
method of reducing the recombination velocity of elec 
tron-hole pairs in a solar cell substrate. 
A feature of the invention is the provision of doped 

regions of smaller geometry provided by a self-align 
ment of the diffused regions during fabrication. 
Another feature of the invention is the hydrogenating 

the silicon-silicon oxide interface of a point contact 
solar cell after formation of a passivating silicon nitride 
surface layer. 

Briefly, in accordance with the invention, in fabricat 
ing a back surface point contact silicon solar cell, a 
pattern of p-type and n-type diffused regions are formed 
in the back surface of a silicon substrate through a self 
aligned process, whereby alignment tolerance is re 
duced and facilitates smaller geometry diffused regions. 
A silicon oxide passivation layer is formed over the 
back surface, and a passivating silicon nitride layer is 
formed over the silicon oxide layer and facilitates the 
self-aligned diffusion processing. 

Importantly, the silicon oxide-silicon interface can be 
hydrogenated following the formation of the silicon 
nitride layer without requiring ion implantation. The 
silicon nitride passivated silicon substrate is subjected to 
a high-temperature (900 C. --) in a hydrogen environ 
ment. At this temperature the hydrogen will penetrate 
the silicon nitride and silicon oxide passivating layers to 
reduce the recombination velocity of electron-hole 
pairs at the silicon oxide-silicon interface to acceptable 
levels. 
The invention and objects and features thereof will be 

more readily apparent from the following detailed de 
scription and appended claims when taken with the 
drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a cross-section of a back surface point 
contact silicon solar cell made in accordance with the 
present invention. 

FIGS. 2A-2H are section views illustrating the steps 
in fabricating the device of FIG. 1. 
DETALED DESCRIPTION OF LLUSTRATIVE 

EMBODIMENT 

FIG. 1 is a section view of a back surface point 
contact silicon solar cell employing double metalliza 
tion and fabricated using the method of the present 
invention. 
The structure of FIG. 1 is described by Swanson et al. 

supra. The cell includes a single-crystal silicon substrate 
10 having a resistance of approximately 2000-cm. The 
top surface of the substrate has a layer 12 of silicon 
oxide, and the bottom surface includes alternating n 
doped regions 14 and p-doped regions 16. The bottom 
surface between the diffused regions 14, 16 is coated 
with a passivating layer 17 of silicon oxide. Aluminum 
contacts 18 are made to the n-doped regions 14. The 
surfaces of the aluminum contacts 18 are oxidized at 20 
and a second aluminum metallization 22 contacts the 
p-doped regions 16. An insulation layer 24 is provided 
on the top surface to reduce surface recombination of 
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holes and electrons. The layer can comprise silicon 
oxide with a fixed charge therein to establish an electri 
cal field in the surface region. Alternatively, a doped 
surface layer can be provided on substrate 10. While the 
surface layer is not essential to the cell operation, it 
gives stability to the cell operation in sunlight. 
As described by Swanson et al., the photovoltaic cell 

is designed for high-concentration applications and has 
the potential for achieving energy conversion efficien 
cies in the order of 28% at a design operating point of 10 
500Xgeometric concentration and 60' C. cell tempera 
ture. The alternating n and p regions 14 and 16 form a 
polka-dot array on the bottom surface. The two-layer 
metallization 18 and 20 provides the contacts and also 
functions as a reflective surface for photons entering 
from the top surface and passing through the substrate 
10. 
As noted above, realization of the full potential of the 

device of FIG. 1 requires manufacturing techniques not 
heretofore appreciated with construction of the solar 
cell, especially in the reduction of electron-hole recom 
bination velocity and the reduction of the geometric 
size of the diffused contacts due to alignment tolerances 
in the requisite photoresist masking and etching tech 
niques. These difficulties are overcome in accordance 
with the present invention as illustrated in the process 
steps of FIGS. 2A-2H. 

Referring now to FIG. 2A, in fabricating the device 
of FIG. 1 in accordance with the invention, the silicon 
substrate 30 has layers of silicon oxide 32 formed on the 
surfaces, and a layer 34 of silicon nitride is formed by 
deposition on the top surface of the silicon oxide 32. 
The silicon nitride provides additional passivation and 
facilitates a self-alignment of the diffused regions and 
metallization as will be described. 

Thereafter, as illustrated in FIG. 2B, openings are 
formed through the silicon nitride and silicon oxide 
layers to expose surface portions on the substrate 30, 
and, as illustrated in FIG. 2C, phosphorus-doped glass 
36 is formed on the surface of the silicon nitride and in 
the openings therethrough. Thereafter, a second plural 
ity of operings are formed between the first openings, 
and a boron-doped glass 38 is formed over the top sur 
face and into the new openings as shown in FIG. 2D. 
The structure is then heated to a temperature of approx 
imately 900 C. and dopants from the doped oxide lay 
ers 36, 38 diffuse into the surface of the substrate 30 
forming p-doped regions 40 and n-doped regions 42. 

Simultaneously or sequentially, the interface between 
the oxide 32 and the substrate 30 is hydrogenated by 
exposing the structure to a hydrogen environment at a 
temperature in excess of 900 C. Heretofore, it was 
considered necessary to use ion implantation of hydro 
gen atoms to penetrate a silicon nitride layer, or alterna 
tively to hydrogenate the silicon oxide-silicon interface 
prior to silicon nitride formation. However, the subse 
quent silicon nitride formation has deleterious effects on 
the hydrogenated interface. In accordance with one 
aspect of the invention, the high-temperature process 
ing of the structure in a hydrogen environment facili 
tates the hydrogenation of the interface without causing 
deleterious effects on the structure. 

In accordance with another aspect of the invention, 
the structure as shown in FIG. 2D is then exposed to a 
silicon oxide etch to remove all of the exposed oxide 36, 
38 but not etching the silicon nitride layer 34. Thus, 
self-aligned openings are formed through the silicon 
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4 
nitride 34 and silicon oxide 32 layers to the diffused 
regions 40 and 42 as shown in FIG. 2E. 

Thereafter, as shown in FIG. 2F, metal layer 44, 
sputtered aluminum for example, is applied and contacts 
the doped regions 40 and 42. The metal layer 44 is 
etched as shown in FIG. 2G whereby the metallization 
44 contacts all of the doped regions 40 and all doped 
regions 42 have separate contacts. Thereafter, as shown 
in FIG. 2H, an insulative layer 46 of silicon oxide is 
deposited and etched to expose the metal contacts to the 
doped regions 42, and then a second metal layer 48 of 
aluminum is deposited to interconnect all of the doped 
regions 42. This completes the cell fabrication. 
The method of hydrogenating the silicon oxide-sili 

con interface and the formation of self-aligned contacts 
in accordance with the invention facilitates the fabrica 
tion of a back surface point contact silicon solar cell 
with the resulting structure having enhanced operating 
characteristics. 
While the invention has been described with refer 

ence to a specific embodiment, the description is illus 
trative of the invention and is not to be construed as 
limiting the invention. Various modifications and appli 
cations may occur to those skilled in the art without 
departing from the true spirit and scope of the invention 
as defined by the appended claims. 

I claim: 
1. A method of fabricating a back surface point 

contact solar cell, comprising the steps of 
(a) providing a substrate of silicon having two major 

opposing surfaces, 
(b) forming a silicon oxide layer on at least a first of 

said major surfaces, 
(c) forming a silicon nitride layer on said silicon oxide 

layer, 
(d) removing first portions of said layers thereby 

exposing first surface areas on said first major sur 
face, 

(e) forming a first doped layer with a first conductiv 
ity type dopant therein on said surface areas, 

(f) removing second portions of said layers, thereby 
exposing second surface areas on said first major 
surface, 

(g) forming a second doped layer with a second con 
ductivity type dopant therein over on said second 
surface areas, 

(h) heating said substrate and thereby diffusing dop 
ant from said first layer into said first surface areas 
and diffusing dopant from said second doped layer 
into said second surface areas, 

(i) subjecting said substrate and said layers to an ele 
vated temperature of at least 900' C. in a hydrogen 
atmosphere, thereby hydrogenating the interface 
between said major surface and said silicon oxide 
layer, 

(j) removing said first and second doped layers by a 
preferential etchant which does not remove said 
silicon nitride, and 

(k) forming a two-level metal interconnect structure 
for separately contacting said first surface areas 
and said second surface areas. 

2. The method as defined by claim 1 wherein step (k) 
includes forming a first metal layer contacting said first 
and second surface areas selectively etching said first 
metal layer to electrically isolate all of said first surface 
areas forming an insulative layer over said first metal 
layer, and forming a second metal layer over said insula 
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tive layer and in electrical contact with all of said first 
surface areas. 

3. The method as defined by claim 1 wherein step (k) 
includes forming a first aluminum layer contacting said 
first surface areas, oxidizing said first aluminum layer, 
and forming a second aluminum layer contacting said 
second surface areas. 

4. The method as defined by claim 1 wherein said first 
and second doped layer comprise silicon oxide. 

5. The method as defined by claim 1 wherein the steps 
of forming said first and second doped layers and the 
diffusing of dopants therefrom are performed sequen 
tially, 

6. The method as defined by claim 1 wherein steps (h) 
and (i) are carried out concurrently. 

7. The method as defined by claim 1 wherein step (b) 
includes forming a silicon oxide layer on the second 
major surface. 

8. The method as defined by claim 7 wherein step (b) 
further includes doping the silicon oxide layer on the 
second major surface. 

9. The method as defined by claim 7 wherein step (b) 
further includes establishing an electrical charge in the 
silicon oxide layer on the second major surface. 

10. In the fabrication of a back surface point contact 
solar cell including a silicon substrate and employing 
silicon oxide and silicon nitride passivation layers, a 
method of reducing the recombination velocity of elec 
tron-holes pairs at the interface of the silicon substrate 
and the silicon oxide layer, comprising the steps of 

placing the silicon substrate with silicon oxide and 
silicon nitride layers thereon in a hydrogen atmo 
sphere, and 

heating said silicon substrate in said atmosphere at a 
temperature of at least 900 C. to diffuse hydrogen 
atoms through said silicon nitride layer and 
through said silicon oxide layer to the interface of 
said silicon oxide layer and said substrate. 

11. A method of forming first and second diffused 
regions of opposite conductivity type in a surface of a 
silicon substrate for fabricating a back surface point 
contact solar cell, comprising the steps of 
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6 
(a) providing a substrate of silicon having two major 
opposing surfaces, 

(b) forming a silicon oxide layer on a first of said 
major surfaces, 

(c) forming a silicon nitride layer on said silicon oxide 
layer, 

(d) removing first portions of said layers, thereby 
exposing first surface areas on said first major sur 
face, 

(e) forming a first doped silicon oxide layer with a 
first conductivity type dopant therein over said 
layers and on said first surface areas, 

(f) removing second portions of said layers, thereby 
exposing second surface areas on said first major 
surface, 

(g) forming a second doped silicon oxide layer with a 
second conductivity type dopant therein over said 
layers and on said second surface areas, 

(h) heating said substrate and thereby diffusing dop 
ant from said first doped layer into said first surface 
areas and diffusing dopant from said second doped 
layer into said second surface areas, and 

(i) removing said first and second doped layers by a 
preferential etchant which does not remove said 
silicon nitride. 

12. The method as defined by claim 11 and further 
including: (j) forming a two-level metal interconnect 
structure for separately contacting said first surface 
areas and said second surface areas. 

13. The method as defined by claim 12 wherein step 
(j) includes forming a first metal layer contacting said 
first and second surface areas selectively etching said 
first metal layer to electrically isolate all of said first 
surface areas forming an insulative layer over said first 
metal layer, and forming a second metal layer over said 
insulative layer and in electrical contact with all of said 
first surface areas. 

14. The method as defined by claim 12 wherein step 
(j) includes forming a first aluminum layer contacting 
said first surface areas, oxidizing said first aluminum 
layer, and forming a second aluminum layer contacting 
said second surface areas. 

x: 
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