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CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of U.S. Provisional Patent Application 

No. 60/915,207 filed May 1, 2007; U.S. Provisional Patent Application No. 60/942,745 filed 

June 8, 2007; and U.S. Provisional Patent Application No. 60/951,775 filed July 25, 2007, 

which are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to solar panels. More particularly, the 

present invention relates to light-guiding concentrator solar panels.

BACKGROUND OF THE INVENTION

[0002a] Any discussion of the prior art throughout the specification should in no way be 

considered as an admission that such prior art is widely known or forms part of common 

general knowledge in the field.

[0003] Solar panel assemblies having photovoltaic (PV) cells arrayed over a large surface 

area directly exposed to the sun are known. However, PV cell material is expensive and 

solutions have been sought to reduce the amount of PV cell material required in solar panels. 

One of these solutions makes use of concentrating optical elements, such as lenses and 

mirrors, to concentrate sunlight on a smaller surface area occupied by a correspondingly 

smaller PV cell. Given that the concentrating optical elements all have a non-zero focal length, 

they make for concentrated photovoltaic (CPV) modules that are typically bulkier than their 

non-concentrating counterparts. This bulkiness is disadvantageous not only in terms of the 

handling of the CPV modules, but also in terms of material costs. It is possible to obtain less 

bulky CPV modules while maintaining the same concentration factor by reducing the size of 

the PV cell; however, dicing PV cells into smaller cells increases the complexity and cost of the 

modules.

[0004] Additionally, present CPV modules typically require that the concentrating optical 

elements by secured in a complex structural enclosure to hold all the elements in place. This 

invariably adds to the weight and cost of the CPV modules, and makes for either stricter 

shipping requirements to mitigate risk of breakage of the assembled CPV modules or, requires 

that the CPV modules be shipped disassembled to their destination, thereby requiring 

assembly time and effort at the receiving destination.
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[0005] Therefore, it is desirable therefore to provide a CPV module that is less bulky than 

existing CPV modules. It is also desirable to provide a CPV module that requires relatively less 

PV cell material than known CPV modules. Additionally, it is desirable to provide a CPV 

module that requires a less voluminous and complex structural enclosure for concentrating 

optical elements than in known CPV modules.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention, in at least a preferred embodiment, to 

obviate or mitigate at least one disadvantage of previous solar panels.

[0007] In a first aspect, the present invention provides a light-guide solar panel that 

comprises a light-insertion stage having an input surface for receiving light, optical elements 

and at least one optical output aperture, the optical elements being formed between the input 

surface and the at least one optical output aperture to direct the light from the input surface to 

the at least one optical output aperture. The panel further comprises an optical waveguide 

stage having an output surface, the optical waveguide stage being optically coupled to the at 

least one optical output aperture to receive the light therefrom, the optical waveguide stage for 

guiding the light towards the output surface.

[0008] The solar panel can have the optical elements spaced-apart from each other along 

substantially parallel lines and the output surface can be substantially non-orthogonal to the 

input surface.

[0009] The solar panel can have the optical elements spaced-apart from each other along 

substantially concentric circle arcs, and the output surface can be shaped as a circle arc 

substantially concentric with the optical elements.

[0010] The solar panel can have the optical elements include at least one of parabolic 

reflectors, cubic reflectors, hyperbolic reflectors, elliptical reflectors, flat reflectors, Cassegrain 

optics, Winston cone optics, round reflectors, lenses, a hologram and prismatic ridges.

[0011] The solar panel can have the optical waveguide stage wedge-shaped. The solar panel can have the optical waveguide stage at least partially cone-shaped.

2
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[0012] The solar panel can have the optical waveguide stage include a first surface

off of which the light received from the at least on optical output aperture goes through a first 

total internal reflection. The solar panel as claimed can have at least one of the input surface 

and the first surface with a cladding layer formed thereon.

[0013] The solar panel as claimed can have the optical waveguide section with a

plurality of reflector elements formed opposite the first surface, the plurality of reflector 

elements for receiving totally internally reflected light from the first surface and for reflecting 

the totally internally reflected light towards the first surface. The plurality of reflector elements 

can include planar reflectors. The planar reflectors can be substantially parallel to the first 

surface. At least one reflecting element can have total internal reflection surface. The at 

least one optical output aperture can be located in between adjacent reflector elements.

[0014] The solar panel as claimed can be such that substantially no light is coupled

from the optical waveguide stage to the light-insertion stage through the at least one optical 

output aperture.

[0015] The solar panel can be such that the optical waveguide stage guides the light 

towards the output surface through a series of total internal reflections. The solar panel can 

be such that the input surface has a light input area and the output surface has a light 

collecting area, the light collecting area being smaller than the light input area.

[0016] The solar panel can comprise a solar energy collector optically coupled to the

output surface. The solar energy collector can include at least one of a photovoltaic solar cell 

and a heat collector. The solar panel of can further comprise an optical prism for optically 

coupling the output surface to the solar energy collector.

[0017] The solar panel can be such that the optical waveguide stage has at least one

parabolically-shaped interface adjacent the output surface, the at least one parabolically- 

shaped interface for concentrating the light on the output surface. The solar can comprise a 

tapered optical element adjacent the output surface, the tapered optical element for spacing 

the solar energy collector from the optical waveguide stage and for concentrating the light 

onto the solar energy collector. The tapered optical element can have a refractive index 

different than that of the optical waveguide stage.

-3-
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The solar panel can have the optical waveguide stage include a plurality of waveguides, 

each waveguide being optically coupled to one of the at least one optical output aperture, 

each waveguide for receiving the light from a corresponding optical output aperture and for 

propagating the light along the waveguide in a direction determined at least by the optical 

elements. Each waveguide can have a waveguide output surface, the waveguide stage 

output surface comprising the waveguide output surface of each waveguide. The optical 

elements can direct the light to propagate in only one direction along each waveguide or in 

two opposite directions along each waveguide. The optical elements can include a volume 

phase hologram. The optical elements can include a plurality of prismatic ridges.

[0018] The solar panel can be such that the light-insertion stage can include a

plurality of tapered light channels and the optical waveguide stage can include a plurality of 

waveguides, at least one of the tapered light channels being optically coupled to at least one 

waveguide through one of the at least one optical output aperture, each waveguide for 

guiding the light along the waveguide in a propagation direction determined at least by the 

optical elements. The at least one waveguide can include waveguides of different diameters. 

The optical elements can include at least one of a volume phase hologram and prismatic 

ridges for imparting the propagation direction to the light. The optical elements can further 

include at least one of parabolic reflectors, cubic reflectors, hyperbolic reflectors, elliptical 

reflectors, flat reflectors and round reflectors.

[0019] The light-insertion stage can be formed in a first slab of optically transmissive

material and the optical waveguide stage can be formed in a second slab of optically 

transmissive material. The first slab can include the input surface and the optical elements, 

and can have an output profiled surface opposite the input surface. The second slab can 

include an input profiled surface adjacent the output profiled surface, with the output profiled 

surface of the first slab and the input profiled surface of the second slab being 

complementary to each other and defining the at least one optical output aperture.

[0020] The solar panel can be such that the light-insertion stage is formed in first and

second layers of optically transmissive material, and the optical waveguide stage is formed in 

a third layer of optically transmissive material. The first layer can include the input surface 

and further include a first profiled surface opposite the input surface. The second layer can 

include a second profiled surface adjacent and complementary to the first profiled surface,

with the second layer further including a third profiled surface opposite the second profiled 
-4-
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surface. The third layer can include a fourth profiled surface adjacent and complementary to 

the third profiled surface, the third profiled surface and the fourth profiled surface defining the 

at least one optical output aperture.

[0021] The solar panel can be such that the light-insertion stage and the optical

waveguide stage are formed in a same optically transmissive material.

[0022] The solar panel can be such that the light insertion stage has a first section

having a first set of optical elements spaced-apart from each other along a first set of 

substantially concentric circle arcs and a second section having a second set of optical 

elements spaced-apart from each other along a second set of substantially concentric circle 

arcs. The first set of optical elements can direct a first portion of the light in a first direction 

and the second set of optical elements can direct a second portion of the light in a second 

direction distinct from the first direction. The second direction can be opposite the first 

direction. The first section of the light-insertion stage can have at least one first section 

optical output aperture and the second section of the light-insertion stage can have at least 

one second section optical output aperture, the optical waveguide stage having a first section 

optically coupled to the at least one first section optical aperture and a second section 

optically coupled to the at least one second section optical aperture.

[0023] In a further aspect, there is provided a light-guide solar panel that comprisesa

light-insertion stage having an input surface for receiving light, optical elements and at least 

one optical output aperture, the optical elements being formed between the input surface and 

the at least one optical output aperture to direct the light from the input surface to the at least 

one optical output aperture; an optical waveguide stage having an output surface, the optical 

waveguide stage being optically coupled to the at least one optical output aperture to receive 

the light therefrom, the optical waveguide stage for guiding the light towards the output 

surface; and a photovoltaic cell optically coupled to the output surface.

[0024] In yet a further aspect, there is provided a method of fabricating a light-guide

solar panel. The method comprises steps of forming a light-insertion stage having an input 

surface for receiving light, optical elements and at least one optical output aperture, the 

optical elements being disposed between the input surface and the at least one optical 

output aperture to direct the light from the input surface to the at least one optical output 

aperture; forming an optical waveguide stage having an output surface; and optically

- 5-
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coupling the optical waveguide stage to the at least one optical output aperture to receive the

light therefrom, the optical waveguide stage for guiding the light towards the output surface.

[0024a] According to a second aspect of the invention there is provided a light-guide 

solar panel module comprising:

a) a single planar light-insertion molded polymeric slab that is transmissive to 

sunlight including:

an input surface for receiving impinging sunlight, 

a plurality of first optical elements, and

a plurality of optical output apertures formed from the sunlight transmissive 

polymer, each one of the plurality of optical output apertures being associated 

with one of the plurality of first optical elements such that there is a one-to-one 

relationship between each one of the plurality of optical output apertures and 

each one of the plurality of first optical elements,

each one of the plurality of first optical elements being located optically 

in between the input surface and its associated optical output aperture, 

wherein each one of the plurality of first optical elements including a first 

reflector having a single reflective surface positioned with respect to the 

input surface (i) to receive sunlight directly through the input surface at 

an angle smaller than a critical angle for total internal reflection of the 

sunlight at the reflecting surface, and (ii) to reflect the received sunlight 

only once and at an oblique angle with respect to the impinging sunlight 

to focus the sunlight towards the one of the plurality of optical apertures;

b) a single planar wedge-shaped optical waveguide molded polymeric slab that is 

transmissive to sunlight having:

a first surface,

a plurality of stepped second reflectors opposite to the first surface, each 

one of the plurality of second reflectors being associated with one of the 

first optical elements such that there is a one-to-one relationship 

between each one of the plurality of second reflectors and each one of 

the plurality of first optical elements,

an output surface,

wherein the optical waveguide slab being optically coupled to each of 

the plurality of optical output apertures to receive the sunlight therefrom,

the first surface and the plurality of second reflectors being positioned 
6
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and arranged such that the sunlight received via the optical output 

apertures is guided through the optical waveguide slab towards the 

output surface via multiple total internal reflections between the plurality 

of second reflectors and the first surface;

c) a photovoltaic cell for receiving the sunlight having been concentrated by the 

light-insertion slab and the waveguide slab; and

d) a single second optical element that is transmissive to sunlight and has at least 

one reflective surface positioned to redirect at least a portion of the sunlight travelling 

within the waveguide slab towards the photovoltaic cell.

[0024b] According to a third aspect of the invention there is provided a light-guide solar 

panel module comprising:

a) a single planar light-insertion molded polymeric slab that is transmissive to 
sunlight including:

a plurality of first optical elements equally spaced apart from one another, each 

of the first optical elements having:

an input surface for receiving impinging sunlight,

a first reflector having a single reflective surface inclined with respect to 

the impinging sunlight (i) to receive sunlight directly through the input 

surface at an angle smaller than a critical angle for total internal 

reflection of the sunlight at the reflecting surface, and (ii) to reflect the 

received sunlight only once and at an oblique angle with respect to the 

impinging sunlight to focus the sunlight;

b) a single planar wedge-shaped optical waveguide molded polymeric slab that is 

transmissive to sunlight including:

a first reflective surface,

a plurality of stepped planar second reflectors opposite to the first reflective 

surface and being equally spaced apart from one another, 

an output surface,

the optical waveguide slab being optically coupled to each of the first reflectors 

of the light-guide slab to receive the oblique sunlight therefrom, the first 

reflective surface and the plurality of second reflectors being positioned and 

arranged such that the sunlight received from the first reflectors is guided 

through the optical waveguide slab towards the output surface via multiple total
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internal reflections between the plurality of second reflectors and the first 

surface;

c) a photovoltaic cell for receiving the sunlight having been concentrated by the 

light-insertion slab and the waveguide slab; and

d) a single second optical element that is transmissive to sunlight and has at least 

one reflective surface positioned to redirect at least a portion of the sunlight travelling 

within the waveguide slab towards the photovoltaic cell.

[0024c] According to a fourth aspect of the invention there is provided a light-guide solar 

panel module comprising:

a) a single planar light-insertion slab that is transmissive to sunlight having a 

plurality of optical focusing elements equally spaced apart from one another, each of 

the optical focusing elements having an input surface for receiving impinging sunlight,

b) a single planar optical waveguide slab that is transmissive to sunlight including: 

a first reflective surface,

a plurality of reflectors opposite to the first reflective surface and being equally 

spaced apart from one another, 

an output surface,

the optical waveguide slab being optically coupled to each of the optical 

focusing elements of the light-guide slab to receive the sunlight therefrom, the 

first reflective surface and the plurality of reflectors being positioned and 

arranged such that the sunlight received from the optical focusing elements is 

guided towards the output surface via multiple total internal reflections within the 

optical waveguide slab;

c) a cladding layer formed between the light-insertion slab and the optical 

waveguide slab, the cladding layer having a refractive index lower than a refractive 

index of the light-insertion slab and lower than a refractive index of the optical 

waveguide slab;

d) a photovoltaic cell for receiving the sunlight having been received and 

concentrated via the light-insertion slab and the waveguide slab; and

e) a single second optical element transmissive to sunlight having at least one 

reflective surface being positioned and structured to redirect at least a portion of the 

sunlight travelling within the waveguide slab towards the photovoltaic cell.

6b
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[0025] Other aspects and features of the present invention will become apparent to those 

ordinarily skilled in the art upon review of the following description of specific embodiments of 

the invention in conjunction with the accompanying figures.

[0025a] Unless the context clearly requires otherwise, throughout the description and the 

claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive 

sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of 
“including, but not limited to”.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Embodiments of the present invention will now be described, by way of example 

only, with reference to the attached Figures, wherein:

Fig. 1 shows a first embodiment of the light-guide solar panel of the present

invention;

Fig. 2 shows the embodiment of Fig. 1 with a plurality of light rays being focused by 
a single reflector;

Fig. 3 shows details of the embodiment of Fig. 1;

Fig. 4 shows an enlarged view of the embodiment of Fig. 1;

Fig. 5 shows the light-guide solar panel where light rays remain trapped in an

optical waveguide stage;

Fig. 6 shows a light-guide solar panel where light rays escape from the optical 

waveguide stages;

Fig. 7 shows a perspective view of a linear geometry embodiment of the light

guide solar panel of the present invention;

Fig. 8A shows a side view of the embodiment of Fig. 7 with two light rays 
propagating therein;

Fig. 8B shows a front view of the embodiment of Fig. 7 with two light rays 
propagating therein;

Fig. 8C shows a perspective view of the embodiment of Fig. 7 with two light rays 

propagating therein;

Fig. 9 shows a perspective view of a revolved geometry embodiment of the light

guide solar panel of the present invention;

Fig. 10 shows a perspective view of a rectangular section of the embodiment of

Fig. 9;

6c
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Fig. 11 shows a perspective view of an slice section of the embodiment of Fig. 

9;
Fig. 12 shows a portion of a two-layer light-guide solar panel embodiment of 

the present invention;

Fig. 13 shows a portion of an embodiment of the light-guide solar panel of the 

present invention where three reflections occur in the light-insertion stage;

Fig. 14 shows an embodiment of the light-guide solar panel of the present 

invention where Cassegrain optics are used in the light-guide stage;

Fig. 15 shows an embodiment of the light-guide solar panel of the present 

invention where Winston cone optics are used in the light-guide stage;

Fig. 16 shows an embodiment of the light-guide solar panel of the present 

invention where Winston cone optics are used in the optical waveguide stage;

Fig. 17 shows an embodiment of the light-guide solar panel of the present 

invention where Winston half-cone optics are used in the optical waveguide stage;

Fig. 18 shows an embodiment of the light-guide solar panel of the present 

invention where a flat-faceted concentrating element is used in the optical waveguide 

stage;

Fig. 19 shows an embodiment of the light-guide solar panel of the present 

invention where multiple output surfaces are present on the optical waveguide stage;

Fig. 20 shows an embodiment of the light-guide solar panel of the present 

invention where a cladding layer surround the panel;

Fig. 21 shows an embodiment of the light-guide solar panel of the present 

invention made by assembling slices side by side;

Fig. 22A shows a perspective view of a three-layer embodiment of the light

guide solar panel of the present invention;

Fig. 22B shows an exploded view of the embodiment of Fig. 22A;

Fig. 22C shows a side view of the embodiment of Fig. 22A;

Fig. 22D shows an enlarged view of Fig. 22C;

Fig. 23A shows a perspective view of a two-layer embodiment of the light

guide solar panel of the present invention;

Fig. 23B shows an exploded view of the embodiment of Fig. 23A;

Fig. 23C shows an enlarged view of the embodiment of Fig. 23A;

- 7-
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Fig. 24A shows an enlarged view of an embodiment of the light-guide panel of 

the present invention;

Fig. 24B shows an enlarged view of an embodiment of the light-guide panel of 

the present invention;

Fig. 24C shows geometrical details of the embodiment of Figs. 24B and 33D; 

Fig. 25A shows a perspective view of a two-layer embodiment of the light

guide solar panel of the present invention;

Fig. 25B shows an exploded view of the embodiment of Fig. 25A;

Fig. 25C shows an enlarged view of the embodiment of Fig. 25A;

Fig. 26 shows an enlarged view of an embodiment of the light-guide panel of

the present invention;

Fig. 27 shows an assembly of ten light-guide solar panels embodiments of the 

present invention;

Fig. 28 shows a light-guide solar panel of the present invention assembled 

held between ribs;

Fig. 29 shows a heat sink;

Fig. 30 shows photovoltaic cell assembly;

Fig. 31 shows details of a single axis sun tracking mechanism;

Fig. 32A shows a perspective view of a revolved geometry embodiment of the

light-guide solar panel of the present invention;

Fig. 32B shows a top view of the embodiment of Fig. 32A;

Fig. 33A shows a prism;

Fig. 33B shows a perspective view of a revolved geometry embodiment of the 

light-guide solar panel of the present invention with the prism of Fig. 33A;

Fig. 33C shows a top view of the embodiment of Fig. 33A;

Fig.33D shows a perspective view of an assembly of light-guide solar panel

sections;

Fig. 33E shows a side view of the assembly of Fig. 33D;

Fig. 33F shows an exploded view of the assembly of Fig. 33E;

Fig. 33G shows details of the light-insertion stage and the optical waveguide

stage of the embodiment of Fig. 33D;

Fig. 34 shows a dual axis sun tracking mechanism;

Fig. 35 shows another dual axis sun tracking mechanism;
- 8 -
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Fig. 36 shows yet another dual axis sun tracking mechanism;

Fig. 37 shows another embodiment of the light-guide solar panel of the

present invention;

Fig. 38 shows another embodiment of the light-guide solar panel of the 

present invention;

Fig. 39 shows various embodiments of light-guide solar panels having 

different light acceptance angles;

Fig. 40 shows another embodiment of the light-guide solar panel of the 

present invention;

Fig. 41A is a perspective view of another embodiment of the light-guide solar 

panel of the present invention;

Fig. 41B is a detailed view of the embodiment of Fig. 41 A;

Fig. 42A shows a hologram on a glass substrate;

Fig. 42B shows a detailed cross-sectional view of the embodiment of Fig. 41 A; 

Fig. 42C shows a perspective view of the detailed view of Fig. 42B;

Fig. 43 shows a deflection layer made of prismatic ridges;

Fig. 44A shows a cross-sectional view of an element of an embodiment of the

light-guide solar panel of the present invention;

Fig. 44B shows a top view of embodiment of Fig. 44A;

Fig. 44C shows a side view of the embodiment of Fig. 44A;

Fig. 45A shows a perspective view of a heat sink;

Fig. 45B shows a cross-sectional view of the heat sink of Fig. 45A;

Fig. 46 shows a solar panel single axis tracking assembly;

Fig. 47 shows a solar thermal single axis tracking assembly;

Fig. 48 shows a gradient index solar panel embodiment;

Fig. 49 shows another gradient index solar panel embodiment; and 

Fig. 50 shows an assembly of the solar panels shown at Figs. 33D-33F.

DETAILED DESCRIPTION

[0027] Generally, the present invention provides a solar energy system that uses a

light-guide solar panel (LGSP) to trap light inside a dielectric or other transparent panel and 

propagates the light to one of the panel edges for harvesting by a solar energy collector

-9-
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(SEC). This allows for very thin modules whose thickness is comparable to the height of the 

SEC. which can be. for example, a PV cell, at the edge of the module, thus eliminating the 

depth requirements inherent in traditional solar energy systems such as CPV systems. Light 

striking the LGSP is redirected and trapped internally so that it exits the panel through one of 

its edges where a SEC receives it.

[0028] LGSPs of the present invention can be combined in clusters to make modules.

The LGSP optics can be designed structurally to be largely self-supporting, meaning that 

they do not require any substantial external enclosure to maintain their shape and 

orientation. A full enclosure can be added to the LGSP. As will be described below, to 

minimize material use and cost, LGSP modules can be supported by an axle-and-rib 

configuration.

[0029] Concentrated sunlight may be harnessed for a purpose other than creating

electricity with (PV) cells. One alternate use is the heating of an element. The modules can 

also be configured to heat water while simultaneously generating electricity. It is also 

possible to couple the concentrated light into a fiber optic or other light-guide to propagate it 

to another location for some other use, such as to a lighting fixture to provide solar lighting.

[0030] Figs. 1 and 2 shows a cross-sectional view of a first embodiment of a LGSP

100 of the present invention. The panel 100 has a light-insertion stage 102 and an optical 

waveguide stage 104, which can both be made of any suitable optically transmissive 

material. The light-insertion stage 102 receives sunlight 106 at its input surface 108 and 

from there, the sunlight 106 is guided towards optical elements such as, for example, a 

series of reflectors 110. The reflectors 110 are defined by the interfaces 112 between the 

optically transmissive material of the light insertion stage 102 and the material making up 

areas 114. The angle at which the interfaces 112 lie with respect to the impinging sunlight 

106 and the ratio of the refractive index of the optically transmissive material of the light- 

insertion stage 102 to the refractive index of the material of areas 114, are chosen such that 

the sunlight 106 impinging on the interfaces 112 goes through total internal reflection. 

Typically, the material 114 is air or any other suitable gas; however, any other suitable 

material can also make up the material 114. The materials of the light-insertion stage 102 

and of the optical waveguide stage 104 can include, for example, any type of polymer or 

acrylic glass such as poly(methyl-methacrylate) (PMMA), which has a refractive index of
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about 1.49 for the visible part of the optical spectrum. Any other suitable material can also 

be used. The angle at which the interfaces 112 lie with respect to the impinging sunlight 106 

ranges from the critical angle to 90°, as measured from the surface normal of the interface 

112 (e.g., for a PMMA-air interface, the angle is comprised substantially between about 42.5° 

and 90°).

[0031] The reflectors 110 are shaped as parabolic reflectors: however, they can be of

any other suitable shape. If the spacing between the reflectors is “A” and the origin of the 

system of coordinates is an aperture 116, then an exemplary equation of the corresponding 
parabola is y = (1/2A)xz-1/4. As shown at Fig. 1, each reflector 110 directs the sunlight 106 

toward a respective output optical aperture 116 by focusing the sunlight 106 at the output 

optical aperture 116. Fig. 2 shows the focusing of sunlight 106 by a same reflector 110. The 

sunlight 106 so focused enters the optical waveguide stage 104, which includes a wall 118 

towards which the sunlight 106 propagates. The wall 118 has a first surface 120 between 

the optically transmissive material of the optical waveguide stage 104 and the material 122, 

which lies on the other side of the wall 118. The angle at which lies the interface 118 can lie 

with respect to the horizontal is in the range of 1-5°; however, any other suitable angle will 

also work. The orientation of the wall 118 with respect to the sunlight 106 coming from the 

apertures 116, and the ratio of the refractive index of the optically transmissive material of 

the optical waveguide stage 104 to the refractive index of the material 122, are chosen such 

that the sunlight 106 impinging on the first surface 120 goes through total internal reflection. 

The material 122 can be air or any other suitable gas; however, any other material having a 

refractive index lower than that of the optical waveguide stage 104 can also make up the 

material 122. As for the materials of the light-insertion stage 102 and of the optical 

waveguide stage 104, they can include, for example, any type of polymer or acrylic glass 

such as PMMA. Any other suitable material can also be used.

[0032] Once the sunlight 106 is totally internally reflected at the first surface 120, it

propagates in the optical waveguide stage 104 towards as series of reflecting elements 124 

that reflect the sunlight 106 towards the first surface 120 where the sunlight 106 once again 

goes through total internal reflection. As shown at Fig. 3, each reflecting element 124 is 

defined by an interface 126 between the optically transmissive material of the optical 

waveguide stage 104 and the material making up area 128, which can be the same material 

as that of areas 114, The orientation of the reflecting elements 124 with respect to the 
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sunlight 106 coming from the first surface 120, and the ratio of the refractive index of the 

optically transmissive material of the optical waveguide stage 104 to the refractive index of 

the material 128, are chosen such that the sunlight 106 impinging on reflecting elements 124 

goes through total internal reflection. However, the function of the reflecting elements 124, 

the first surface120 and the reflectors 110 need not be based on total internal reflection and 

can include, for example, a suitable type of mirror.

[0033] As shown in the exemplary embodiments of Figs. 1-3, each reflecting element

124 is planar and lies at a non-parallel angle (e,g., 1-5°) to the input surface 108. 

Additionally, each reflecting element 124 lies at a substantially same distance from the input 

surface 108 and is substantially parallel to the first surface 120. As such, the optical 

waveguide stage 104, as shown at Figs. 1-3, generally has the shape of a wedge, which acts 

to propagate the sunlight 106 being input in the optical waveguide stage 104 through the 

optical output apertures 116 in the direction where the wedge widens, which is referred to as 

the downstream direction. Therefore, the optical waveguide stage 104 is such that after 

multiple successive total internal reflections at the first surface 120 and at the reflecting 

elements 124, the sunlight 106 reaches an output surface 130 (Figs. 1 and 2), which is part 

of a sidewall 132, where a SEC (not shown) of any suitable type can be disposed to harvest 

the energy carried by the sunlight 106.

[0034] Figs. 1 and 2 show the sidewall 132 as being non-perpendicular to the input

surface 108; however, the sidewall 132 can tie at any suitable angle from the input surface 

108. Further, as will be understood by the skilled worker, the LGSP 100 can have any 

suitable number of reflecting elements 124 and any suitable number of output optical 

apertures 116.

[0035] Fig. 3 shows that in the embodiment where the each reflecting element 114 is

parallel to the wall 118. In this embodiment, the angle of incidence remains constant as a 

ray of sunlight 106 propagates in the downstream direction.

[0036] Fig. 4 shows that the reflecting elements 124 can be formed such that

sunlight 106 coming from the first surface 120 (Fig. 1) and propagating towards the light- 

insertion stage 102 will be reflected off a reflecting element 124 and not impinge on an output 

optical aperture 116.
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[0037] Fig. 5 shows another embodiment of the present invention where the angle

between the wall 118 and the reflecting elements 124 is not parallel but opens in the 

downstream direction. In this embodiment, it can be shown that the sunlight 106 will remain 

trapped in the optical waveguide stage 104. Fig. 6 shows an embodiment where the angle 

between the wall 118 and the reflecting elements closes in the downstream direction. In this 

embodiment, it can be shown that the sunlight 106 eventually transmits out of the optical 

waveguide stage 104.

[0038] Fig. 7 shown a perspective view of a LGSP 100 that can have the cross-

section shown at Fig. 1. The LGSP 100 of Fig. 7 concentrates the sunlight 106 on the 

sidewall 132. The embodiment of the LGSP 100 of Fig. 7 can be referred to as having a 

linear geometry sine the reflectors 110 all lie along parallel lines.

[0039] The performance of the LGSP 100 of Fig. 7 is substantially invariant to

changes in the angle of incidence of the sunlight 106 in the plane defined by the X and Y 

axes. This invariance is shown at Figs. 8A-8C where rays 134 and 136, respectively incident 

on the input surface 108 at 30° and 45° are directed to the optical waveguide stage 104 by 

the light-insertion stage 102, and propagate downstream in the optical waveguide stage 104 

towards the output surface 130. Because of this invariance to angle of incidence in the X-Y 

plane, the LGSP 100 of Fig. 7 can be used in conjunction with any suitable single axis sun 

tracker to effectively concentrate the sunlight 106 to an edge of the panel, i.e., to the output 

surface 130. As will be understood by the skilled worker, a single axis tracker keeps the 

panel in a constant alignment with the sun so as to maximize the amount of sunlight captured 

by the LGSP 100.

[0040] Fig. 9 shows a perspective view of another LGSP 100 that can have the

cross-section shown at Fig. 1. The LGSP 100 of Fig. 9 is substantially shaped as a discus 

138 and concentrates the sunlight on an inner wall 140 formed in the hub region of the 

discus 138, the inner wall 140 acting as an output surface 142, which can be optically 

coupled, through any suitable way, to any suitable SEC. Examples of how the sunlight 106 

can be coupled to a SEC are discussed further below. The embodiment of the LGSP 100 of 

Fig. 9 can be referred to as having a revolved geometry since the reflectors 110 lie on 

concentric circles. SECs include, for example, photovoltaic detectors, solar cells, fiber-optic 

collectors which gathers incident sunlight and transmits it by fiber-optics to the interior of a
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building for use in lighting fixtures and thermal collectors such as for heating water, or any 

combination thereof.

[0041] The LGSP 100 of Fig. 9 can be sectioned off in rectangular panes, as shown

at Fig. 10, or in angular slices, as shown at Fig. 11, or in any other suitable shape, in order to 

adapt to any desirable mounting bracket or structure (not shown).

[0042] As will be understood by the skilled worker, the LGSPs 100 shown at Figs. 7-

11 can be mounted to any suitable type of sun tracking systems such as, for example, single 

axis tracking systems and dual axis tracking systems. For the LGSPs 100 of Figs. 7-11, 

design tradeoffs can be made between concentration and angular sunlight acceptance, 

which in turn determine the required alignment and tracking precision. The LGSP 100 of Fig. 

7 can achieve, for example, concentrations of 20-50 suns and require single axis solar 

tracking of approximately 1°. The LGSP 100 of Fig. 10 can achieve, for example, 

concentrations of approximately 500-1000 suns and require dual axis tracking of 

approximately 1°. Having a larger hub region at the center of the LGSP 100 of Fig. 10, i.e., 

having a larger opening at center of the LGSP 100, will produce less concentration than if the 

hub region were smaller and will require less accurate tracking.

[0043] As will be understood by the skilled worker, the ratio of the width of the optical

output aperture 116 to the horizontal span of the reflector 110 determines the concentration. 

If the ratio is made very small, such that the optical output aperture 116 is extremely tight 

then the concentration can be made very high however the angular acceptance will be very 

small. The ratio between the width of 116 and the horizontal span of 110 also affects the 

angle of the first surface 120, as a tighter aperture allows for the angle between the surfaces 

118 and 108 to be smaller, such as, for example, 1°. This in turn can leads to a smaller 

sidewall 132, and hence a smaller SEC.

[0044] For fabrication purposes, the light-insertion stage 102 and the optical

waveguide stage 104, for the LGSP 100 of, for example, Figs. 7 and 10, can form distinct 

layers as shown at Fig. 12. This creates an exit face 144 in the light-insertion stage 102 and 

an injection face 146 in the optical waveguide stage 104. The exit face 144 and the injection 

face 146 need not be parallel or flat. The exit face 144 and the injection face 146 are part of 

the optical output aperture 116.
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[0045] Fig. 13 shows a cross-section of another embodiment of a LGSP of the

present invention. In the embodiment of Fig. 13, the sunlight 106 bounces off a first reflector 

148, a second reflector 150 and a third reflector 152 before being input into the optical 

waveguide stage 104 at the output optical aperture 116. The first, second and third reflectors 

are optical elements and can have any suitable shape such as, for example, flat, parabolic, 

hyperbolic, elliptical and round surfaces.

[0046] Further, any suitable optical elements such as, for example, lenses, Fresnel

lenses, parabolic troughs, Cassegrain optics, Winston cones and tapered prisms can also be 

included in the light-insertion stage 102. The optical elements need only be able to deliver 

the sunlight 106 to the optical output apertures 116 in the general downstream direction of 

the optical waveguide stage. The optical waveguide stage 104 can be independent of the 

embodiment of the light-insertion stage 102, i.e., a same optical waveguide stage 104 can be 

used for different embodiments of the light-insertion stage 102.

[0047] Fig. 14 shows an embodiment of the light-insertion stage 102 having a

Cassegrain optic design. In this embodiment, a parabolic primary mirror 154 and a 

hyperbolic secondary mirror 156 are used to focus and direct the sunlight 106 at a flat 

reflector 158. The sunlight 106 reflects off the reflector 158 and enters the optical waveguide 

stage 104 at the injection face 160, which acts as an optical output aperture of the light- 

insertion stage 102. The embodiment of Fig. 14 can be used in a linear or revolved geometry 

LGSP. The Cassegrain optics of Fig. 14 require mirrored surfaces on the primary and 

secondary mirrors (154 and 156 respectively), as well as on the flat reflector 158.

[0048] Fig. 15 shows a light-insertion stage 102 having a series of Winston cones

162 defined by the interfaces 164A and 164B that lie between the optically transmissive 

material of the light-insertion stage 102 and the material 166, which can be air or any other 

suitable gas; however, any other suitable material can also make up the material 166. The 

geometry of the interfaces 164 with respect to the impinging sunlight 106 and ratio of the 

refractive index of the optically transmissive material of the light-insertion stage 102 to that of 

the refractive index of the material 166, are chosen such that the sunlight 106 impinging on 

the interfaces 164 goes through total internal reflection. For a given cone 162 defined by 

interfaces 164Α and 164B, the sunlight 106 impinging on the interface 164Α is reflected 

towards a reflector 168, which in turn directs the sunlight 106 at the optical output aperture

116. As for the sunlight 106 impinging on the interface 164B, depending on where on the 
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interface 164B it reflects, it will either be reflected directly to the optical output aperture 116 

or to the reflector 168, which will reflect it towards the optical output aperture 116. As for the 

sunlight 106 impinging directly on the reflector 168, it is also directed at the output optical 

aperture 116. After having entered the optical waveguide stage 104 through the optical 

output aperture 116, the sunlight 106 can either impinge on the first surface 120 or on the 

reflecting element 124, either way, the sunlight 106 undergoes total internal reflection and is 

propagated in the downstream direction. The reflector 168 can have any suitable geometry 

such as, for example, a rounded geometry, and can include any suitable type of mirrored 

coating. The light-insertion stage 102 of Fig. 15 can be used in a linear or revolved geometry 

LGSP. The light-insertion layer 102 of Fig. 15 can be used in non-tracking solar panels due 

to its relatively wide sunlight acceptance angle.

[0049] In the embodiments described above, increased concentration can be

obtained by reducing the height of the optical waveguide stage 104 adjacent the output 

optical aperture of the optical waveguide stage. As described in the embodiments above, the 

optical waveguide stage 104 propagates the sunlight 106 by total internal reflection of the 

sunlight. In general, if the optical waveguide stage tapers or converges downstream as 

shown at Fig. 6, the sunlight will escape from the optical waveguide stage. However, this 

limitation does not apply to the last reflection within the optical waveguide stage since at this 

point, the sunlight is about to exit the optical waveguide stage 104. Immediately prior to 

harvesting of the sunlight by a SEC, the sunlight can be reflected at any suitable angle 

provided it still reaches the optical output aperture of the optical waveguide stage. Because 

the SEC will harvest the sunlight, the angle of incidence of the light matters less and, as 

such, the light can be pinched, or concentrated further, immediately prior to being harvested. 

The additional concentration achievable in this way depends upon the angular spread of the 

sunlight 106 within the optical waveguide stage 104, with greater concentration being 

achievable the more collimated the light within the light guide layer is. In typical 

embodiments the extra concentration can range, for example, between 1.5 times and 2 

times.

[0050] The simplest way to add this extra concentration is to taper the light-guide

layer close to the SEC. A good taper for concentration is a Winston Cone, which is an off- 

axis paraboloid, an example of which is shown at reference numeral 170 at Fig. 16. 

However, the inclusion of such a Winston cone 170 introduces dead space (defined as LGSP 
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surface exposed to sunlight which does not capture and transmit light to the SEC) in the 

LGSP 100 because light incident on the Winston cone from above is substantially not 

captured. Such dead space leads to reductions in overall system efficiency in the use of 

space for converting solar energy to useful energy.

[0051] A compromise between extra concentration and dead space can be achieved

by using a half Winston Cone 172 shown at Fig. 17. As another alternative, a flat faceted 

taper 174, as shown at Fig. 18, can be used to approximate the effect of a Winston cone. 

However, the flat faceted taper does not provide the same additional concentration that can 

be provided by a Winston cone. Despite this fact, and because flat elements are easier to 

fabricate than curved elements, the approach shown at Fig 18 can be interesting.

[0052] The increased concentration described above can be achieved using a

separate optical element, a pinch, which is made of an optically transmissive material and 

can be secured between the optical waveguide stage and the SEC (not shown). Such a 

pinch is shown at reference numeral 176 at Fig. 18. If the refractive index of the pinch 176 is 

greater than that of the optical waveguide stage, then further additional concentration can be 

gained. The additional concentration occurs because sunlight deflection occurs at the 

interface 180 between the optical waveguide stage and the pinch 176, and because the 

critical angle with a high index material (pinch 176) is lower.

[0053] An advantage of placing an optical element such as, for example, a pinch 176,

between the optical waveguide stage and the SEC is that it can insulate the optical 

waveguide stage against heat accumulation at the SEC. This becomes important if the SEC 

becomes hotter than what can be withstood by the material of which the optical waveguide 

stage is made during worst-case operation.

[0054] Another embodiment of the LGSP 100 of the present invention is shown at

Fig. 19. This embodiment allows the optical waveguide stage 104 to provide sunlight to a 

series of SECs secured to a series of walls 182 defined by the optical waveguide stage 104. 

As will be understood by the skilled worker, the use the plurality of walls 182 make for a 

thinner optical waveguide stage 104.

[0055] To protect the input surface 108 of the light-insertion stage 102 and the first

surface 120 of the optical waveguide stage 104, a cladding layer 184, shown at Fig. 20, can 

be applied to the input surface and/or to first surface. The cladding layer can have a 

- 17-

SUBSTITUTE SHEET (RULE 26)



WO 2008/131561 PCT/CA2008/000831

refractive index lower that the refractive index of the light-insertion stage and lower than that 

of the optical waveguide stage. Further, the cladding layer 184 can also be applied to all 

spaces within the LGSP 100 that is usually occupied by air or gas.

[0056] The advantage of having such a cladding layer 184 is that it can protect the

integrity of the LGSP. With such a cladding layer 184 present, the outer surface of the 

cladding may become dirty or scratched without compromising the function of the LGSP. The 

cladding layer 184 can be made of any suitable material such as, for example, fluorinated 

ethylene propylene. As will be understood by the skilled worker, the thickness of the 

cladding layer can relatively thin and still be effective.

[0057] The LGSP embodiments presented above are scalable. That is, their

dimensions can all change by a common factor without affecting the functioning of the optics, 

provided that the optics do not become so small that interference effects dominate. Such 

interference effects can become important when the spacing between staggered optical 

elements is on a scale comparable to the optical wavelengths. The most energetic 

wavelength portion of the solar spectrum is between 0.2 microns and 3 microns. 

Accordingly, the staggering period of the optical elements and the apertures as well as the 

size of the apertures can be kept larger than 3 microns to mitigate interference effects.

[0058] In order to use a minimum of material and keep costs low, it is desirable to

make the optical elements small to minimize the thickness of LGSPs and to enable maximum 

area coverage with minimal material. The thickness of the optical waveguide stage (light

guide layer) will largely be limited by the size of the SECs (e.g., the size of PV cell strips) 

disposed to harvest the sunlight. In the case of PV cell strips, their size can vary, for 

example, from 1 millimeter to 1 centimeter, although larger or smaller PV cells would work 

equally well. The light-insertion stage (insertion layer) on the other hand can be made as 

thin as interference effects and fabrication methods can allow.

[0059] The LGSPs of the present invention can be fabricated by molding techniques

such as injection molding, compression molding, injection-compression molding or by any 

other suitable methods. Generally speaking, parts made by molding cannot have undercuts, 

and as such it is not possible to mold the entire light-guide panels described above at once 

using conventional molding. However, the LGSP can be manufactured by dividing them into
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sections that can be molded individually. Two exemplary approaches for sectioning a LGSP 

for purposes of manufacturing are described below.

[0060] A first approach it to manufacture thin vertical sections, or slices, of the LGSP 

and assemble them side by side as shown at Fig. 21. The separate slices 190 of the panel 

can be held together by an external bracing (not shown), or they can be glued or otherwise 

bonded together. This first approach (slice approach) is suitable for the linear geometry 

LGSPs.

[0061] A second approach is to fabricate horizontal slabs that can be stacked one on

top of the other to make a LGSP. Such panels can be self-supporting, requiring little in the 

way of framing and enclosures, and can be such that no gluing or bonding is necessary. The 

slabs make up the functional layers previously described (light-insertion stage and optical 

waveguide stage); however, a given functional layer can be made up of any number of slabs.

[0062] Figs. 22A-22D show one way to divide the LGSP 100 into three sheets with no

undercuts. The top two sheets 192 and 194 act in concert to form the insertion layer (light- 

insertion stage 102), and the bottom sheet 196 forms the light-guide layer (optical waveguide 

stage 104). The embodiment shown at Figs. 22A-22D is similar to that shown at Fig. 13. In 

the top slab 192, the sunlight 106 reflects by total internal reflection (TIR) off a parabolic 

reflector, it then exits the top slab 192 and enters the middle slab 194, then reflects by TIR off 

two flat facets before exiting the middle slab 194 and entering the bottom slab 196, which 

acts as the light-guide layer (optical waveguide stage 104).

[0063] Figs. 23A-23C show another potential division of the LGSP 100 into two slabs

198 and 200. The insertion layer and the light-guide layer are made with one slab each, 

slabs 198 and 200 respectively. As shown at Fig. 24A, sunlight 106 totally internally reflects 

off a parabolic surface 202 and then exits through a flat facet (exit surface) 204 into the air 

before encountering an injection face 206 of the light-guide layer (optical waveguide stage). 

Deflection at the exit surface 204 of the insertion layer slab alters the focal point of the 

parabolic reflector; it moves the focal point slightly upstream, which in turn requires moving 

the apertures of the light guide layer upstream. There is an advantage to the slight shift of 

the focal point: it allows for tight packing of the parabolic reflector faces with very little dead- 

space between them. However, a disadvantage of using deflection rather than only 

reflection to concentrate the sunlight is that the resulting embodiment will not function
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optimally under single axis sunlight tracking. As such, the two-slab approach of Fig. 24A is 

well-suited for a revolved geometry LGSP. This is because this embodiment requires, for 

optimal performance, two axis tracking in any event. The shift of the focus by a flat facet 

introduces some small astigmatism to the focusing parabolic optic. This spreads the sunlight 

106 at the focus slightly and limits, to a small degree, the achievable concentration. It is 

possible to compensate somewhat for the astigmatism by tilting the parabola slightly. If the 

flat facet 204 is tilted 2° counter clockwise from the vertical, then tilting the parabolic reflector 

110 by 5° clockwise from the vertical can somewhat compensates the astigmatism. Fig. 24B 

shows another embodiment of a light-guide solar panel similar to the one of Fig. 24A but 

instead with a cubic surface 203 abutting the projection 207 formed by the injection face 206.

[0064] Fig. 24C shows exemplary dimensions for the periodic unit of the light-

insertion stage of Fig. 24B, the unit in question comprising the cubic reflector 203, the flat 

facet 204, the injection face 206 and the projection 207. The lengths are in microns and the 

equation of the cubic reflector 203 is y=-1,049388x+9.1781775x10'4x2+1.19193x10'7x3.

[0065] Figs. 25A-25C shows yet another division of the LGSP 100 into two slabs 208

and 210 which improves on the limitation of the embodiment of Fig. 24A with respect to non

optimal single axis tracking, and allows for the fabrication of a linear geometry LGSP that 

does not use deflection to concentrate sunlight. As shown at Fig. 26, sunlight 106 is totally 

internally reflected off the parabolic reflector 212, but in this embodiment it exits the insertion 

layer slab at an exit face 214 that is the arc of a circle centered on the focus of the parabolic 

reflector 212. The sunlight rays that are converging on the focus of the parabolic reflector 

each encounter the arc exit face at substantially a right angle, and so no deflection occurs.

[0066] All the above-mentioned slabs can be molded with assembly features that

ease the alignment between them when they are assembled into LGSPs. The assembly 

features can have minimal or no interference with the optical performance. In particular, 

embodiments of the LGSP of the present invention can be designed so that the backside of 

upstream apertures rests against the bottom of parabolic reflectors; this is the embodiment 

with the embodiment shown at Fig. 25C. Other assembly features can include small nubs, 

scattered over the surface of the light-guide layer, which hold the parabolic reflectors in place 

with respect to the optical waveguide stage 104. The space between the slabs should 

substantially clear of dust and moisture. The slabs can be sealed to each other using 

silicone or any other suitable material, or by using a gasket or any other suitable seal. A 
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small amount of desiccant can be added between the slabs to absorb moisture. A dust 

jacket or full envelope can be added to the LGSP to keep it clean and allow for color 

matching with architecture.

[0067] A single axis tracking solar panel system 216 is shown at Fig. 27. The solar

panel system 216 can use LGSPs 100 manufactured using the two-slab approach described 

above, and can be assembled to tilt about the axis 218. The LGSPs 100 can be made in 

squares, 125 millimeters each side. The light-guide layer (light-insertion stage) can use a 

half Winston Cone to concentrate the light onto PV cells that are 3 mm tall. The optical 

concentration of such a system is roughly 30 suns.

[0068] The system 216 is formed using several solar panels 100, for example 10,

arranged in two parallel rows on either side of a heat sink 220, which can be made of 

aluminum of any other suitable material, and in such a way as to concentrate light towards 

the inner edge of the panels where they connect to the heat sink 220. PV cells are placed 

between the optical panels 100 and the heat sink 220.

[0069] The solar panels 100 can be kept in alignment, for example, by ribs 222

shows at Fig. 28. The ribs can be made of injection-molded polymer, although machined 

aluminum or any other material can be used. The ribs 222 mechanically hold the panels 100 

in position against the heat sink 220 and features on both the ribs 222 and the heat sink 220 

can be included to facilitate assembly. Such features (e.g., recess 224) and details of the rib 

222 and heat sink 220 are shown at Figs. 28 and 29 respectively. The ribs 222 can be held 

in place against the heat sink using mechanical fasteners, adhesives, or any other suitable 

means.

[0070] This heat sink 220 can serve two functions: (1) it aids in dissipating heat from

the PV cells and (2) it creates a rigid supporting axel for the LGSPs 100. The weight of the 

panels is balanced on either side of the heat sink 220 and the heat sink 220 is where the 

panel connects to an external supporting frame. To aid in dissipating heat, and as shown at 

Fig. 29, the heat sink 220 can have fins 226 made of a folded aluminum piece bonded 

between two extruded aluminum rails 228. The fins are connected to the two rails and create 

vertical air channels 230 in heat sink 220. The bond between the fins and the two rails can 

be made by brazing, epoxy, swaging or by any other means. This open heat-sink
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embodiment allows heat to be dissipated by natural convection as hot air can rise out of the 

heat-sink 220 and cooler air may enter into the heat-sink 220 from below.

[0071] PV cells used in the system 216 can be of any size, such as 125 millimeters

by 125 millimeters, and can be cut into strips of any height, for example, 3 mm tall for use 

with this embodiment. The PV cells can be encapsulated in any conventional way. For 

example, they can be soldered together in series and then encapsulated with ethylene vinyl 

acetate (EVA) or any other suitable material. Alternately, the electrical connections of the 

PV cells can be made by soldering, adhering or bonding the PV cells to a patterned circuit on 

a thermally conductive dielectric substrate. Insulated metal substrates (IMSs) such as those 

sold by The Bergquist Company of Chanhassen Minnesota would be appropriate. Fig. 30 

shows an IMS substrate 232 soldered to a PV cell 234; the solder layer is shown at 235. The 

IMS 232 can be connected to the aluminum heat sink 220 by epoxy or adhesive, or by any 

other suitable means.

[0072] A typical IMS 232 has electrical patterning of copper on top of a polymer

insulating layer which is bonded to an aluminum or copper base. It is possible to forgo the 

base and affix the electrically patterned polymer-insulating layer directly to the heat sink 220. 

This process can be done in an oven by heat curing. An advantage of this approach is that it 

eliminates the base element and can reduce costs. The PV cell 234 can be bonded to the 

IMS 232 through a conductive ribbon or mesh that is connected to the entire length of the 

topside connector (not shown) of the PV cell 232. The backside connector of the PV cell 232 

can be bonded over its entire length and/or surface as well. For PV cells 232 that are long 

and narrow and fragile, using the connection method described above allow the PC cells to 

break in sections without losing their functionality or substantially affecting the power 

production.

[0073] PV cells can be encapsulated to protect against moisture to avoid corrosion.

This can be done using any suitable encapsulant such as, for example, ethylene vinyl 

acetate (EVA). However, EVA requires heat curing and so, the parts requiring sealing need 

to be placed in an oven. Another approach is to use an encapsulant, which cures in place at 

room temperature. Certain optically clear adhesives, such as the silicone Sylgard184 by 

Dow Corning, can serve this purpose and can be poured in a thin layer on top of the PV cells 

after soldering. As an added benefit, the panels can be fixed in place before the silicone has

begun curing. This seals the space between the panels and the PV cells and creates an 
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optical bond between them. The optical bond between the optical panels and the PV cells 

diminishes Fresnel losses at the exit edge of the optical panel.

[0074] The LGSPs can be arranged on a mounting frame to form a solar power

system. The heat sinks can connect with bearings on the mounting frame, which allows for 

free rotation of the panel about the axel made by the heat-sink 220 (see axis 218 at Fig. 27). 

The heat sink 220 can connect to the bearings by way of injection molded end caps (236, 

Fig. 27), which are joined to the ends of the heat sink 220. These end caps 236 can have 

any suitable features that allow connection to the bearings on the frame. The end caps 236 

can be joined to the heat-sink either mechanically, with epoxies, adhesives, with adhesive 

tape, or through any other suitable means. The end caps 236 of the heat-sink 220 are also 

coupled to a mechanism that allows an actuator to control the rotation of the LGSPs 100. For 

example, as shown at Fig. 31, three bar linkages can connect all the modules to a single rail 

238 that is driven by a linear actuator 240, Alternately, each LGSP can have a pinion gear 

which attaches to a rack, which is again driven by a linear actuator. With either system, a 

single linear actuator moving the single rail can drive the motion of all the panels, so that they 

will tilt in unison and maintain alignment.

[0075] Full sunlight tracking solar panel system can be made using a LGSP having a

revolved geometry and manufactured using the two-layer approach exemplified at Figs. 23A- 

23C. The external appearance of the such full tracking systems can be similar to those 

described for the single axis tracking system above in that LGSPs can be arranged along 

either side of a central heat-sink and supported by ribs.

[0076] The external dimensions of the panels can be 125 millimeters by 250

millimeters. Sunlight is concentrated to a line 242 at the center of the inner edge of the 

LGSP as shown at Figs. 32A and 32B. Sunlight exits the solar panel 100 at a half cylindrical 

facet 244 enters an air gap. While in principle a thin PV cell could be placed along the line 

242, such an arrangement would have limited angular acceptance.

[0077] In practice, a wider angular acceptance is achieved by placing a 90° roof

prism 246 into the half cylindrical facet, as shown at Figs. 33A-33C. This roof prism 246 can 

be made of glass or of any other suitable material, and can have an index of refraction 

greater than 1.4. High efficiency PV cells, such as triple-junction cells, can be bonded 

optically to the base 248 of the roof prism using a silicone encapsulant or another optical
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epoxy. Figs. 33D-33G show how a rectangular light-guide solar panel 800 can be made 

using two light-insertion stage sections 802 and 804 each having a revolved geometry and a 

corresponding optical waveguide stage section 806 and 808. Sunlight impinging on the light- 

insertion stage 802 is coupled to the optical waveguide stage 806, which propagates the 

sunlight to the surface 810. As for sunlight impinging on the light-insertion stage 804, it is 

coupled to the optical waveguide stage 808, which propagates the sunlight to the surface 

812. The surfaces 810 and 812 can be flat surfaces and any suitable SECs can be secured 

thereto. By not having to use a prism to couple the light exiting from the optical waveguide 

stages 806 and 808, Fresnel reflections losses can be avoided. The optical waveguides 806 

and 808 can have half-Winston cone profiles 816 and 818 such as shown at Fig. 33E. Fig. 

33F shows that the light-guide solar panel 800 can be made in a two-layer process by laying 

the light-insertion stages 802 and 804 over the optical waveguide stages 806 and 808. Fig. 

33G shows an exploded view of the assembly of Fig. 33E. Given that sunlight emerges from 

both sides of the optic, heat sinks can be placed on respective opposite sides of the panel. 

Because this panel of Figs. 33D does not have a coupling prism, the portion of the optical 

waveguide stages 806 and 808 that is adjacent the surface 810 and 812 can be made of an 

insulating material, which can withstand more heat, such as, for example, fused silica, while 

the remainder is made out of PMMA.

[0078] While the arrangement described above in relation to Figs. 33A-33C (with

respect to sunlight exiting a half cylindrical facet 244 and then being directed to the PV cell 

by a prism 246) does introduce Fresnel losses to the system, it also places a layer of gas, 

either air or any other suitable gas such as, e.g., argon, between the prism 246, which is 

directly touching the PV cell and the LGSP. The advantage of this arrangement is that it 

protects the optics (the LGSP) from heat that can accumulate on the PV cell. The PV cell 

can become extremely hot under high concentration, perhaps reaching 120°C or higher, and 

this would adversely affect the optical panel if it were made out of PMMA. The layer of gas 

can insulate and protect the optical panel from heat accumulation on the PV cell.

[0079] As mentioned previously, LGSPs using a revolved geometry and designed for

high solar concentration offer better performance when used in conjunction with full tracking 

of the sun, maintaining the sun’s rays parallel to the normal vector of input surface of the 

solar panel to within +/-1°. The full tracking can be achieved several ways, but two methods 

in particular lend themselves to the system.
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[0080] The first full tracking method is shown at Fig. 34 where the LGSPs 100 are

mounted in a frame 249 to tilt about a first series of axes 250 and the frame 249 can tilt about 

an axis 252, which is substantially orthogonal to the axes 250. As such, the LGSP can roll 

east-west to track the sun’s movement over the course of the day and the frame can tilt 

north-south to adapt to the seasonal variation of the sun.

[0081] A second full tracking approach that allows to maintain a lower profile is

shown at Figs. 35 and 36. The LGSPs 100 can be arranged in frames 254 or 256 and can 

tilt about the axes 258 and 260 respectively. Further, the frames 254 and 256 can be made 

to rotate about the axes 262 and 264 respectively.

[0082] Fig. 37 shows a variant of the LGSP employing Winston cones in the insertion

layer (light-insertion stage 102), as shown at Fig. 15. The embodiment of Fig. 37, which is a 

linear geometry embodiment, is well suited for non-tracking applications because it has a 

wide angular acceptance because of the Winston cones. In order to improve the 

concentration achievable, it is possible to employ a bifacial PV cell 266 positioned between 

two optical panels; this embodiment doubles the concentration.

[0083] The LGSP 100 of Fig. 37 can be made in a two part stack, but rather than

molding an solar panel for each PV cell strip, a cluster of panels can be molded, a cluster of 

optical panels being a grouping of a number of concentrator optics into fewer pieces. Fig. 38 

shows how a cluster LGSP 268 can be made to accommodate four PV cells 266.

[0084] The slab 270 that forms light-guide layers (optical waveguide stages 104) can

have grooves 272 molded into it to accommodate bifacial PV cells 266. The PV cells 266 

can be soldered and then encapsulated before being placed in the groove, or they can be 

only soldered together to form a circuit and then placed in the groove and encapsulated in 

place using a cast in place encapsulant such as clear silicone or any other optical epoxy.

[0085] Attaching a number of cluster panels together makes for a full solar panel

module. Numerous methods exist for combining the LGSPs together. One method is to use 

an aluminum framing grill to tie all the panels together. Another method is to array and bond 

the optical panels by any suitable means onto a stiff superstrate of glass or of any other 

suitable material.

[0086] The non-tracking LGSP 268 will generally not have 180° of angular

acceptance in the cross sectional plane of the optics as seen at Fig. 37. The cone of 
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acceptance of the LGSP 268 can be +/-30° from the normal of the panel, which is sufficient 

to accommodate the seasonal variation of the sun’s position in the sky. As such, the non

tracking LGSP 168 should be installed at a tilt which matches the latitude of the installation 

location; this would ensures that the normal to the panel’s input surface is parallel with the 

sun’s rays at equinox. However, this does limit the installation configurations of the non

tracking LGSP 268. In fact, the LGSP 268 can be designed with their cone of acceptance 

tilted off the normal as shown at Fig. 39 for northern hemisphere locations. In practice, a 

finite number of non-tracking LGSPs 268 series can be designed to accommodate any 

installation configuration.

[0087] In order to make the LGSP of the present invention as cost efficient as

possible, roll-to-roll continuous casting or embossing can be used to fabricate the light- 

insertion stage optics as films. It is possible to use roll-to-roll manufacturing methods 

because all of the above solar panels are composed of a stack of slabs that have no 

undercuts. The wedge-shaped light-guide layer (optical waveguide stage) can be made 

separately, and the light-insertion stage can be applied to the optical waveguide stage using 

a lamination process or any other suitable process.

[0088] As will be understood by the skilled worker, the light-insertion layer 102 of the

LGSP of the present invention can also use any suitable type of lenses as optical elements 

instead of just the focusing TIR interfaces described above. Fig. 40 shows a LGSP 100 

having a series of lenses 274 that focus and optically couples the sunlight 106 to the optical 

waveguide stage 104.

[0089] Another embodiment of the LGSP of the present invention is shown at Figs.

41 A, 41B, and 42A-42D. The LGSP 300 has an insertion layer (light-insertion stage 302) 

and a light-guide layer (optical waveguide stage 304). The light-insertion stage 302 has 

optical elements in the form of a deflector section 306 and reflector sections 312. The 

deflector section 306 deflects impinging sunlight 106 in one or both of the directions indicated 

by the double-arrow 308. The deflected sunlight is directed towards the optical elements that 

are the reflector sections 312, which are shaped as a series of focusing tapered light 

channels. The tapered light channels are optically coupled, through a series of optical output 

apertures 313 to a series of waveguides 314 that form the optical waveguide stage 304.
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[0090] The deflector section 306 can include an optical directing layer in the form of a

Volume Phase Hologram (VPH). Fringes in the VPH hologram are formed in any suitable 

manner, using the interference between two coherent UV light sources. The fringe spacing 

and angle can be designed such one or more modes of diffraction can fall within 45 degrees 

of the plane of the solar panel 300. Fig. 42A shows an example of how such a VPH 309 

operates. The resulting deflection is exemplified at Figs. 42B to 42D.

[0091] The deflector section 306 can also be made using non-interference optics,

such as, for example, flat faceted optics like prisms. For instance, an array of 60° prisms 

arranged in an interlocking manner with a small air gap in between them would split light 

incident into the plane of the panel in two directions. This bi-directional deflection would lead 

to light accumulating on two opposite edges of the solar panel 300. Such directing optics are 

shown at Fig. 43.

[0092] The optical waveguide stage 304 has a linear geometry and can have a

plurality of waveguides 314 that receive light from their respective tapered light channels 

(reflector section 312) and that trap light by total internal reflection. The waveguides 314 act 

as delay lines whereby light enters from above, at optical output apertures 313, travels for 

some distance and then can exits out the top through the optical output apertures 313. A 

potential channel embodiment is shown at Figs. 42A-42C. Light entering a tapered light 

channel (reflector section 312) is reflected off a first parabolic section 316, then off a flat face 

318 and off a second parabolic section 320 before entering into a cylindrical section, which 

defines the waveguide 314. The light can travel within the waveguide 314 in a spiral manner 

for some distance before escaping out. Provided that the length of the waveguide 314 is less 

than the mean travel distance of the trapped light rays, light coupled into the waveguide 314 

will emerge concentrated from the end of the channel where it can be harvested by any 

suitable SEC. As an example, if the optical waveguide stage 104 is 1 cm tall, and the 

waveguides 314 are 150 cm long then 75% of the light incident on the LGSP 300 will reach 

the two ends of the waveguide for harvesting by an SEC. If light is incident evenly on the 

LGSP 300 then light will be distributed evenly between the two ends of the waveguide 

channel.

[0093] The LGSP 300 can include any number of waveguides 314 and tapered light

channels 312 and each waveguide 314 can form a unit with a respective tapered light
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channel 312. The units formed by the tapered light channel 312 and their respective 

waveguides 314 can be made by molding.

[0094] In the LGSP 300, each waveguide 314 has an output surface 315, and the

sum of the output surface 315 form the total output surface of the optical waveguide stage 

304. Any suitable SEC can be placed at the output of the plurality of optical output apertures 

315 to harvest the sunlight 106.

[0095] Other geometries of tapered light channels/waveguide can be used. For

example, Figs. 44A-44C shows a tapered light channel 322 having a plurality of waveguides 

326 formed thereon, with the diameter of the waveguide decreasing as the width of the 

tapered light channel decreases. The staggering of the waveguides vertically allows for two 

or more channels to be positioned closely side by side with little dead space in between 

them.

[0096] The heat sink 220 previously described can be used in conjunction with single

axis tracking systems and the full tracking high concentrator systems to shed excess heat 

from the SEC (e.g., PV cells) into the surrounding air. However, the excess heat can instead 

be used to heat water. This functionality can be accomplished with the heat sink 400 shown 

at Figs. 45A and 45B. The heat sink 400 can be made of aluminum of any other suitable 

material. In contrast to the heat sink 220, which features fins to shed excess heat into the 

air, the heat sink 400 has one or more channels 402 for flowing water which extracts excess 

heat generated at the SECs.

[0097] As seen at Fig. 46, end caps 403 can be affixed to the heat sink 400 and

serve the dual purpose of securing LGSPs to a mounting frame via bearings, and they also 

serve as inlet and outlets to a heat exchanger (not shown). Water could either flow straight 

through a heat sink 400, with an inlet on one end cap and an outlet on the other, or it could 

flow in and out of the heat sink 400 through the same end-cap, with the opposite end cap 

serving as a u-bend. This embodiment can simplify hose routing between many modules in 

an extended system. The number of channels in the extrusion could be increased so as to 

have a larger surface area of contact between the water and the aluminum of the heat sink 

400. The rate of water flow through the heat sink 400 can be used to control the temperature 

of the SECs and be used to keep the LGSPs within their operating temperature range. A 

system using heat sinks 400 interconnected through hoses 406 is shown at Fig. 46. As will

-28-

SUBSTITUTE SHEET (RULE 26)



WO 2008/131561 PCT/CA2008/000831

be understood by the skilled worker, a heat exchange fluid other than water can be used in 

the system of Fig. 46.

[0098] Sunlight captured by the LGSP of the present invention can be used in a solar

thermal system that does not use PV cells. An example of such a solar thermal system 500 

is shown at Fig. 47. The system 500 can use a double walled tube 502 that has its 

outermost tube transparent. An insulating gas, such as argon, would separate the inner tube 

from the outer tube. The inner tube can be black so as to absorb incident sunlight. Through 

the central tube a heat absorbing liquid, such as water, oil, or any other suitable liquid flows.

[0099] The tube 502 is placed in the position previously occupied by heat sinks in the

above-described embodiments. The concentrated sunlight, passes through the clear outer 

tube, and the insulating gas layer, and is absorbed by the inner tube. This causes the liquid 

in the inner tube to heat. The fluid carrying tubes can remain fixed in position while the 

optics rotate about them.

[00100] It is possible to fabricate some of small optical structures of the LGSP of the 

present invention using a technique known as silicone on glass. Thin clear silicone rubber, 

similar to the Sylgard™ 184 by Dow, is formed into the necessary shapes on a glass 

substrate. It is also possible to mold silicone on its own with no glass substrate.

[00101] Advantageously, the LGSP of the present invention is relatively insensitive to 

thermal expansion or contraction. This is possible because all the optical components of the 

solar panels are made of similar, if not the same, materials. Because of this, they will 

expand by the same degree and the function of the optical element will not change 

significantly. Specifically, as the reflectors 110 expand, so too will the waveguide section 

104. This maintains the same focus for light 106 reflecting of 110 and focusing on 116 from 

figure 1 as the unit expands and contracts with changes in temperature.

[00102] For single axis tracking, the panel is tilted to maintain alignment in one plane 

with incident sunlight. It is also possible to add an optical device on top of the optics that 

preconditions the light, altering the angle of the incident light to align the incident light to the 

optics. Such preconditioning optics could employ moving mirrors, prisms, or electro-optics.

[00103] Tracking can be accomplished manually by occasionally tilting the single axis 

tracking panel, or the non-tracking panel. A manual-tracking panel would be one with a wide 

enough angular acceptance, say, for example, plus or minus 5 degrees in the cross-sectional 
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plane, so that it would only need to be re-aligned slightly by hand every few weeks. 

Electronic alignment sensors could assist in the alignment, but actuators would not be 

needed.

[00104] A LGSP using a different mechanism can be made using a panel with a 

gradient index of refraction. The refractive index gradient increases in the downstream 

direction of the LGSP, so that light incident on the panel would deflect towards the 

downstream direction. If the gradient was sufficient to cause enough deflection for TIR to 

occur at the bottom face of the panel then the light would be trapped and would become 

conducted down to the edge of the panel as shown at Fig. 48. With less of a gradient, a 

mirror may be required for the first reflection if light exits the bottom face of the panel, and 

further deflection while traveling back up through the panel to the top surface would increase 

the angle of incidence on the top face enough for TIR to occur. This is shown at Fig. 49.

[00105] Figs. 50A and 50B shows how light-guide solar panels such at the light-guide 

solar panel 800 of Fig. 33D can be grouped together. The light-guide solar panels 800 can 

be placed between two vertically oriented aluminum heat sinks 900 to form a linear assembly 

902 of light-guide solar panels 800. Larger groups of light-guide solar panels 800 can be 

assembled by joining together the linear assemblies 902.

[00106] The present invention is that of a solar energy system that uses a LGSP to 

trap light inside a dielectric or other transparent panel and propagates the light to one of the 

panel edges for harvesting by a SEC. This allows for very thin modules whose thickness is 

comparable to the height of the SEC, for example a PV cell, at the edge of the module, thus 

eliminating the depth requirements inherent in traditional solar energy systems such as CPV 

systems. Light striking the LGSP is redirected and trapped internally so that it exits the panel 

through one of its edges where a SEC receives it.

[00107] LGSPs can be combined in clusters to make modules. The LGSP optics can 

be designed structurally to be largely self-supporting, meaning that they do not require an 

external enclosure to maintain their shape and orientation. A full enclosure can be added to 

the embodiment. As will be described below, to minimize material use and cost, LGSP 

modules can be supported by a minimal axle-and-rib configuration.

[00108] Concentrated sunlight may be harnessed for a purpose other than creating 

electricity with PV cells. One alternate use is the heating of an element. The modules can 
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also be configured to heat water while simultaneously generating electricity. It is also 

possible to couple the concentrated light into a fiber optic or other light-guide to propagate it 

to another location for some other use, such as to a lighting fixture to provide solar lighting. 

Furthermore, the LGSP optics of the present invention can be used to reduce the thickness 

of optics in a other applications including, for example, lamps and lighting. Other aspects 

and uses of the present invention will become apparent to those ordinarily skilled in the art 

upon review of the following description of specific embodiments of the invention in 

conjunction with the accompanying figures.

[00109] In the preceding description, for purposes of explanation, numerous details 

are set forth in order to provide a thorough understanding of the embodiments of the 

invention. However, it will be apparent to one skilled in the art that these specific details are 

not required in order to practice the invention. In other instances, well-known electrical 

structures and circuits are shown in block diagram form in order not to obscure the invention. 

For example, specific details are not provided as to whether the embodiments of the 

invention described herein are implemented as a software routine, hardware circuit, 

firmware, or a combination thereof.

[00110] The above-described embodiments of the invention are intended to be 

examples only. Alterations, modifications and variations can be effected to the particular 

embodiments by those of skill in the art without departing from the scope of the invention, 

which is defined solely by the claims appended hereto.
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CLAIMS

1. A light-guide solar panel module comprising:

a) a single planar light-insertion molded polymeric slab that is transmissive to 
sunlight including:

an input surface for receiving impinging sunlight, 

a plurality of first optical elements, and

a plurality of optical output apertures formed from the sunlight transmissive 

polymer, each one of the plurality of optical output apertures being associated 

with one of the plurality of first optical elements such that there is a one-to-one 

relationship between each one of the plurality of optical output apertures and 

each one of the plurality of first optical elements,

each one of the plurality of first optical elements being located optically 

in between the input surface and its associated optical output aperture, 

wherein each one of the plurality of first optical elements including a first 

reflector having a single reflective surface positioned with respect to the 

input surface (i) to receive sunlight directly through the input surface at 

an angle smaller than a critical angle for total internal reflection of the 

sunlight at the reflecting surface, and (ii) to reflect the received sunlight 

only once and at an oblique angle with respect to the impinging sunlight 

to focus the sunlight towards the one of the plurality of optical apertures;

b) a single planar wedge-shaped optical waveguide molded polymeric slab that is 

transmissive to sunlight having:

a first surface,

a plurality of stepped second reflectors opposite to the first surface, each 

one of the plurality of second reflectors being associated with one of the 

first optical elements such that there is a one-to-one relationship 

between each one of the plurality of second reflectors and each one of 

the plurality of first optical elements,

an output surface,

wherein the optical waveguide slab being optically coupled to each of 

the plurality of optical output apertures to receive the sunlight therefrom, 

the first surface and the plurality of second reflectors being positioned 

and arranged such that the sunlight received via the optical output
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apertures is guided through the optical waveguide slab towards the 

output surface via multiple total internal reflections between the plurality 

of second reflectors and the first surface;

c) a photovoltaic cell for receiving the sunlight having been concentrated by the 

light-insertion slab and the waveguide slab; and

d) a single second optical element that is transmissive to sunlight and has at least 

one reflective surface positioned to redirect at least a portion of the sunlight travelling 

within the waveguide slab towards the photovoltaic cell.

2. The light-guide solar panel module as claimed in claim 1 wherein the first optical 

elements are spaced-apart from each other along substantially parallel lines.

3. The light-guide solar panel module as claimed in claim 1 or claim 2 further comprising a 

cladding layer formed between the light-insertion slab and the optical waveguide slab, the 

cladding layer having a refractive index lower than a refractive index of the light-insertion slab 

and lower than a refractive index of the optical waveguide slab.

4. The light-guide solar panel module as claimed in any one of the preceding claims 

wherein the plurality of stepped reflectors includes planar reflectors.

5. The light-guide solar panel module as claimed in any one of the preceding claims 

wherein the plurality of second planar reflectors are substantially parallel to the first surface.

6. The light-guide solar panel module as claimed in any one of the preceding claims 

wherein at least some of the plurality of optical output apertures are located in between 

adjacent second reflectors.

7. The light-guide solar panel module as claimed in any one of the preceding claims 

wherein each of the first optical elements are optical focusing elements.

8. The light-guide solar panel module as claimed in any one of the preceding claims 

wherein the second optical element is a distinct element from the optical waveguide slab and 

further concentrates the sunlight.

9. The light-guide solar panel module as claimed in any one of claims 1 to 7 wherein the 

second optical element is integral with and formed from the same polymer as the optical 

waveguide slab.

10. A light-guide solar panel module comprising:

a) a single planar light-insertion molded polymeric slab that is transmissive to 

sunlight including:
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a plurality of first optical elements equally spaced apart from one another, each 

of the first optical elements having:

an input surface for receiving impinging sunlight,

a first reflector having a single reflective surface inclined with respect to 

the impinging sunlight (i) to receive sunlight directly through the input 

surface at an angle smaller than a critical angle for total internal 

reflection of the sunlight at the reflecting surface, and (ii) to reflect the 

received sunlight only once and at an oblique angle with respect to the 

impinging sunlight to focus the sunlight;

b) a single planar wedge-shaped optical waveguide molded polymeric slab that is 

transmissive to sunlight including:

a first reflective surface,

a plurality of stepped planar second reflectors opposite to the first reflective 

surface and being equally spaced apart from one another, 

an output surface,

the optical waveguide slab being optically coupled to each of the first reflectors 

of the light-guide slab to receive the oblique sunlight therefrom, the first 

reflective surface and the plurality of second reflectors being positioned and 

arranged such that the sunlight received from the first reflectors is guided 

through the optical waveguide slab towards the output surface via multiple total 

internal reflections between the plurality of second reflectors and the first 

surface;

c) a photovoltaic cell for receiving the sunlight having been concentrated by the 

light-insertion slab and the waveguide slab; and

d) a single second optical element that is transmissive to sunlight and has at least 

one reflective surface positioned to redirect at least a portion of the sunlight travelling 

within the waveguide slab towards the photovoltaic cell.

11. The light-guide solar panel module as claimed in claim 10 further comprising a cladding

layer formed between the light-insertion slab and the optical waveguide slab, the cladding layer

having a refractive index lower than a refractive index of the light-insertion slab and lower than

a refractive index of the optical waveguide slab.
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12. The light-guide solar panel module as claimed in claim 10 or claim 11 wherein the light 

insertion molded polymeric slab further comprises optical output apertures formed from the 

molded polymer, the optical output apertures located in between adjacent second reflectors.

13. The light-guide solar panel module as claimed in any one of claims 10 to 12 wherein 

each of the first optical elements are optical focusing elements.

14. The light-guide solar panel module as claimed in any one of claims 10 to 12 wherein 

the second optical element is a distinct element from the optical waveguide slab and further 

concentrates the sunlight.

15. The light-guide solar panel module as claimed in any one of claims 10 to 12 wherein 

the second optical element is integral with and formed from the same polymer as the optical 

waveguide slab.

16. A light-guide solar panel module comprising:

a) a single planar light-insertion slab that is transmissive to sunlight having a 

plurality of optical focusing elements equally spaced apart from one another, each of 

the optical focusing elements having an input surface for receiving impinging sunlight,

b) a single planar optical waveguide slab that is transmissive to sunlight including: 

a first reflective surface,

a plurality of reflectors opposite to the first reflective surface and being equally 

spaced apart from one another, 

an output surface,

the optical waveguide slab being optically coupled to each of the optical 

focusing elements of the light-guide slab to receive the sunlight therefrom, the 

first reflective surface and the plurality of reflectors being positioned and 

arranged such that the sunlight received from the optical focusing elements is 

guided towards the output surface via multiple total internal reflections within the 

optical waveguide slab;

c) a cladding layer formed between the light-insertion slab and the optical 

waveguide slab, the cladding layer having a refractive index lower than a refractive 

index of the light-insertion slab and lower than a refractive index of the optical 

waveguide slab;

d) a photovoltaic cell for receiving the sunlight having been received and 

concentrated via the light-insertion slab and the waveguide slab; and
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e) a single second optical element transmissive to sunlight having at least one 

reflective surface being positioned and structured to redirect at least a portion of the 

sunlight travelling within the waveguide slab towards the photovoltaic cell.

17. The light-guide solar panel module as claimed in claim 16 further comprising optical 

output apertures located in between adjacent reflectors.

18. The light-guide solar panel module as claimed in claim 16 or claim 17 wherein the light- 

insertion slab and the optical waveguide slab are each formed from a molded polymer.

19. The light-guide solar panel module as claimed in any one of claims 16 to 18 wherein 

the second optical element is a distinct element from the optical waveguide slab and further 

concentrates the sunlight.

20. The light-guide solar panel module as claimed in any one of claims 16 to 18 wherein 

the second optical element is integral with the optical waveguide slab.
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