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SOLAR ELECTRIC CONVERSION UNIT AND SYSTEM

This invention pertains to a system of a type for convert-
ing solar energy to energy in a different form, such as
electric energy, and more particularly to such a system
and energy conversion unit arranged and organized to
increase the efficiency thereof so as to minimize cost of
generation of electricity as well as cost of manufacture of
the system and unit.

Background of the Invention

Past designs for solar/electric conversion systems have
typically employed pressed fresnel lenses with long focal
lengths and small acceptance angles. These systems have
sufficiently high costs as not to be suitable for high
volume manufacture.

Pressed fresnel 1lenses are used because sharp edges and
good surface finish is possible, but this is at the expense
of using straight sided or non-undercut lens tips or
facets. Long focal lengths are generally necessary with
these straight vertical sided lenses in order to keep
efficiency high. Some systems have used straight sided
pressed lenses and then curved the lenses after manufacture
in a secondary operation, in order to reduce focal length
without sacrificing efficiency. Both of these approaches
are costly. Also this construction employs side/lens
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joints which are wasted from a light collection point of

view and require increased cost in surface areas.

High efficiency photovoltaic cells are normally made with
grid lines on their surface. These grid lines block a
substantial amount of light from reaching the photovoltaic
cells therebeneath. Thus, wherever previous cells have
been oriented at approximately 90 degrees to the main axis
of the 1lens and since the grid lines thereon serve to
reflect light back outside the lens to be 1lost, the
efficiency of the system is significantly reduced.

Solar concentrating systems which must track the sun
typically have a plurality of modules which are spaced
substantially apart, for example, in some instances by
approximately 100%, in order to avoid shadowing of one
lens module from another when the sun is not directly
overhead, and hence, in this type of system the space left
between modules has been wasted.

The present invention discloses a photovoltaic generating
system organized and arranged to be made and operated at
far lower cost and substantially increased efficiency with
reduced losses and increased acceptance angles. A short
focal length fresnel lens and sides are extruded in one (or
more) pieces and in such a way that the fourth side is made
up of a heat sink which carries the photovoltaic cell
thereon. The fresnel lens is shaped with a curved top
surface and lower lens facets with undercut lens tips to
reduce short focal 1length losses caused by shadowing
between facets. These facets are proportioned to minimize
radial losses and material. (i.e., average facet radial
depth to focal length is preferably in the range of 0.8% to
3.5%).
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Optical efficiency is further enhanced by utilizing the
extruded side walls of the module as light pipes to carry
light from the side/lens joint area via the side walls to a
cell.

The extruded lens is designed with a relatively low top
curvature in order to reduce material and reflective losses
while the lower surface of the lens is more sharply curved
than the top surface. This causes the direction of light
entering to be substantially different or displaced from
the aﬁgle of light leaving the lens. As disclosed herein
the refraction averaged across the face of the lens runs
on the order of approximately 15 degrees.

The outside edges of the fresnel lens or top edges of the
side walls which are normally joints and hence areas of
losses, are shaped to collect this otherwise lost light and
channel it into the light pipe sides. The 1light passing
via the side walls is directed to the photovoltaic cell by
a tapered end section which is reflective on the outside
surface so that the internally refracted light eventually
exits the tapered section adjacent the cell.

The acceptance angle of the system is greatly increased by
making the sides of the module inwardly reflective so that
light entering via the fresnel lens which strikes the sides
of the module and would otherwise be lost, is reflected by
the sides back to the photovoltaic cell and utilized.

A secondary concentrating lens can be employed to increase
the concentration ratio, giving more uniform flux distribu-
tion either as a line or a point focus, lowering the amount
of cell area required and decreasing the overall cost of
the entire systen.
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The efficiency of the system can be increased by replacing
the usual single cell with two cells, each constructed with
a number of spaced parallel conductors with tops of
reflective material. These two cells are disposed
respectively in intersecting planes. In this way, 1lost
reflected light either from the cell or its overlying
conductors is directed to a second cell and a majority of
this otherwise reflected or lost light is used.

A further increase in efficiency is achieved by using two
different types of cells, wherein each "type" of cell
absorbs or responds to a different particular range of
wavelengths of light. Thus, with one cell of silicon and
t+he other of a material such as aluminum gallium arsenide

'(AlGaAs), light not used by one of the two cells is

reflected to the second cell to be used by it and a higher
percentage of the light spectrum is converted to electrical

energy.

While applicant has referred throughout to conversion of
solar energy to electrical energy it is to be understood
that conversion from solar energy to energy in another form
such as steam can be achieved by the same system by
replacing the photovoltaic cell with a coil of tubing
material supplied by a body of water.

The V cells can be made either to reflect selective wave-
lengths from their surface or to absorb light and reflect
unused wavelengths from the reflective back surface of the
cell. A still further increase in efficiency and cost
effectiveness in concentrating systems has been achieved by
utilizing the otherwise wasted space located between
modules which space is normally present to prevent one
module from shadowing the other. To reduce this loss the
intermediate space between adjacent pairs of concentrators
is filled with flat plate type photovoltaic cells arranged
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in either a V cell configuration or in a flat configuration
with a clear thin cover shaped to include a plurality of v-
shaped surfaces. The alternately spaced flat plates absorb
the otherwise lost 1light not used by the concentrators,
thereby increasing the efficiency of the overall system.

Thus, a general object of this invention is to provide a
solar concentrator and system having substantially enhanced
efficiency at lower cost.

Another object of the invention is to increase the ef-
ficiency of the flat plate collectors by either a V shaped
configuration of the cells themselves or to have the cells
arranged to be flat but to have a glass or plastic cover
shaped in a series of V's so that surface reflections are
reduced and the efficiency of the system is thereby in-
creased.

It is yet another object of the invention to provide a
linear concentrating collector of low concentration in
which 1light is simultaneously directed to the top and
underside of the cell. A substantial increase in concen-
tration is then possible without reducing acceptance
angles. This collector can have acceptance angles of plus
or minus 25 degrees by plus or minus 90 degrees and hence
will not need to track the sun, becoming far less expensive
and more reliable.

An additional object of the invention is to provide a heat
sink formed to support the cell from beneath while leaving
a large portion of the underside of the cell exposed to
sunlight. '

A further object of the invention is to provide a short
focal length fresnel lens.
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Another object of the invention is to provide a unitary
extruded body comprising a fresnel lens and a pair of side
walls depending therefrom.

Yet a further object of the invention is to provide a
totally internally reflecting secondary lens.

Yet an additional object of the invention is to provide a
module with internally reflecting sides thereby forming a

wide acceptance angle to the unit.

A further object of the invention is to provide a solar
concentrator which operates with single axis tracking of
the sun and provides a relatively wide tolerance at low

cost.

Yet a further and additional object of the invention is to
provide a staked or snap-on heat sink secured to said body
to form a closure of the module between the spaced edge
margins of the side walls.

An additional object of the invention is to make a large
system to operate relatively inexpensively even with large

tracking errors.

Yet a further object of the invention is to provide light
conductive side walls to a unit of the kind described.

An additional object of the invention is to make a fresnel
lens with undercut facets, in order to obtain a short focal
length.

Yet another object of the invention is to provide a system
and unit with selective wavelength reflection capability so
as to absorb more of the light which strikes one or the
other of the two cells of a V-cell element.
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The fcregoing and other objects of the invention will
become more réadily evident from the following detailed
description of preferred embodiments when considered in
conjunction with the drawings, in which: '

Brief Description of the Drawings

Figure 1 shows a diagrammatic perspective view of an energy
conversion unit or module;

Figure 2 shows a transverse cross section of Figure 1;

Figure 3 shows an enlarged detail view of part of Figure 2
with the secondary lens removed to form an additional
embodiment of the invention;

Figure 4 shows an énlarged. diagrammatic detail view of
Figure 1 showing paths of light rays being refracted by a
fresnel lens, reflected by the side walls, refracted and
internally reflécted by a secondary lens;

Figure 5 shows a further enlarged diagrammatic detail view
of the secondary concentrator lens shown in Figure 4;

Figure 6 shows an enlarged diagrammatic detail view as

shown in Figure 4 with the lens having a 5 degree tracking
error;

Figure 7 shows a further enlarged diagrammatic detail view

of the secondary concentrator lens of Figure 6;
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Figure 8 shows an enlarged corner detail of a lens/wall
connection according to the prior art;

Figure 9 shows an enlarged diagrammatic view in transverse
section of a V-cell, according to the invention;

Figure 10 shows an enlarged view of another embodiment
showing the reflected light path through the side wall;

Figure 11 shows an end elevation view partially in section
of a single axis tracking system according to a preferred
embodiment of the invention;

Figure 11A shows a side elevation view partially in
section showing the system embodiment of Figure 11;

Figure 12 shows a back elevation view of the system
embodiment shown in Figures 11, 11lA;

Figure 12A shows a diagrammatic side elevation view of the
system shown in Figure 12 taken along line 12A-12A thereof;

Figure 13 shows an enlarged diagrammatic detailed view
showing light loss using a flat, horizontal cell;

Figure 14 shows an enlarged diagrammatic detail view of a V
cell construction capturing more light than the flat cell
in Figure 13;

Figures 15 and 16 show enlarged diagrammatic plan views of
photovoltaic cell surfaces with conductive reflective
traces disposed thereon;

Figure 17 shows a diagrammatic perspective V-cell made from
a pair of cells as shown in Figure 15;
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Figure 18 shows a diagrammatic end view partially in
section according to another embodiment of the invention:

Figure 19 shows a diagrammatic perspective view according
to yet a further embodiment of the invention featuring
means for directing light to the underside of a photovol=-
taic cell;

Figure 20 shows a diagrammatic enlarged detail perspective
view of a portion of Figure 19;

Figure 21 shows a diagrammatic transverse section view of a
pair of cells according to another embodiment of the
invention intended to remain stationary;

Figure 22 shows a diagrammatic end elevation section view
of a V cell formed to utilize a greater proportion of light
directed onto a pair of cells of differing materials;

Figure 23 shows a diagrammatic end elevation section view
of a modular unit according to another embodiment of the
invention;

Figure 24 shows an enlarged lower end of Figure 23; and

Figure 25 shows a diagrammatic end section view according
to yet a further embodiment of the invention.

Figure 26 _shows a side elevation view of secondary
concentrators providing a point focus as shown in Figure
27: and

Figure 27 shows a diagrammatic transverse section view of a
module according to another embodiment of the invention
characterized by secondary concentrators for achieving a
so-called point focus.
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Detailed Description of Preferred Embodiments
Figure 1 shows a typical solar energy conversion module

assembly or unit 20 for converting sunlight to electrical
energy. As explained further below, unit 20 is primarily
for use in a solar energy system of a type serving to
convert solar energy to a different form of energy, such as
electrical energy, and comprises an elongate extruded
unitary body 21 including an arcuate elongate fresnel lens,
22. The outer surface of lens 22 is smooth while the inner
surface thereof is formed with a number of facets 22a.

Sidewalls 23 depend from the side edges 25 of lens 22 and
angle toward each other as shown best in Figure 2. The
sidewalls 23 carry means, such as a reflective layer 24 of
material such as made and sold under the trademark "Mylar"
of the Dupont Corporation. This material can be applied to
either the outside or inside surface of the walls 23, the
only objective being merely to reflect light inwardly of
unit 20.

Thus, the reflective sidewalls 24 depend from the side
edges 25 of lens 22 and are angled toward each other. The
free edges 26 of sidewalls 23 are spaced apart to form an
open side to unit 20 opposite lens 22.

Thus, as shown in Figures 4, 5, 6 and 7 the effect or
benefit derived from the use of internally reflecting
sidewalls 23 will be clearly explained further below.

With a tracking error of 2zero degrees, light which is
gathered in by the outer edges of lens 22 will be refracted
back to the interior of the unit to focal point 19 below
cell 29, so as to strike the secondary concentrator 32.
Accordingly, the light rays 34 are deflected by means of
the reflective side wall 23 whereas rays 36 are also
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deflected by means of a reflective side wall at 37 along-
side the secondary concentrator 32, all by total internal
reflection with secondary 32. Accordingly, by providing
reflective side walls more of the sunlight falling upon
lens 22 will reach photovoltaic cell 29 located at the
bottom of unit 20. This, accordingly, substantially
increases the angle of acceptance of lens 22.

The foregoing description pertains to a situation where
there is no error in tracking the sun. However, in Figures
6 and 7 a tracking error of 5 degrees has been represented
and this, of course, is where the wide acceptance angle of
the lens assembly 22 becomes significantly important. Note
for example in Figure 7 where the left side reflective wall
serves to redirect many of the beams of light onto the
region 29a of photovoltaic cell region 29A. Accordingly,
it is clear that a substantial tracking error can occur
using equipment of the kind described without significant
loss of sunlight.

As shown in Figure 3, the secondary concentrator 32 has
been removed to provide another embodiment at lesser cost
and with somewhat lesser performance.

As shown in Figure 25 the space defined between adjacent
pairs of modular units 51 includes elongate flat photo-
voltaic cells 59 which will receive sunlight 62 as it
passes through an elongate clear plastic or glass cover 61.
Cover 61 can be flat and spaced parallel to cell 59, but
preferably shaped to include a series of parallel spaced V-
shaped surfaces 6la so that surface reflections are reduced
and the efficiency of the system correspondingly increased.

V cells 39 can similarly be interposed between adjacent
pairs of elongate modular units 51 as shown in Figure 18.
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Thus, in Figure 18 the sunlight 62 is shown as being
directed downwardly at its vertical position onto a V cell

39 as previously described.

V cells 39 are disposed in parallel relation between
adjacent pairs of elongate modular units 51 so as to
increase the efficiency of this system without substantial

increase in cost.

Thus, as shown in Figure 18 the modular units 51 are
carried between a pair of side channels 63 of rigid mater-
jal with simulated light rays 62, 64 shown in phantom
lines. Accordingly, it will be evident that as the sun
moves across the array of modular units 51, the sun will
eventually be directing sunlight substantially normal to
the array. The sun will however continue to move across the
sky and the sunlight will take a path defined by light rays
64 which will remain substantially directly applied to
modular units 51 by virtue of the fact that a suitable
clock operated driving means 58 will be moving all of the
units 51 simultaneously so that they will be following the
sun without need to be tracked in a north south direction.
Thus, the increase in angle of acceptance of lens 22 as
arranged herein provides a substantial economy in not
requiring highly accurate tracking in two mutually perpen-
dicular directions.

Shown in Figures 19 =- 21, stationary modules of the kind
generally described serve to gather sufficient light to be
entirely satisfactory while substantially free of any
tracking. Accordingly, as shown in Figure 19, a pair of
modular units 66, 67 each include fresnel lenses 68 as
described above and reflective side walls 71 serving to
reflect sunlight back inwardly of units 66, 67 as well as
outwardly toward reflector 73.
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Each unit 66, 67 includes a V-cell energy converting unit
72 having means supporting the energy converting unit 72 to
expose both the top and bottom thereof to sunlight simul-
taneously. Accordingly, by using means serving to direct
sunlight onto the bottom of unit 72 contemporaneously with
the directing of sunlight onto the top of the energy
converting unit~'72, the modular units 66, 67 serve to
generate more energy at a given orientation.

Thus, betwéen the two modular units 66, 67 in the space
therebetween there is disposed an inverted V-shaped
reflector 73. 1In addition, the energy converting portion
of V cell 72 has been supported by comb means 74 formed
from heat sink 77 whereby large portions of the enerqgy
converting cell 72 are exposed from beneath. Accordingly,
by providing the mirrors 7la, 73 between units 66, 67 it is
possible to direct sunlight to both the topside and the
bottom side of the energy converting V cells 72 simultan-
eously, notwithstanding the oblique direction of the sun's
rays, e.g. 75.

Means for maintaining units 66, 67 in substantially
parallel relation in a stationary array comprises the pair
of panels 76 and 77 formed as a heat sink integrally with
comb 74.

Accordingly, by being able to direct sunlight against
opposite surfaces of the V cell 72 substantial efficiency
in converting sunlight to electrical energy is achieved.

Yet another embodiment, as shown in Figure 21 includes a
stationary array provided by extruding the side walls 78
and lenses 79 and then closing the opening opposite lenses
79 by means of a V cell 81 secured to the bottom edge
margin of sidewalls 78 by means of a snap fitting 82.
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In addition, a reinforcing panel 83 extends between the
bottom edge margins of walls 78 to provide a semi-rigid

array structure.

As shown in Figure 21, modular units of the kind described
serve to receive sunlight over an angle of plus or minus 25
degrees while remaining stationary. This, of course, elim-
inates all of the expense of the tracking means otherwise

involved.

A means for enhancing the efficiency of the P.V. cells is
to arrange them in a V configuration as shown in Figures 9
and 24. In a standard cell arrangement shown in Figure 16,
light rays 84, Figure 13, striking the traces 50 are
entirely lost and 4% of the light striking the cell between
the traces is also reflected and lost. Further, connecting
strip 46 is totally out of the light path as in Figure 13
and hence wasted.

In Figure 15, the normal conductive solder strip 46 of
Figure 16 is replaced by solder tabs 44 and conductors 60,
Figure 17. Traces 45 in Figure 15 and conductive tabs 60
in Figure 17 are both made to be reflective, and since they
are also formed in a V configuration as in Figure 17, light
84, Figure 14, striking the reflective traces 45 or tabs 60
will be reflected across to the opposite cell and only a
small percentage lost. Also, 1light striking the cell
itself between traces which is reflected and normally
lost, as in Figure 13, will be mostly absorbed, even if no
anti-reflective (AR) coating is used; and since all of cell
35, Figure 14, is in the light path, cell size can be, and
has been, reduced.

A further increase in efficiency of the V cell can be

obtained as in Figure 22 where one cell is for example,
Aluminum Galium Arsenide 87, and the other Silicon 86.
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Aluminum Galium Arsenide (AlGaAs) has an electron band gap
of approximately 1.8 electron volts (e.v.) while silicon
has approximately 1.2 e.v.. If each V cell is coated with
a selective AR coating so that the AlGaAs cell reflects
light of wavelengths below 1.8 e.v. and if the silicon cell
is coated so that wavelengths above 1.2 e.v. are reflected,
then light 84 which is not used by the AlGaAs cell 87 will
be used by the silicon 86 and light 84 not used by the
silicon cell 86 will be reflected across and be used by the
AlGaAs as in 87. 1In this way extra light is absorbed and
more energy is generated.

Another embodiment of the V cell arrangement of Figure 22
would be to have the AlGaAs cell 87 replaced by a cell of
a type such as is shown at 91 of Figure 24 wherein light
which is not absorbed by 91 is reflected by the back of the
cell 91 onto the opposing V cell 97.

Another variation of the V cell is shown in Figures 23 and
24. In this configuration cells 91 are arranged and or-
ganized to accept almost all 1light. Cell 91 has been
manufactured of aluminum gallium arsenide with a low doped
substrate with a reflective backing 92 as well as reflec-
tive traces 93. Light 96 falling on the area of the cell
between the traces 93 which is of a lower wavelength and
not used or consumed by the cell is reflected as at 94 by

‘the back 92 onto another cell 97, for example, of silicon

to be used.

Another embodiment is shown in Figure 27. Moulded lenses
form a secondary lens 98 which enhances the effects
described above and shown in Figures 23 and 24 by forcing

rays 96 to be more constant and vertical in striking cell
99.
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The moulded secondary lenses 98 are formed to also concen-
trate the 1light in the axial direction shown in Figures
26, 27 so that a so-called "point focus" is achieved giving
higher concentrations, inproved efficiency, and lower cell

costs.

Normally lenses and sides are joined by projections and
joining pieces such as the retainer 101, as shown in
Figure 8, which results in these jointed regions 102 being
lost, with material and labor being wasted.

In a preferred embodiment shown in Figure 10, the joined
region 102, Figure 8, is replaced by a tapered light
collector 36. Collector 36 is an integral part of extruded
lens 22 and side 23.

Light collected by tapered collector 36 is directed down
sidewalls 23 which act as light pipes, conducting light by
internal reflection to a tapered portion 47 which has an
outside reflection area 48 causing the light carried by the
light pipe 23 to be directed from portion 47 so as to be
collected by cells 39.

From the foregoing it should be readily evident that there
has been provided an improved system for converting solar
energy to energy in a different form. In the present
instance the different form of energy is electrical energy
and it is also evident that the solar energy received can
be used if desired to provide steam by heating a heating
coil containing vapors or the like located in the region of
the solar electric conversion cell.
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CLAIMS:

l. For use in a solar energy system of a type serving to
convert solar energy to a different form of energy; an
energy conVerting unit comprising an elongate extruded
unitary body including an arcuate, elongate fresnel 1lens,
the outer surface of said lens being smooth and the inner
surface being formed with a number of facets thereon:
reflective side walls depending from the side edges of said
fresnel lens and angled toward each other, the free edges
of said side walls being spaced apart to form an open side
to said unit opposite said fresnel lens; a n
elongate heat sink means carried by said free edges to form
a closure to the open side opposite said fresnel lens; and
energy converting means carried by said heat sink means and
responsive to receipt of solar energy thereon for gener-
ating energy in the different form.

2. In an energy converting unit according to cClaim 1,
further including a totally internally reflective secondary
concentrator lens disposed to fill said open side of said
unit for directing and concentrating solar energy onto said
energy converting means.

3. The invention according to Claim 1 wherein said energy
converting means comprises a pair of photovoltaic cells
disposed to lie in intercepting planes to form a V cell.

4. The invention according to Claim 3 in which one of said
pair of photovoltaic cells responds'to,part of the wave-
length of light striking same and reflects the remaining
wavelength onto the other one of said pair of photovoltaic
cells.

5. The invention according to Claim 1 in which said side
walls include a plurality of light concentrators and light
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pipe means therein originating adjacent the side edges of
caid fresnel lens, said side wall light pipe means serving
to direct 1light therethrough to be discharged onto said
photovoltaic cells.

6. The invention according to Claim 5 in which the bottom
inner edge margin is transparent for discharging light
therethrough, and the bottom outer edge margin lies at an
angle converging with respect to the bottom inner edge
margin and means forming a reflective surface on the bottom
outer edge margin serving to direct light from within the
side wall onto said photovoltaic cell.

7. A solar energy system of a type serving to convert
solar energy to a different form of energy comprising

a plurality of elongate energy converting units disposed

to form an array thereof and disposed to lie in a plane;
each said unit being supported on an associated axis to be

tipped between advanced and retracted positions;

means coupled to each said unit for moving said units
conjointly between said positions at a rate corresponding
to the rate of movement of the sun thereacross.

8. A solar energy system as in Claim 7 wherein said units
are spaced laterally apart sufficiently to accommodate said
movements between advanced and retracted positions thereby
leaving predetermined open spacing therebetween, a sup-
plementary energy converting unit carried in said spacings,
said supplementary energy converting units comprising
elongate photo-voltaic cell means lying in said spacing.

9. The invention according to Claim 8 in which said sup-
plementary unit comprises a pair of photovoltaic cells
disposed to lie in intercepting planes to form a V shaped
cell therebetween.
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10. An energy converting unit according to claim 3
comprising means supporting said energy converting cell to
expose both the top and bottom thereof to sunlight, and
means serving to direct sunlight onto said bottom contem-
poraneously with the direction of sunlight onto the top of
said energy converting means so as to generate more energy
at a given position.

1l. For use in a solar energy system of a type serving to
convert solar energy to a different form of energy; an
energy converting unit comprising an elongate extruded
unitary body having an arcuate elongate fresnel lens, the
outer surface of said lens being smooth; reflective side
walls depending from the side edges of said lens and angled
toward each other to form an open side to said body oppo-
site said fresnel lens; means for closing said open side
comprising an elongate panel forming a heat sink secured to
the bottom edges of said side walls; and photovoltaic cell
means for converting solar'energy to energy in a different
form, said cell means being carried by said panel.

12. The invention according to Claim 11 in which said
panel is formed along the side edges thereof to engage the
edge margins of the sides of said body to retain said panel
thereto.

13. For wuse in a solar/electric system an energy
converting means serving to convert solar energy to
electrical energy comprising first and second photovoltaic
cells, each cell carrying a plurality of spaced parallel
reflective traces extending thereacross; s aid
photovoltaic cells 1ying in intersecting planes
respectively to form a V-cell therefrom in order to reflect
unused light from one cell to the other.
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14. TFor use in a solar/electric system an energy
converting means serving to convert solar to electric
energy comprising an elongate flat photovoltaic cell and a
clear cover overlying same; said clear cover being formed
to include a series of elongate parallel spaced V-shaped
surfaces serving to reduce surface reflections and thereby
to enhance the efficiency of said cell.

15. In a system for converting solar energy into elec-
tricity, a module comprising an extruded linear fresnel
lens carrying extruded side walls, a heat sink extending
between said side walls, and a photovoltaic cell carried by

said heat sink.

16. A system as in Claim 15 in which said side walls are
reflective to reflect light inwardly of said module.

17. A system as in Claim 15 in which said fresnel lens
has a short focal length.

18. A system as in Claim 15 in which said lens has a
short focal length and said side walls are reflective to
direct light from said lens inwardly of said module.

19. In a system according to Claim 15 in which said lens
comprises a short focus fresnel lens in which the focal
point is disposed on the remote side of said cell with

respect to said lens.

20. In a system according to Claim 15 in which said lens
and side walls are integrally extruded together.

21. In a system according to Claim 15 in which said heat

sink snaps together with said side walls to form a closure
therebetween.
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22. In a systenm according to Claim 15 further including a
secondary lens carried between the lower edge margins of
said side walls for further concentrating said solar energy
onto said cell.

23. In a system as in Claim 22 in which said secondary
lens has been formed as an extruded portlon of one of said
side walls.

24. In a system for converting solar energy into elec-
tricity comprising a photovoltaic cell, an elongate lens
and side walls depending therefrom, said walls and lens
being extruded together to form an integral joint there-
between, said joint forming a light cbllecting region.

25. In a system for converting solar energy to electri-
city an improved photovoltaic cell assembly comprising a
pair of'photovoltaic cells disposed adjacent each other,
said cells 1lying respectively in intersecting planes to
form a V shaped cell assembly.

26. In a system according to Claim 25 in which said pair
of cells each carries conductive reflective traces thereon
exposed to light.

27. In a system according to Claim 26 in which =aid
reflective conductive traces of said pair of cells are
respectively disposed to be angled in opposite directions.

28. In a system according to Claim 25 in which at least
one of said pair of cells carries a reflective backing, the
reflective surface of said backing facing the back surface
of said cell.

29. In a fresnel lens system wherein the average radial
depth of the facets to the focal length of said lens as a

SUBSTITUTE SHEET




10

15

20

25

WO 90/04142 PCT/US89/04425

-22=

percentage thereof lies substantially in the range between

0.8 and 3.5 percent.

30. In a system according to Claim 23 wherein said side
walls function as light pipes for carrying light collected
by said region to said cell.

31. In a photovoltaic solar cell comprising plural V
cell means; reflective trace means carried by said V cell
means and angled with respect to each other to form
intersecting planes, and reflective conductive connections
disposed and arranged to locate substantially all said V
cell means to be exposed to light.

32. In a photovoltaic solar generating system an array
comprising fixed modules and movable modules, said movable
modules being disposed to track the sun in a given direc-
tion, said movable and fixed modules being disposed

alternately across said array.

33. In a system as in Claim 15 comprising a plurality of
said units in which said side walls carry reflective
material on both the inner and outer sides thereof, and an

"inverted V shaped reflector disposed between adjacent pairs

of said units, the side walls of said units confronting
said reflector serving to reflect light received at an
oblique angle and to redirect such light onto the underside
of said cell via said reflector, said heat sink having open
portions thereto exposing the underside of said cell to
light reflected onto it.
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