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25,647
SOLAR CELL SYSTEM
Alfred E. Mann, Hollywocd, Michael B. Dubey, North
Hollywood, Martin Wolf, Altadena, Eugene L. Ralph,
San Gabriel, Robert L. Oliver, Inglewood, and Saul
Shuster, Northridge, Calif., assignors to Spectrolab, a
Division of Textron Elecironics, Inc., a corporation of
Delaware
Original No. 3,094,439, dated June 18, 1963, Ser. No.
126,247, July 24, 1961. Application for reissue
Oct. 22, 1963, Ser. No. 318,134
6 Claims., ({ClL 136—89)

Matter enclosed in heavy brackets [ 1 appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to an improved solar cell system
for converting solar energy into electrical energy.

Adequate electrical power for operating satellite in-
struments requires a relatively large solar semsitive area
for conversion of solar energy into electrical power. As
a practical matter, the provision of alarge area is
achieved by providing a very large number of separate
solar cells in side by side relationship to form an overall
array. Sufficient current is attained by paralleling a
great number of cells together. Sufficient voltage, in
turn, is provided by connecting a large number of the
cells in series with each other. The array thus com-
prises a parallel-series matrix.

Generally, each cell is of a rectangular shape and in-
cludes a conducting lower surface usually comprising
solder to which one terminal connection is made. The
upper surface of the cell constitutes the solar sensitive
surface and includes suitable current pickup means to
which the other terminal is connected. The desired se-
ries electrical connections between the cells can be effected
and has been effected in the past by providing a shingled
structure wherein the bottom end surface of one cell
overlaps the top end surface of an adjacent cell. This
arrangement provides relatively good electrical contact
between adjacent cells with minimum possibility of in-
advertently shunting any one cell. On the other hand, the
shingled arrangement involves an overlap of approxi-
mately ten percent of the usuable cell surface. This fact
coupled with the resulting slant of the cells decreases the
effective overall sensitive area for a given number of cells
as compared to the area that would be available if all of
the separate cells were coplanar.

Another problem with shingled arrays is that if one
cell should become defective, it is necessary to remove
several cells in order to replace the one damaged cell.
Further, with the cells cemented directly to each other,
the overall array is rigid and subject to cracking or break-
ing under thermal or vibrational shocks.

In instances wherein a large number of cells have been
placed in coplanar relationship, complicated interwiring
circuits between the cells have been required to provide
the desired series and paraliel connections. Such mul-
tiple connections not only decrease the reliability of the
overall structure, but add considerably to the manufac-
turing expense of large solar cell systems.

With the foregoing in mind, it is a primary object of
this invention to provide a vastly improved solar cell
system in which all of the above noted problems are
either overcome or substantially diminished.

More particularly, it is an object to provide a solar
cell system which provides an increased active area for
a given number of cells and yet in which series and par-
allel interconnections are reliable and economical.

Another important object is to provide an improved
solar cell array of given capacity which is of substan-
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tially less weight than known cell arrays of equivalent
capacity.

Still another object is to provide an improved array
which is relatively resistant to both thermal and vibra-
tional shock.

Another object is to provide a solar cell array in which
all of the cells are co-planar with the subsequent advan-
tage of easy removal and easy replacement of any one
cell.

A particular object of the invention is to provide an
improved solar cell unit so designed as to optimize the
withdrawal of current therefrom with a minimization of
eclipsing of active surface area of the cell to the end
that the overall efficiency of any one unit cell is greatly
increased.

Brieflly, these and many other objects and advantages
of this invention are attained by providing a cell system
comprising coplanar adjacent rows, each row including
a plurality of solar cells inside by side coplanar relation-
ship with each other and with the rows. Suitable con-
tact means in the form of elongated flexible strips pass-
ing between the rows serve to connect the cells in each
row in paralle]l with each other, and also connect the
cells in one row in series with the cells in the next adja-
cent row.

In a preferred embodiment, the strips have an upturned
flange extending between adjacent rows and include tab
elements bent [ninety degrees] to engage the top surfaces
of the side by side cells in the next adjacent row. With
this arrangement, the cells may be disposed very close
to each other and yet a reliable electrical connection is
insured. Further, the cells may be individually adhe-
sively mounted and because of the flexibility of the con-
necting strips, the overall array is thus much more re-
sistant to thermal and vibrational shocks.

In accordance with an important feature of the inven-
tion, each unit cell itself includes current pickup means
on its surface in the form of a printed circuit wherein
current is conducted to corner terminal points along a
pickup circuit path which tapers in width so as to pro-
vide a relatively constant current density, By such an
arrangement, the sensitive area eclipsed by the printed
circuit is minimized for a given current output.

A better understanding of the invention will be had
by now referring to a preferred embodiment thereof as
illustrated in the accompanying drawings, in which:

FIGURE 1 is a perspective view of a solar cell system
in accordance with the present invention;

FIGURE 2 is a greatly enlarged perspective view of a
portion of the structure of FIGURE 1;

FIGURE 3 is a top plan view of one of the unit cells
incorporated in the system of FIGURES 1 and 2; and

FIGURE 4 is an enlarged fragmentary perspective
view of a portion of one of the contacting means illus-
trated in FIGURES 1 and 2.

Referring first to FIGURE 1, the solar cell system in-
cludes a plurality of adjacent rows of cells, such as shown
at R1 and R2, each row including a plurality of side by
side cells. The side by side cells in each row are essen-
tially coplanar with each other and with the cells in the
adjacent rows.

The various rows include connecting means in the
form of elongated flexible strips 12 having under por-
tions arranged to engage in electrical relationship the
under end portions of the side by side cells in one row,
and upper contacting means in the form of bent tabs
13 for engaging upper end surface portions of the cells
in the next adjacent row. With this arrangement, the
strips 12 serve to connect the various cells in each row in
parallel with each other, and the tabs 13 serve to con-
nect adjacent rows in series with each other.
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One end of the array connects to a terminal lead 14,
indicated as positive, and the other end of the array con-
nects to a negative terminal lead 15.

A clearer understanding of the construction will be had
by referring to FIGURE 2 which illustrates two side by
side cells in one or the rows. As shown, the bent tab
elements 13 are arranged to engage conducting circuit
means on the top surface of the cells. These circuit means
comprise a transverse conducting path 16 along one end
of the cell as shown. Pickup current paths 17 and 18 re-
spectively extend normally from the transverse path 16
towards the opposite end of the cell. These current paths
taper as shown, the purpose for which will become clearer
as the description proceeds.

Each cell is made up of negative “N” material and posi-
tive “P” material, the underside of the cell constituting
a conducting surface S which may comprise solder. The
top side A of the cells constitutes the solar semsitive
surface.

With reference to FIGURE 3, the transverse path 16
terminates at the upper end corners in enlarged terminal
areas 19 and 20, as shown. Preferably, these areas are
triangularly shaped to conform to half of the triangular
shape of each of the tabs 13. The transverse path is
provided with a given width w corresponding to the ini-
tial width of the pickup paths 17 and 18. The widths of
each of the pickup paths 17 and 18 narrow as indicated at
w’ towards a point in the direction of the opposite end of
the cell along the length L. By this arrangement, the cur-
rent density within the respective paths 17 and 18 may be
made substantially constant since the current is drawn
from the left end of the cell as viewed in FIGURE 3,
and the total number of electrons will increase along the
pickup paths 17 and 18 as the distance towards the trans-
verse path and end terminals decreases.

Maximum current pickup is realized by spacing the
two pickup paths 17 and 18 such that the distance Y be-
tween each pickup path and its adjacent longitudinal edge
of the cell 11, are equal, and the transverse distance 2Y
between the paths 17 and 18 is twice this first mentioned
distance. With such dimensioning, each of the pickup
paths 17 and 18 will draw electrons from approximately
half of the top surface of the area of the cell 11 so that
with both paths the entire surface is provided with a
means for conducting current generated therein to the
corner terminals.

Referring now to FIGURE 4, there is illustrated in en-
larged fragmentary form the strip 12 [wherein} wherein
will be noted that the main strip portion is arranged to en-
gage the soldered under end portions of the cells as de-
scribed in FIGURE 2, and wherein the top tabs 13 are tri-
angularly shaped. The strip 12 includes an upturned flange
21 which extends vertically between the adjacent rows of
cells. This flange may be provdied with an insulated
coating on both sides as indicated at 22 and 22’ to prevent
shunting of the top and bottom surfaces of any cells
abutting against the upturned flange.

The apex of the triangularly shaped tab 13 as clearly
seen in FIGURE 2 lies along the dividing line between
adjacent cells so that approximately half the triangular
area engages adjacent corners of the adjacent cells. Thus,
the triangular terminal areas 19 and 20 shown in FIG-
URE 3 need be of an area only half that of the triangular
area of the tab.

By providing contact at each of the corners, a redun-
dancy is provided which will insure not only excellent
reliability but also maximum effectiveness in removing
the current picked up by the conducting paths.

Also by individually £cementing§ soldering the cells to
the strips in side by side relationship in adjacent rows, they
will be held together in a more flexible manner, the actual
assemblage being secured by the strip itself which is flex-
ible. Thus, the entire array is more resistant to thermal
and vibrational shock than is the case where the cells are
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directly connected as in the shingled structures used here-
tofore.

Further, it should be noted that if it is desired to remove
a defective cell, it is only necessary to unsolder the end
tabs and pry them upwardly. The old cell is then removed
and a new cell cemented in place. The tabs 13 are then
bent downwardly to engage the same.

The operation of the foregoing described solar cell
system will be evident. The various side by side cells as
stated are all connected in parallel through the strips 12
so that their currents will all add. The various rows them-
selves are conmected in series through the tabs 13 so that
the voltages developed across each cell will add.

In use, several separate arrays in the form of modules
may be made up and placed in side by side relationship
to form an exceedingly large surface area. Electricity
generated as a consequence of solar radiation impinging
on the sensitive surfaces of the various cells may then
be used to drive electrical equipment in a conventional
manner.

While only one particular embodiment of the solar cell
system of this invention has been set forth and described,
various changes that fall clearly within the scope and spirit
of the invention will occur to those skilled in the art. The
solar cell unit itself as well as the solar cell system is,
therefore, not to be thought of as limited to the particular
embodiment set forth merely for illustrative purpose.

What is claimed is:

1. A solar cell system comprising, in combination: a
solar cell array including a plurality of essentially co-
planar adjacent rows of solar cells, each row including a
plurality of cells in side by side essentially coplanar rela-
tionship; and a plurality of elongated flexible strips sep-
arating said rows, each strip running beneath and elec-
trically engaging the under end portions of the side by
side cells in one row and including and upturned flange
extending between said row and the next adjacent row,
said upturned flange including tab elements bent Eat right
angles} to overlie and electrically engage upper end por-
tions of the side by side cells in said next adjacent row
whereby the cells in each row are connected in parallel
and the paralleled cells of each row are connected through
said strips in series with the cells in the next adjacent row
and whereby flexibility in the connections is provided by
said strips so that a relatively non-rigid array results.

2. A system according to claim 1, in which each cell
has a conductive circuit on its upper surface including
enlarged terminal areas at the corners of one end for
engagement by portions of said tab elements; a transverse
circuit connecting said terminal areas running across the
top end surface of said cell between said top corners;
and at least one elongated pickup circuit running longi-
tudinally from said transevrse circuit towards the oppo-
site end of said cell, said pickup circuit narrowing in
width as it approaches said opposite end so that the cur-
rent density in said circuit is substantially constant.

3. A system according to claim 2, in which opposite
sides of said upturned flange are coated with insulation.

4. A system according to claim 3, in which said tab
elements are triangular in shape with one apex of the
triangle falling on the dividing line between side by side
cells, said terminal areas being triangularly shaped and
each of an area one-half that of the tab for engagement
by one-half of the triangular shape of said tab whereby
each of said tab elements engages adjacent top corners
of said side by side cells.

5. A rectangular solar cell having a bottom conducting
surface and a top solar sensitive surface and including a
printed circuit on its top surface comprising: a transverse
path between upper corners of said cell at one endl, said
path having a given width and terminating in enlarged
terminal areas at said corners]; and at least one elongated
pickup path extending normally from said transverse path
towards the opposite end of said cell, said pickup path
Ehaving an initial width equal to said given width at the
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point where it leaves said transverse path, said pickup
path then] tapering towards a point as it approaches said
opposite end whereby the current density in said pickup
path is substantially constant.

6. A cell according to claim 5, including an additional
pickup path extending normally from said transverse path
in parallel relationship to said first mentioned pickup
path, the transverse distance between each pickup path
and its adjacent longitudinal edge of said cell being equal
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and the distance between said paths being equal to twice 19 3,053,926

said first mentioned distance.
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