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U/ o ' ABSTRACT

An 1mproved solar cell desagned for 0pt1mum efficiency -
“1s comprised of a plurality of series connected unit solar
- cells formed from a common substrate of semiconduc-

tor material. Each unit solar 'eell' has spaced elongate

- sidewalls, and a “dead space’ * area between adjoining

-sidewalls of adjacent units is made substantially smaller -

~ than an active, light receiving area, extending between
~ the opposite sidewalls of each individual unit. In addi-
- tion, the width of the active area is concisely limited to -

-ensure that radiation incident on the active area is inci-

dent at a point which is spaced from the p-n junction of

each unit by no more than a predetermined optimum =

distance. Reducing the “dead space” area while con-

“cisely limiting the width of the active area prowdes |

improved solar cell performance w1thout reqnlrlng -

| -focusmg lenses

: 38|Clai'ms,'9- Drawing Figures |
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SOLAR CELL

- Matter enclosed in heavy hrackets L ] appears in the_
~original patent but forms no part of this reissue specifica-

- tion; matter prmted in ltallcs mdlcatea the addltmna made
by reissue. o |

o from the Junctlen creates carriers with a greater proba- |

This application is a continuation-in-part of our co-

- pending application- Ser. No. 824, 974 filed Aug 15,

1977 (now abandoned).
This invention relates to solar or photovoltalc cells

and more particularly to an improved solar- celld

umquely designed for optimum efficiency.
Fossil fuels have in the past provided the bulk of the
‘world’s energy needs. However, as the price of fossil

10

bility of being collected than carriers created at a point

further away from the junction. Notwithstanding the

- dramatic improvement in cell efficiency achieved by
“this invention, such improvement required the utiliza-
tion of a lens array which increased cost and decreased

 reliability due to the problem ef lens degradation over a
long period of time. | |

A further 1mpr0vemei1t in the area of solar-cell fabn—

cation is disclosed in our copending application, Ser.
No. 689,989, filed May 26, 1976, and entitled “High-

. Intensity Solid State Solar Cell” now U.S. Letters Pat.

15

fuels has increased and their supply decreased, increas-

ing attention has been directed toward the development

of alternate energy sources. One such alternate energy

source 1s the solar cell, which directly converts the
energy from the sun into usable electrical power. -

No. 4,110,122, issued Aug. 29, 1978. In this invention, a

plurality of solar-cell units are fabricated from a com-
mon substrate, and the body material of each unit ad-
vantageously has the same positional relation in the

finished cell as existed in the original substrate. This

~ technique provides solar-cell units having identical

20
~ positional relation to each other, thereby increasing the

- Solar cells have been long used in prior-art solar-

‘energy systems. In these systems, the typleal solar cell
consists of a large area p-n junction formed in a wafer of
monocrystalline material such as silicon. The junction is
formed parallel to the upper surface of the cell, and this

25

‘upper surface receives incident radiation from the sun,

to produce current flow across the p-n junction in a
well-known manner.
suffer from many disadvantages. Such disadvantages
have been well documented and include large series
resistance, inefficient operation at high concentrations
~of incident light, and the need for a contact grid which

is formed on the upper surface of the cell, thereby re-

ducmg the cell area available to reeewe 1n01dent radla-
tion.

Vertical-junction solar cells have been developed in

an attempt to circuamvent the various problems encoun-
tered with conventional solar cells. One type of verti-
cal-junction solar cell is fabricated from stacks of silicon
wafers which have been appropriately doped to form
p+ and n+ surface layers on opposite sides of the wa-
fers and the wafers are then stacked and sintered to-
gether. The wafers are sliced into segments to create a
plurality of solar cells with p-n junctions normal to the
‘cell surface. With silicon, the resultant verti¢al-junction
solar cell has the potential for more efficient high-inten-

These conventional solar cells |

30

characteristics as to material, orientation and physical
properties, as well as units having a predeten’nined fixed

“accuracy of focusing arrangements. Again, however,

the solar cell of this invention requires a focusing lens |
for optrmum performance. .

It is therefore, an object of this mventlon to achieve .
improved solar-cell performance without ‘requiring

_spemal focusing by lenses or other means.

It is another object of this invention to provide solar- |
cell units having identical physical characteristics, and
efficient operation when connected in series.

It is a further object of this invention to provide an
improved solar cell which operates at hlgh mmdent

~ light intensity.

35

It is a further object of this 1nventlen to provide an
lmproved solar cell having greatly reduced “dead
space” when' compared to pnor-art vertical-junction

Isolar cells.

It is a further ob_]ect of this mventlen to provide an-

improved solar cell in which the ratio of “dead space”

in the cell to active area in the cell is gr_'eatly reduced.
‘It i1s another object of this invention to concisely

- match the dimensions of the cell units and the carrier
- diffusion lengths to thereby achleve hrgh eollectlon

45
provide a solar cell which will provide relatlvely large

sity operation, does not require the contact grid and also

provides low series resistance. However, these cells, as
- they have been commercrally available, typieally have a
- measured efficiency of only 8% at one sun.

Our application, Ser. No. 690,056, filed May 26, 1976
~ (now U.S. Pat. No. 4,042,417), and entitled “Photovol-
taic System Including A Lens Structure”, discloses a
technique for achieving greater efficiency in such verti-
cal junction solar cells. This technique includes the use

30
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of a cylindrical lens which focuses the solar radiation

into a narrow beam incident on the active, light-receiv-
ing area of the solar cell at an optimum region, adjacent
to, but offset from the vertical junction plane. This

focusing technique achieves approximately a 2:1 im-

provement in solar-cell efficiency. Improvement results
because incident radiation is not lost on the “dead

efﬁcaency )
It is a further and general ob_]ect of this mventlon to

amounts of electrical energy without requmng fecusrng
lenses of the character indicated. |

A still further object is to provide an 1mproved array
of solar-cell units presenting an overall exposure area
upon which solar energy may be concentrated in the

~order of at least 100 suns, to produce an electrrcal out-
put at relatively great efficiency. o

“In accordance with the invention individual solar-eell o
umts are formed from a common substrate, and the

“body material of each of the units formed from the

substrate advantageously has the same space relation to

- the body material of each of the other units as existed in

- space” of the cell’s p-n junction which consists of the

p+,n+ regions and the electrode therebetween, and
because incident radiation is focused at an optimum

‘region near the p-n junction. Focusing incident radia-

tion at this optimum region rather than further away

65

the original substrate. Each unit has spaced elongate
sidewalls, and the “dead space” area between adjoining

sidewalls of adjacent cells is made substantially smaller

than the active area between the opposite sidewalls of
‘each individual unit. Moreover, the distance between
- the opposite sidewalls of each unit (i.e., the width of the

active area) is concisely limited to a predetermmed-

optimum distance (related to minority-carrier diffusion | |
- length, including surface-recombination effects) such

that radiation incident at any point on the active areais
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incident at a point spaced: from at least one of the unit
stdewalls by no more than the predetermined optimum
Ldistnace]} distance. Limiting the width of the active
area in this manner ensures that light is always incident

at a point near the p-n junction to thereby create carri--

ers with a high probability of being collected. Reducing
the “dead space” area while correctly choosing the

width of the active area provides improved cell perfor-

mance without requiring focusing lenses.
To the accomplishment of the above and to further
.objects that may hereinafter appear the present inven-

- tion relates to an improved solar cell as defined in the
appended claims and as described in the following spec-
ification when considered in conjunction with the ac-
companying drawings, in which:.

FIG. 1 1s a schematic diagram as viewed in cross
section of a multiple-unit fragment of a solar-cell array
~ previously designed by the instant inventors;

FIG. 2 1s a similar sectional view of a substrate show-

Ing a first wide groove cut into the substrate as a first.
procedure in the construction of an improved solar cell

of the present invention;

FIGS. 3 and 4 are further sectional views of the sub-
strate of FIG. 2, showing (in FIG. 3) p+ and n+ re-
gions diffused into the substrate, and showing (in FIG.
4) a final narrow groove cut into the substrate te form
a completed improved solar cell; |

- FIG. 5 1s an enlarged sectional view of one area of the
improved solar cell;

. FIG. 6 1s a plot of the short-circuit current response
~ of one particular vertical-junction solar-cell unit of the
array of FIG. 4; -

FIG. 7 is a view similar to FIG. 5 to show a modifica-
tion; and
- FIGS. 8 and 9 are views similar to FIG. 4 to show
- further modifications. | |

- The embodiments of the invention described herein-
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below involve a solar cell which has an n-type silicon

substrate. It is to be understood, however, that the solar
cell of the invention may also be implemented with a
substrate of p-type polarity, in which case the polarity
- of the other regions in the cell would be reversed, with
n replaced by p, n+ replaced by p+ and so on. It will
also be understood that other types of semiconductor
material may-also be employed and, that a heterojunc-

435

tion, as well as the homojunction structure descrlbed :

may be employed.
Before turnmg to a detailed dESCI‘IptIOH of the inven-
tion, 1t 1s helpful in achieving a greater understanding of

the invention’s unique advantages to describe the solar 50

cell shown in FIG. 1. FIG. 1 illustrates a solar-cell
—arrangement which 1s one particular embodiment of a
sohid-state solar cell described in our said copending
application Ser. No. 689,989. More particularly, the
- solar cell illustrated in FIG. 1 consists of a series of
individual unit solar cells 105, each of which is formed
from the same single wafer of semiconductor material,
the units being subsequently connected in series, or in
series-connected subunits which are later connected in
parallel. |

Each of the unit solar cells 105 Illustrated in FIG 1,
is comprised of an n-type substrate 107. The unit solar
cells 105 are separated from one another by grooves 101
which are formed by anisotropic etching ‘to create
grooves having straight parallel walls extending com-
pletely through the common substrate. P+ regions 103
are formed along the wall of each groove and an n+
region 102 is formed along the lower surface of each

4

unit cell. An oxide layer 108 1s formed on the lower
surface of each cell, and a passivation and anti-refleciive
coating 106 may be formed on the upper surface of each
cell. The grooves may be subsequently filled with an

insulating material 109 which may be epoxy, glass or

other suitable insulating material to achieve electrical
isolation between the cell units. Alternatively, the
grooves may be left partially or completely open, with
other means being provided for structural support and

maintenance of subunit alignment. Cell construction in
a series-connected group of units in an array is com-

pleted by interconnecting the p+ regions of each cell

with a first connection schematically indicated at 100,

the n+ region of each cell being connected to the p4-

‘regions of the next-adjacent cell via a second connec-

tion, schematically indicated at 104. Series-parallel
combination connections of unit groups with the array
are also possible; such constructions are the subject of
another of our applications, and are not necessary to a
description of the present invention.

Light 1s incident on the active region 110 of each cell,
and the active region i1s defined as the area of the sub-
strate surface available to receive incident radiation.
The incident light causes a flow of carriers across the
p-n junction formed by the p+ regions and substrate, to
the n+4 regions, and from the latter to the p+ regions in
succeeding solar cells via connection 104. The conduc-
tion of current proceeds in series across the individual
solar cells to a current collector (not shown). The con-
nections indicated schematically in FIG. 1 are, of
course, illustrations of actual connections between adja-

cent cells wherein such actual connections may be

formed by known selective etching and metalization
techniques, or other microelectronic techniques. -
 The solar cell shown in FIG. 1, although providing a
marked improvement over prior-art solar cells, requires
a special focusing arrangement to operate [a] af maxi-
mum efficiency. Such a focusing lens arrangement is
described in our said application Ser. No. 690,056. This
lens arrangement includes a plurality of lens elements
which focus the incoming radiation into a plurality of
narrow beams which are directed to be incident on the
upper surface of the cell at a location adjacent to, but
offset from the plane of each p-n junction. Such a focus-
ing arrangement improves cell performance for two
reasons. First, incident radiation is not lost on the large
“dead space” area 111 indicated in FIG. 1 which con-
tributes essentially nothing to cell output. As indicated,

- this area is comprised of the adjoining p+ regions of

>3
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Intensity Application”,

adjacent cells and the material therebetween. Second,
incident radiation is not directed to just any point on the
active area 110 but rather the incident radiation is di-

rected to an optimum region on the active area which is

at least generally adjacent to but offset from the plane of
the p-n junction. Directing the incident radiation to this
optimum point improves cell performance because the
radiation focused at that point (or closer to the junction)
creates carriers with a much higher probability of being
collected than carriers created at a location which is
further from the junction. |
Extensive investigation by the 1nstant 1nventers has
determined where this optimum point should lie on the
active area in order to achieve maximum performance

in a silicon vertical junction solar cell. The result of

these investigations has been reported in an article enti-
tled “Improved Performance of Solar Cells for High
published in “The Conference
Record of the Twelfth IEEE Photovoltaic Specialists



Conference” held Nov. 15 18 1976 As reported In thIS |

article, the instant inventors were concerned with the
‘nature of the response of vertical-junction solar cells to
focused incident light. Accordingly an array of vertical-

Re 30 384
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drastlcally reduced and, -moreover', (b) if substuntial_ly '

all of the light falling on the active area can be incident '
at a point which is no more than 1 to 2 mils from thep-n =
junction. The 1 to 2 mils distance is optimum for this

junction solar cells was obtained from Semicon, Inc. of 5 particular base material and, of course, this distance
Burlington, Massachusetts. Contacts were made to elec-

trodes on either side of an individual cell, and the cell

array was mounted on a micrometer stage. A light spot, -

provided by focusing the beam from a He-Ne laser, and
having a diameter of approximately. 1 to 2 mils was
directed normal to the upper surface of the array, and
the micrometer stage was moved in 0.5-mil increments

10

to effectively scan the focused laser beam across the

selected individual cell. The short-circuit cell current

I, was measured for each location of the incident spot
using an external varlable load resistor for the measure-
ments.

The solid curve A’ shown in FIG. 6 is a plot of the
measured short-etrcult current output, Is in milliam-

peres, versus traverse position of the light spot, in mils -

from the electrode (horizontal axis I). This curve illus-

15

would vary depending on the properties of the base
material used. The following description focuses on an
improved solar cell which advantageously provides the

‘two elements, (a) and (b), defined above which are

necessary for improved solar-cell performance. |
Turning now to a description of the invention, there
is illustrated in FIG. 2 a common n-type silicon sub-

strate 204 from which will be created a plurality of
individual unit solar cells. These unit cells are all cre- -

ated from common substrate 204, and thus the body

‘material of each cell unit will advantageously have the

 same physical properties and crystallographic orienta-

20

~trates that cell output I is much greater in the n region

~adjacent to but offset from the p-n junction, whose

approximate location is shown by legend at dotted line

A. More particularly, the solid-line plot in FIG. 6 illus-
trates that cell performanee shows a marked increase
when light is incident 1 to 2 mils from the p-n junction.

25

The decrease in I, shown by the solid-line plot in

FIG. 6, near the junction location at A, but within the n
type region to the left of A, is attributable to the use of
a 1 to 2 mil diameter light spot to scan the cell surface.

30

A light spot of such diameter will extend into the “dead

space” area between adjacent cells as it nears the junc-
tton location. The result is a “vignetting” effect, in that
only a portion of the light spot is incident on the active

tion in the finished cell structure as existed in the origi- -
nal substrate. This technique provides solar cell units

having identical characteristics as to material, orienta-
tion and physical properties, a feature which 1s particu-
larly important for series-connected cell units. A proce-
dure for fabncatlng cells from a common substrate has

been described in detail in our copending application,
Ser. No. 689,989 and Ser. No. 796,657 now U.S. Letters

Pat. Nos. 4,110,122, issued Aug. 29, 1978 and 4,131,984,

‘issued Jan. 2, 1979, respectively, said Ser. No. 796,657

being a continuation-in-part of said Ser. No. 689,989.
Therefore, the details of fabrication will not be repeated -
here, but it is understood that fabrication techniques

described in these copending applications may be uti-
lized in fabrication of the 1mproved solar cell of the

| 'mstant inveniion.
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area of the cell when the light spot is near the junction

~ location, thereby causing a reduction in the value of L.

It will be understood, of course, that if a light spot of
infinitesimal diameter could be used, the solid-line plot
of FIG. 6 would not fall off as rapidly as shown in FIG.
6, but rather I, would remain at or near its maximum
value until the [infinitessimal-diameter] infinitesimal-
diameter light spot were much closer to the junction
location. As the use of an infinitesimal-diameter light
spot is experimentally impossible, the plot in FIG. 6 is

- Referring to FIG. 2, it can be seen that into substrate
204 there has been etched a plurality of grooves 203.
Grooves 203 are not etched completely through sub-

‘strate 204 as was done in FIG. 1, but rather are etched

- ‘from the lower surface of the substrate to a point close

40

to but short of the upper surface of the substrate. Note
that the top of each groove is wedge-shaped, rather

‘than flat. This wed ge-shaped groove, along with the

~ vertical sidewalls, is a property of anisotropic etching of '

45

offered as practical experimental proof that I; does
show a marked increase approximately 1 to 2 mils from

the junction location. Also, the use of a lens array (per
said application Ser. No. 690,056) produces a focused
beam having an approximate width of 1 to 2 mils and,
therefore, the use of a light spot of 1 to 2 mils diameter
represents a realistically attainable situation.

It should also be understood that the optlnmm unit-
cell width is dependent on the minority-carrier diffusion
length of the base material. A base material having

50

silicon having a <110> surface orientation; of course,
other shaped groove bottoms may result, depending
upon the properties of the particular type of etchant
used. If the etching for the grooves were continued all
the way through the silicon substrate the resultant
structure would appear identical to the structure shown
in FIG. 1 with the grooves oompletely euttmg through
the substrate.

Grooves 203 partlally define individual n-type sub-

“strate units 202 which are to be formed into completed

~ solar-cell units. The grooves can, of course, be etched

‘different minority-carrier diffusion lengths would

change this distance accordingly, as would processing
the base material to improve the carrier-diffusion
length. Generally speaklng, it is desirable that the maxi-
“mum distance that a carrier must travel to reach and be
collected at the p-n junction shall be less than the
minority-carrier diffusion length. For the sample used
in connection with FIG. 6, the diffusion length (includ-
ing surface-recombination effects) was in the order of 1
to 2 mils. .

Based on the foregomg, it can be seen that improved

solar cell performance can be achieved W1thout the use -
of focusing lenses (a) if the “dead space” area can be -

65

into the substrate at any desired interval to form the
individual units. The particular interval chosen is indi--
cated as W1 in FIG. 2, and as will be hereinafter de-
scribed, W1 approximately equals between 2 and 4 mils,
or other specific dimensions consistent with the minori-
ty-carrier diffusion length. Formed on the upper surface
of the substrate in FIG. 2 is an anti-reflective coating

200 and formed on the lower surface 1s an ox1de layer
201. - |

Subsequent to groove formatlon p regions are

formed along the walls of each groove by diffusion, as

is indicated in FIG. 3 at 300. These p diffusions follow
the groove contours, thereby forming a p-n junction

- completely around each groove between the p region
- and the n-type substrate. N regions are also formed
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along the lower surface of each unit solar cell at 301, in
the same manner as described for. the case of FIG. 1.
Subsequent to the diffuston process, a plurallty of unit
solar cells 302 exist in the substrate, requiring only final
separation and interconnection to form completed indi-
vidual cell units.

FIG. 4 shows the completed 1n1proved solar cell.

Separation of each unit solar cell has been achieved
- ~with the formation of very narrow grooves 410. These

“narrow grooves are advantageously etched from the
upper surface of the substrate to intersect the much
wider grooves 407 which were etched from the lower
-surface of the substrate. Cell separation, therefore, is
achieved with a two-step etching process. A first wide
groove is etched from the bottom of the substrate to a
point close to, but short of the upper surface of the
substrate. A second, substantially narrower groove is
then etched from the top of the substrate to intersect
and thus open the much wider groove. Alternatively, of
course, the order of etching the narrow and wide
grooves could be reversed or both grooves might be
etched concurrently. It is, of course, understood that

10

15

20

etching a single narrow groove through the substrate

- would be extremely difficult in this situation, in that the

~width to depth ratio for a narrow groove would be
typically in the order of 60:1 for two-step etching, or
30:1 for two-sided simultaneous etching, it being under-
stood that the ratio could be much higher the thicker
the substrate used. |

Cell construction 1s completed by filling the wxde and

235

30

narrow grooves with an insulating material to provide

‘electrical isolation of the cells; alternatively, the
grooves may be left partially or completely open, with
other means being provided for structural support and
maintenance of subunit alignment. The insulating mate-

rial is indicated by shading within the groove reg10ns'

35

407 and 410. Interconnection of the various cells is

achieved by interconnecting the p regions 403 of each
unit cell, using a first connection schematically - indi-
cated at 408, and by connecting the n region 404 of each
cell to the p regions of the next-adjacent cell, using the
connection schematically indicated at 409; and as noted
above, it should be recognized that series-parallel com-

8

the lower surface of the substrate and a very small
groove etched from the upper surface of the substrate.
Moreover, the “dead space” area on the upper surface
of each cell is further reduced because it i1s now com-
prised of only the narrow grooves (which may be filled
with insulating material) and does not include the p+
diffused area of the junction itself. Rather the p-n junc-

tion 1s “buried” beneath the light incident surface,
thereby increasing the active area of the cell. What has

been achieved therefore is a dramatic reduction in the
“dead space” area with a corresponding decrease in the
ratio of “dead space’ area to active area. This reduction
of the “dead space” area results in a direct and immedi-
ate improvement in solar cell performance by reducing
the losses due to incident radiation falling on the “dead
space” area, and such lmprovement 1S achieved w1thout
the use of focusing lenses. '

FIG. 5 provides an expanded view of the large and
narrow grooves which separate the individual solar
cells of FIG. 4. As is shown therein, the buried p-n
junction lies at a distance “d” beneath the light incident
surface of the solar cell. Since about 80 percent of the
absorbable portion of the incident sunlight is absorbed
within 1 mil of the surface of the cell (for the assumed
case of silicon), “d”, i1s advantageously chosen to be in
the range of 1 mil.

FIG. 5 also illustrates the path of a llght ray incident
on the upper surface of the solar cell. As is shown
therein, the incident ray penetrates into the solar cell
and when striking the groove boundary is partially
reflected back into the base material and partially trans-
mitted into the wider groove area. The light lost due to
the transmission into the wider groove can be shown to
be on the order of several percent or less of the total
light incident on the upper surface of the cell. This is to
be compared with the amount of light that would be lost
into the much larger “dead space” area that would
result if the wide grooves had been etched all the way
through the substrate as indicated in FIG. 1. By inspec-
tion, it can be seen that light loss from such a large
“dead space” area would be much larger than the light
loss resulting from transmission into the wide groove

~ 1llustrated in FIG. S. In addition, even that small loss

~ bination connections can alternatively be made. How-

ever, regardless of the interconnection of cell units, the
flow of carriers through each subunit in response to
incident light, is as ordinarily understood for p4-, n, n+
silicon cells. To complete the description of FIG. 4, the
antireflection coating and the oxide layer previously
described above are indicated at 406 and 405, respec-
tively.

It will be understood that the connections shown

45
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'sehematically in FIG. 4 can be made by selective etch- -

ing and metalization techniques well known in the art.
‘The remaining portions of the unit solar cells may be
fabricated by known diffusion, anisotropic etching,

55

thermal oxidation, vacuum deposition, chemical vapor |

deposition, photolithographic and other techniques,

such as those used in the field of microelectronics and
which are accordingly not otherwise disclosed herein.

- The unit solar cells 400 of FIG. 4 will be seen to be
generally similar to the unit solar cells 105 described in

connection with FIG. 1. However, each unit solar cell

now has a very small “dead space” area 402 in compari-

son to the active area 401. This ratio of “dead space”
area to
“dead space” area to active area in FIG. 1, due to the
formation of each cell with a large groove etched from

can be further reduced by metallizing or otherwise
coating the sloping walls of the grooves, the latter being

suggested by legend in FIG. S.

From the preceding discussion, it will be recalled that
light incident at a point adjacent to but offset from the
p-n junction results in improved solar-cell performance,
due to the generation of carriers with a greater probabil-

-1ty of being collected than carriers generated at a point

more distant from the p-n junction. This point of opti-
mum light incidence beyond which cell response drasti-
cally decreases has been experimentally determined to
lie no more than 1 to 2 mils from the p-n junction for the
particular case illustrated in FIG. 6. With this experi-
mental determination in mind, the distance W3 between
opposite sidewalls of each individual solar-cell unit (i.e.,

the width of the active area) is advantageously chosen

to be between 2 and 4 mils. Placing W3 in this range
results in the midpoint of each active area being no
more than 1 to 2 mils (the maximum acceptable distance
from the junction for incident light) from the adjacent

- sidewalls of the unit solar cell and thus from the adja-
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zotive area 1s much smaller than the ratio of

cent p-n junction. Therefore, all light incident at ap-
proximately the! midpoint of the active area is incident
at a point experimentally determined to be suitable for

- good solar-cell  performance. Moreover, referring to



Re. 30 384

9

| FIG 6, it can be seen that light mmdent on the solar cell |
surface at points closer to the p-n junction will resultin
- groove from the lower surface of the cell and a second

improved solar cell performance when compared with -
light incident at locations more remote from the p-n

junction. From the foregoing, therefore, it can be seen

‘that solar-cell performance is readily improved without
‘the use of special unit-focusing lenses by properly
c¢hoosing the width of the active area. An active area

10

prlor-art solar cel]s in two ways. Flrst the “dead space '
region is drastically reduced by forming a first large

- very narrow groove from the upper surface of the cell.
- Second, the active area of each cell is advantageously

~ chosen to be between 2 and 4 mils such that all light

having a width of between 2 and 4 mils (for a material

like that shown in FIG. 6) results 1n all light incident on
the active area being incident at a point spaced from at
least one of the unit sidewalls (and, thus, from the p-n
junction) by not more than the predetermmed accept-
able distance of 1 to 2 mils. |

The dramatic improvement in solar-cell performance'

‘resulting from correctly choosing the width of the ac-
tive area is shown in FIG. 6 by superimposing a dotted-

“line plot B’ of short circuit-current response over the

solid-line plot A’ previously discussed. More particu-
“larly, the vertical line at B in FIG. 6 illustrates a second

the first junction location A. Extending between these

two JllllCthIlS at A and B is an active area indicated by
legend in FIG. 6. This configuration of two p-n junc-
tions separated by an active area of approximately 4
mils is, of course, the configuration of one embodiment
- of the instant invention discussed above. The dotted-
line plot B’ of I, shown in FIG. 6 is merely the same
- plot illustrated as a solid plot A’ in FIG. 6 but the dotted

line plot is reversed to correspond with the existence of 30

a p-n junction at location B. The relationship of these
two plots of I, can be readily understood by reference
- to horizontal axis II illustrated in FIG. 6 which shows

~ Ig as a function of the position of the light spot in mils

from a junction location. The numerical legend for

“curve A’ is labeled curve A’ on horizontal axis II while

the numerical legend for curve B’ is labeled curve B’ on
horizontal axis 1I.

The combination df curves A’ and B’ in FIG 6 dra-_

matically illustrates the improvement in solar-cell per-
formance resulting from choosing the width of the ac-
“tive area to be equal to 4 mils. An active area of this
width ensures that all light incident on the active area is
incident at a point adjacent to but offset from the junc-
- tion location, whereby the probability of carrier collec-

10

~ incident on the active area is incident at a point spaced
- from at least one of the unit sidewalls by not more than
a predetermmed distance. These two technlques result

in improved cell performance without requlrmg the use

“of special unit-focusing lenses.

FIG. 7 will be recognized as belng structurally the

. same as FIG. 5, except for the fact that the p-n junctions

15

are no longer buried. Thus, in FIG. 7, the two groove
regions 410 and 407 will have been fully etched and

‘defined prior to diffusion to form the p+ regions which

- now extend all the way to the antireflection coating at

the exposure surface of the substrate. Preferably, the

diffusion step is of short duration, whereby the p-n

_ 20 junction is relatively close to the surface of the groove
junction location removed approximately 4 mils from

wall. For example, for silicon substrate, a p-n junction
plane suitable for high-intensity exposure may be estab-

 lished about 0.1 mil beneath the treated groove surface;

- and if a metal coating (e.g., electroless nickel) 1s applied,

25

the p+ region may be even more shallow, approachmg

~ 0.01 mil.

Thus, in FIG. 7, at the exposure surface, the p-n _]unc- |

tion will be exposed at each sidewall of the narrow

~ grooves 410, thereby reducing the usefully effective

exposure area of each cell unit, as suggested by the
slightly reduced “active-area” designation W3’ and by

“the slightly enlarged “dead space” designation W' in

the legends of FIG. 7. Nevertheless, for the case of p-n

~junctions formed at such shallow depth in the substrate
35

material, the performance loss compared to the buried-

~ junction configuration of FIGS. 4 and 5 can be small

and, indeed, relatively unimportant. Certainly, manu-

- facture is simplified by performing the etching steps

~prior to the p+ diffusion, and the operational improve-
“ment over the configuration of FIG. 1 is still so substan-
tial as to enable direct exposure to high-intensity llght
- without requiring a special unit-lens configuratlon as in

~ said Ser. No. 690,056.
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‘tion is markedly improved. It is, of course, apparent that

the width of the active area could vary in accordance

‘'with the instant invention and then the positional rela-
tionship between curves A’ and B’ would change in

response thereto. Also, curves A’ and B’ do not illus-

- FIGS. 8 and 9 depict further modlﬁcatlon of the

invention, such modification being illustrated in apph-
‘cation to “buried” p-n junctions in FIG. 8, and in appli-
‘cation to “non-buried” p-n junctions in FIG. 9. The

advantage of these embodiments lies in the vastly sim-

- plified problem of series-connecting adjacent cell units

50

- trate how I increases near the respective p-n junctions.

Assuming W1 equal' to 4.0 mils, it is of interest to

assign approximate numbers to the remaining dimen-
sions in FIG. § in order to calculate the dramatic in-
crease in active area achieved through use of the nar-
row-groove fabrication technique. More particularly,

let W3 equal 0.1 mil and W4 equal 0.5 mils, W3 is then,

- of course, equal to 3.9 mils: With these assigned values,
it s readily'f calculated that the percentage reduction in
‘active area due to the narrow-groove fabrication tech-

‘nique is equal to (0.1/3.9)X 100 or 2.55% while the

' Ipercentage reductlon in active area resulting from etch-
"ing the wide groove completely through the substrate is

equal to (0.5/3.9) X 100 or 12.8%. The narrow-groove

" fabrication technique results in a dramatic improvement

in increasing the active area of each unit solar cell.
~ In conclusion, solar cell performance is improved by
- constructing ‘solar cells which differ markedly from

800 (900), arising from the fact that p-n junctions are

- produced by p+ diffusion to one sidewall only 811-812

(911-912) for each successive groove 807 (907); simi-

- larly, n+ regions are formed only in the other sidewall

- 813-814 (913-914), for each successive groove 807

55

(907). In FIG. 8, the indicated p+ and n+ regions

- terminate short of the radiation-exposure surface of the

solar-cell array, p-n junctions being thus buried beneath

said surface; and in FIG. 9, the p4 and n4 regions

extend to the exposure surface, but the number of p-n
60 junctions at the exposure surface is one half the number

~which characterizes the embodiment of FIG. 7. Series-

- connection of adjacent cell units is schematically indi-
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cated by conductors 815 (915), but it will be understood
that various specific techniques may be adopted for
such connection, depending upon specific application of

- the resulting cell array. For example, entire grooves 807

(907) may be filled with electrically conductive material

- such as metal; alternatively, only the confined regions
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near the exposure surface may be filled, as in groove 810

to the depth D in FIG. 8, or in groove 910 to the depth |

D3 in FIG. 9, thus leaving the substantial included vol-

ume of the wider groove regions 807 (907) within which

‘to accommodate flow of heat-exchanging liquid; to
serve the dual purpose of extracting useful heat and
cooling the array, while also extracting its electrical

12

one unit and a first conductlwty type region of an adja-
cent unit.

2. The semiconductor solar-cell array of claim 1,

wherein said localized region of a second c:onducuwty

type extends along said at least one sidewall, said region

~ being beneath and substantially to said point, whereby

~output. Still further, the adjacent cell units 800 (900)

may fixedly be retained by glass, quartz or other trans-

parent plate means, bonded to front or back surfaces of

- these units, with interconnect means carried by one

10

such plate, thereby leaving unfilled grooves for particu-

lar purposes, such as cooling.

To produce the p+-n+ characterized groove-wall
configurations of FIGS. 8 and 9, groove etching may
~ proceed as above described, but to slightly more nar-
row groove-width proportions than is ultimately to
apply in the finished array. A p+ diffusion may then be
“applied to both walls of all grooves, one ‘of the walls
 being thereafter cut to establish the ultimate groove
width, by localized etching to expose bare silicon. One
way to accomplish this result is to oxidize all groove
walls after making the p+ diffusion, and by then using
a more narrowly slotted (and slightly laterally-offset
positioned) mask for localized anisotropic etching be-
hind the oxide coating of one wall, using a material
(e.g., hydrazine) which will not attack the oxide coating
of the other wall; the p+ diffusion on said other wall is
still protected by its oxide coating, so that an n4- diffu-

~sion will only be operative on the bare-silicon wall,

- whereupon the oxide coating on the p+ diffusion wall
~ can be removed. |

‘While the invention has been described in detail for

preferred forms shown, it will be understood that modi-
fications may be made without departing from the
scope of the invention. For example, the FIGS. 8-9
“succession of p+-n+ characterized groove walls may
be readily applied to alternate walls whatever the
groove configuration, whether straight-walled as in
- FIG. 1, or otherwise as in said Ser. No. 689,989. Also.

- when using the same materials in FIG. 8 (and FIG. 9) as
those discussed in connection with FIGS. 4 and 5, it
- should be noted that unit-cell width may be less than in
connection with FIGS. 4 and 5§, in recognition of the
fact (shown in FIG. 6) that incident light should strike
the exposure surface of each cell unit within 1 to 3 mils

- (i.e., approximately 21 mils) of the nearby p-n junc-
tion. |

What is claimed is: -

1. A semiconductor solar-cell array comprising a
plurality of spaced, elongate, parallel units formed from
a common substrate, the body material of each of said
units being comprised of a first conductivity type and

having the same spaced relation to the body material of

other of said units as in the original substrate from
which they are formed, each unit having upstanding
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‘sidewalls, and having therebetween an upper surface

- adapted for exposure to receive incident radiation and a
lower surface, adjacent sidewalls of adjacent units hav-
“ing therebetween a first space portion extending from
the lower surface to a point close to but short of the
upper surface and a second substantially smaller space
portion, connected to the first space portion and extend-
ing from said point to the upper surface, at least one
sidewall of each unit including a localized region of a
second conductivity type, and ohmic connections ex-

03

tending between the second conductivity type region of

said second conductivity-type region is buried beneath
the upper surface.

3. The semiconductor solar-cell array of claim 2,
wherein the distance between adjacent sidewalls of

-adjacent units at said point is substantially less than the

distance between opposite sidewalls of an individual
unit.

4. The semiconductor solar-cell array of claim 3,
wherein the distance between adjacent sidewalls of
adjacent units at the lower surface of each unit is sub-
stantially greater than the distance between adjacent
sidewalls of adjacent units at said point.

5. The semiconductor solar-cell array of claim 4,
wherein said upper surface extending between the op-
posite sidewalls of an individual unit separates the side-
walls by a fixed distance, said fixed distance being lim-
ited to twice a predetermined optimum distance
whereby radiation incident at any point on said upper
surface is incident at a point spaced from at least one of
the unit sidewalls by not more than sald predetermined
optimum distance.

6. The semiconductor solar-cell array of claim §,
wherein the maximum of said predetermined optimum
distance 1s about 2 mils. |

7. The semiconductor solar-cell array of claim 1,
wherein said localized region of a second conductivity
type extends along at least a portion of each sidewall of
each unit, said region being beneath and substantially to
said point, whereby said second conductivity-type re-
gions are buried beneath the upper surface.

8. A semiconductor solar-cell array comprising a
plurality of spaced, elongate, parallel units formed from
a common substrate, the body material of each of said
units being comprised of a first conductivity type and
having the same spaced relation to the body material of
other of said units as in the original substrate from
which they are formed, each unit having upstanding
sidewalls, and having therebetween an upper surface
adapted for exposure to receive incident radiation and a
lower surface, adjacent sidewalls of adjacent units being
more closely spaced at juncture with said upper surface
than their spacing at juncture with said lower surface, at
least one sidewall of each unit including a region of a
second conductivity type, and ohmic connections ex-
tending between the second conductivity-type region of
one unit and a first conductivity-type region of an adja-
cent unit.

9. The solar-cell array of claim 8, in which the other
sidewall of each unit includes a second region of higher
impurity concentration in the first conductivity-type
material, said ohmic connections to first conductivity-
type regions being to said second regions.

10. The solar-cell array of claim 8, wherein for each
unit said region of a second conductivity type extends
upwardly to a point close to but short of said upper
surface, whereby the junction between said second
conductivity-type region and said first conductivity-
type material is buried beneath the upper surface of said
cell.

11. The solar-cell array of claim 8, wherein for each
unit said region of a second conductivity-type extends

~upwardly to substantially said upper surface, and
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wherein (a) said second conductivity-type region is of
such shallow depth in said first conductivity-type mate-
rial and (b) the inter-unit spacing at the upper surface is
so small compared to the upper-surface unit span be-
tween adjacent spaces that the total included upper-sur-
face [are] comprehended by said spaced plural units is
substantially entirely characterized by said first conduc-
tivity type. |

12. The solar-cell array of claim 10 or claim 11,
wherein both sidewalls of each unit have similar second
conductivity-type regions.

13. The solar-cell array of claim 8, in which adjacent
sidewalls of adjacent units are characterized by conver-
gent slopes close to but offset from the upper surface,
each of said slopes being so inclined as to laterally re-
flect incident radiation which is substantially normal to
~and penetrates the upper surface to the associated side-
wall slope.

14. The solar-cell array of claim 13, in which each
said slope has a coating of reﬂectlon-enhancmg mate-
rial. |

15. A semiconductor solar-cell array comprising a

plurality of spaced, elongate, parallel units formed from
a common substrate, the body material of each of said
units being comprised of a first conductivity type and

having the same spaced relation to the body material of

other of said units as in the original substrate from
which they are formed, each unit having upstanding

sidewalls, and having therebetween an upper surface

adapted for exposure to receive incident radiation and a
lower surface, adjacent sidewalls of adjacent units being
more closely spaced at juncture with said upper surface
than their spacing at junction with said lower surface,
corresponding first sidewalls of said units each includ-
ing a region of a second conductivity type at least at a
point close to but short of the upper surface, corre-
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. 19. The semiconductor solar cell of claim 18, wherein

' the ‘upper portion of the dead-space area is bounded by

a first pair of spaced parallel unit sidewalls separated
from each other by a first distance and the lower por-
tion of the dead-Space area 1s bounded by a second pair
of spaced parallel unit sidewalls separated from each
other by a second distance, said second distance being
substantially greater than said first distance. |
20. The semiconductor solar cell of claim 19, wherein
the dead-space area contains an intermediate portion
lying between said upper and lower portions, said inter-
mediate portion being bounded by a third pair of non-
parallel spaced unit sidewalls, and said non-parallel
spaced sidewalls being divergent in the direction of said
lower portion of the dead-space area.
~ 21. The semiconductor solar cell of claim 19, wherein
the opposite sidewalls of each unit are spaced a fixed
distance from each other by an elongate upper surface
extending between the opposite sidewalls, said upper
surface being adapted for exposure to receive incident
radiation and said fixed distance being substantially

~ greater than said first distance separating the spaced,
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parallel 31dewalls of the upper portion of the dead-space
area.
22. The semiconductor solar cell of claml 21, wherein

said fixed distance is limited to twice a predetermined

optimum distance, whereby radiation incident at any

point on the upper surface is incident at a point spaced

~ from at least one of the unit sidewalls by not more than
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sponding second sidewalls of said units including a re-

gion of said first conductivity type at least at a point in
opposed adjacency to said second conductivity-type
point, and an ohmic connection between said first and
second conductivity-type points at each inter-unit
space.

16. The solar-cell array of claim 15, in which each

said ohmic connection is a metal filling which effec-
tively closes the inter-unit space.

17. The solar-cell array of claim 15, in which each
said ohmic connection is a metal filling essentially lim-
ited to the narrower region of each inter-unit space, the
wider region of each inter-unit space being unfilled and
therefore establishing a passage for conduct of a flow of
heat-exchange liquid.

~ 18. A semiconductor solar cell comprising a plurality

of spaced, elongate, parallel units formed from a com-
mon substrate, the body material of each of said units
being comprised of a first conductivity type and having
the same spaced relation to the body material of other of
sald untts as in the original substrate from which they
are formed, each unit having spaced, elongate sidewalls
and adjacent sidewalls of adjacent units having therebe-
tween a dead-space area comprised of an upper portion
and a lower portion, said upper portion of the dead-
space area being substantially narrower than said lower
portion of the dead-space area, each sidewall of each
unit containing a region of a second conductivity type,
and connection means including a conductive element
having ohmic contact with said second. conductivity
“type region of one unit and ohmic contact with a first
conductivity type region of an adjacent unit.
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said predetermined optimum distance.

23. The semiconductor solar cell of claim 22, whereln
the maximum of said predetermined optlmum distance
is about 2 mils. | |

24. A semiconductor solar cell, comprlsmg a plurality
of spaced ‘elongate, parallel units formed from a com-
mon substrate, the body material of each of said units |
being comprised of a first conductivity type and having
the same spaced relation to the body material of other of

'said units as in the original substrate from which they

are formed, each unit having upstanding sidewalls
wherein upper edges of the sidewalls of each unit are
spaced a first fixed distance from each other by an elon- |
gate upper surface extending between the upper edges
of the sidewalls and wherein lower edges of the side-
walls are spaced a second fixed distance from each
other by an elongate lower surface extending between
the lower edges of the sidewalls, said first fixed distance
being greater than said second fixed distance, said upper
surface being adapted for exposure to receive incident
radiation, and said first fixed distance being limited to
twice a predetermined optimum distance, whereby radi-
ation incident at any point on said upper surface is inci-

~dent at a point spaced from at least one of the unit side-

walls by no more than said predetermined optimum
distance, each unit further comprising a region of a

~ second conductivity type in at least one of the sidewalls
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of each unit, and separate conductive connections estab-
lishing ohmic contact between the second conductivity
type region of one unit and the first conductivity type
region of another unit. | |

25. The semiconductor solar cell of claim 24, whereln'
adjacent sidewalls of adjacent units are separated by a
first space portion extending from the lower edges of

“the sidewalls to a predetermined point close to but short

of the upper edges of the sidewalls and by a second
substantially smaller space portion connected to said
first space portion and extending from the predeter-

- mined point to the upper edges of the sidewalls.
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26. The semiconductor solar cell of claim 25, wherein

said second conductivity type region in the unit side-

walls extends from the lower edges of the sidewalls, to
the predetermined point, whereby said second conduc-
tivity type region is buried beneath the upper surface of
the spaced units. | |

27. The semiconductor solar cell of claim 24, wherein
the maximum of said predetermined optimum distance
is about 2 mils.

28. A semiconductor solar cell comprising a plurality
of spaced, elongate, parallel units formed from a com-
mon substrate, the body material of each of said units
being comprised of a first conductivity type and having
the same spaced relation to the body material of other of
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close to but short of the upper surface and a second sub-
stantially smaller space portion, connected to the first space
portion and extending from said point to the upper surface,
at least one sidewall of each unit including a localized
region of a second conductivity type, and means intercon-
necting said units for combining the individual electrical

outputs of said units, said means comprising separate con-
ductive connections establishing ohmic contact with the
respective sidewall regions of said units.

33. A semiconductor solar-cell array comprising a plu-
rality of spaced, elongate, parallel units formed from a
common substrate, the body material of each of said units
being comprised of a first conductivity type and having the
same spaced relation to the body material of other of said

said units as in the original substrate from which they 15 units as in the original substrate from which they are

are formed, each unit having upstanding sidewalls and
having therebetween an upper surface adapted for ex-
posure to receive incident radiation and a lower surface,
said upstanding sidewalls being arranged to provide

formed, each unit having upstanding sidewalls, and having

therebetween an upper surface adapted for exposure to
receive incident radiation and a lower surface, adjacent
sidewalls of adjacent units being more closely spaced at

between the adjacent upper surfaces of adjacent units a 20 juncture with said upper surface than their spacing at

space which is substantially smaller than the corre-
sponding space between the adjacent lower surfaces of
the adjacent units, each unit further comprising a region
of a second conductivity type in at least one sidewall of
each unit, and separate conductive connections estab-
lishing ohmic contact between the second conductivity-
type region of one unit and the first conductivity-type
region of another unit.

29. The semiconductor solar cell of claim 28, wherein
said upper surface extending between the opposite side-
walls of an individual unit separates said sidewalls by a
fixed distance, said fixed distance being limited to twice
a predetermined optimum distance, whereby radiation
incident at any point on said upper surface is incident at
a point spaced from at least one of the unit sidewalls by
not more than said predetermined optimum distance.

- 30. The semiconductor solar cell of claim 29, wherein
the maximum of said predetermined optimum distance
1s about 2 mils. | |

31. A semiconductor solar cell, comprising a plurality
of spaced, elongate, parallel units formed from a com-
mon substrate, the body material of each of said units
being comprised of a first conductivity type and having
the same spaced relation to the body material of other of
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satd units as in the original substrate from which they 45

are formed, each unit having upstanding sidewalls and
having therebetween an upper surface adapted for ex-
posure to receive incident radiation and a lower surface,
~ each unit sidewall comprised of a localized region of a
second conductivity type, said second conductivity
type region extending along the sidewall from said
lower surface to a point close to but short of said upper
surface, whereby said second conductivity type region
1s buried beneath the upper surface, and ochmic connec-
tions extending beneath said second conductivity type
region of one unit and said first conductivity type re-
gion of an adjacent unit.

32. A semiconductor solar-cell array comprising a plu-
rality of spaced, elongate, parallel units formed from a
common substrate, the body material of each of said units
being comprised of a first conductivity type and having the
same spaced relation to the body material of other of said
units as in the original substrate from which they are
formed, each unit having upstanding sidewalls, and having
therebetween an upper surface adapted for exposure to
receive incident radiation and a lower surface, adjacent
sidewalls of adjacent units having therebetween a first
space portion extending from the lower surface to a point
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juncture with said lower surface, at least one sidewall of

each unit including a region of a second conductivity type,
and means interconnecting said units for combining the
individual electrical outputs of said units, said means com-
prising separate conductive connections establishing ohmic
contact with the respective sidewall regions of said units.
34. A semiconductor solar-cell comprising a plurality of
spaced, elongate, parallel units formed from a common
substrate, the body material of each of said units being
comprised of a first conductivity type and having the same
spaced relation to the body material of other of said units
as in the original substrate from which they are formed,
each unit having upstanding sidewalls, and having therebe-
tween an upper surface adapted for exposure to receive
incident radiation and a lower surface, adjacent sidewalls
of adjacent units being more closely spaced at juncture with
said upper surface than their spacing at junction with said
lower surface, corresponding first sidewalls of said units
each including a region of a second conductivity type at
least at a point close to but short of the upper surface,
corresponding second sidewalls of said units each including
a region of said first conductivity type at least at a point in
opposed adjacency to said second conductivity-type point,
and means interconnecting said units for combining the
individual electrical outputs of said units, said means com-

prising separate conductive connections establishing ohmic

contact with the respective sidewall! regions of said units.

35. A semiconductor solar cell comprising a plurality of
spaced, elongate, parallel units formed from a common
substrate, the body material of each of said units being
comprised of a first conductivity type and having the same
spaced relation to the body material of other of said units
as in the original substrate from which they are formed,
each unit having spaced, elongate sidewalls and adjacent
sidewalls of adjacent units having therebetween a dead-
space area comprised of an upper portion and a lower
portion, said upper portion of the dead-space area being
substantially narrower than said lower portion of the dead-
space area, each sidewall of each unit containing a region
of a second conductivity type, and means interconnecting
said units for combining the individual electrical outputs of
said units, said means comprising separate conductive
connections establishing ohmic contact with the respective
sidewall regions of said units.

36. A semiconductor solar cell, comprising a plurality of
spaced, elongate, parallel units formed from a common
substrate, the body material of each of said units being
comprised of a first conductivity type and having the same
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spaced relation to the body material of other of said units
as in the original substrate from which they are formed,
each unit having upstanding sidewalls wherein upper edges
of the sidewalls of each unit are spaced a first fixed dis-
tance from each other by an elongate upper surface extend-
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ing between the upper edges of the sidewalls and wherein

lower edges of the sidewalls are spaced a second fixed
distance from each other by an elongate lower surface
extending between the lower edges of the sidewalls, said
first fixed distance being greater than said second fixed
distance, said upper surface being adapted for exposure to
receive incident radiation, and said first fixed distance
being limited to twice a predetermined optimum distance,
whereby radiation incident at any point on said upper
surface is incident at a point spaced from at least one of the
unit sidewalls by no more than said predetermined opti-
mum distance, each unit further comprising a region of a
- second conductivity type in at least one of the sidewalls of
each unit, and means interconnecting said units for com-
bining the individual electrical outputs of said units, said
means comprising Separate conductive connections estab-
lishing ohmic contact with the respective sidewall regions of
said units.

37, A semiconductor solar cell comprising a plurality of
spaced, elongate, parallel units formed from a common
substrate, the body material of each of said units being
comprised of a first conductivity type and having the same
spaced relation to the body material of other of said units
as in the original substrate from which they are formed,
each unit having upstanding sidewalls and having therebe-

18

incident radiation and a lower surface, said upstanding

sidewalls being arranged to provide between the adjacent
upper surfaces of adjacent units a space which is substan-
tially smaller than the corresponding space between the
adjacent lower surfaces of the adjacent units, each unit

further comprising a region of a second conductivity type in

at least one sidewall of each unit, and means interconnect-

 ing said units for combining the individual electrical out-
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 puts of said units, said means comprising separate conduc-

tive connections establishing ohmic contact with the respec-
tive sidewall regions of said units.

38. A semiconductor solar cell, comprising a plurality of
spaced, elongate, parallel units formed from a common
substrate, the body material of each of said units being
comprised of a first conductivity type and having the same
spaced relation to the body material of other of said units

" as in the original substrate from which they are formed,

20

25

30

tween an upper surface adapted for exposure to receive
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each unit having upstanding sidewalls and having therebe-
tween an upper surface adapted for exposure to receive
incident radiation and a lower surface, each unit sidewall
comprised of a localized region of a second conductivity
type, said second conductivity type region extending along
the sidewall from said lower surface to a point close to but
short of said upper surface, whereby said second conductiv-
ity type region is buried beneath the upper surface, and
means interconnecting said units for combining the indi-
vidual electrical outputs of said units, said means compris-
ing separate conductive connections establishing ohmic

contact with the respective sidewall regions of said units.
- * % ¥ k % .
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