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No. 60/909,691, filed Apr. 2, 2007 and U.S. Patent Applica-
tion No. 60/909,692, filed Apr. 2, 2007, both are commonly
assigned and herein incorporated by reference for all pur-
poses.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

Not Applicable

REFERENCE TO A “SEQUENCE LISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED ON A COMPACT DISK

Not Applicable

BACKGROUND OF THE INVENTION

The present invention relates generally to solar energy
techniques. In particular, the present invention provides a
method and resulting device fabricated from a plurality of
concentrating elements respectively coupled to a plurality of
photovoltaic regions. For example, concentrating elements
are coupled to a plurality of photovoltaic regions using one or
more coupled structures. More particularly, the present
method and structure are directed to a laser sealing technique
of'a solar cell package apparatus. Merely by way of example,
the invention has been applied to solar panels, commonly
termed modules, but it would be recognized that the invention
has a much broader range of applicability.

As the population of the world increases, industrial expan-
sion has lead to an equally large consumption of energy.
Energy often comes from fossil fuels, including coal and oil,
hydroelectric plants, nuclear sources, and others. As merely
an example, the International Energy Agency projects further
increases in oil consumption, with developing nations such as
China and India accounting for most of the increase. Almost
every element of our daily lives depends, in part, on oil, which
is becoming increasingly scarce. As time further progresses,
an era of “cheap” and plentiful oil is coming to an end.
Accordingly, other and alternative sources of energy have
been developed.

Concurrent with oil, we have also relied upon other very
useful sources of energy such as hydroelectric, nuclear, and
the like to provide our electricity needs. As an example, most
of our conventional electricity requirements for home and
business use comes from turbines run on coal or other forms
of'fossil fuel, nuclear power generation plants, and hydroelec-
tric plants, as well as other forms of renewable energy. Often
times, home and business use of electrical power has been
stable and widespread.

Most importantly, much if not all of the useful energy
found on the Earth comes from our sun. Generally all com-
mon plant life on the Earth achieves life using photosynthesis
processes from sun light. Fossil fuels such as oil were also
developed from biological materials derived from energy
associated with the sun. For human beings including “sun
worshipers,” sunlight has been essential. For life on the planet
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Earth, the sun has been our most important energy source and
fuel for modern day solar energy.

Solar energy possesses many characteristics that are very
desirable! Solar energy is renewable, clean, abundant, and
often widespread. Certain technologies developed often cap-
ture solar energy, concentrate it, store it, and convert it into
other useful forms of energy.

Solar panels have been developed to convert sunlight into
energy. As merely an example, solar thermal panels often
convert electromagnetic radiation from the sun into thermal
energy for heating homes, running certain industrial pro-
cesses, or driving high grade turbines to generate electricity.
As another example, solar photovoltaic panels convert sun-
light directly into electricity for a variety of applications.
Solar panels are generally composed of an array of solar cells,
which are interconnected to each other. The cells are often
arranged in series and/or parallel groups of cells in series.
Accordingly, solar panels have great potential to benefit our
nation, security, and human users. They can even diversify
our energy requirements and reduce the world’s dependence
on oil and other potentially detrimental sources of energy.

Although solar panels have been used successtul for cer-
tain applications, there are still certain limitations. Solar cells
are often costly. Depending upon the geographic region, there
are often financial subsidies from governmental entities for
purchasing solar panels, which often cannot compete with the
direct purchase of electricity from public power companies.
Additionally, the panels are often composed of silicon bear-
ing wafer materials. Such wafer materials are often costly and
difficult to manufacture efficiently on a large scale. Availabil-
ity of solar panels is also somewhat scarce. That is, solar
panels are often difficult to find and purchase from limited
sources of photovoltaic silicon bearing materials. These and
other limitations are described throughout the present speci-
fication, and may be described in more detail below.

From the above, it is seen that techniques for improving
solar devices is highly desirable.

BRIEF SUMMARY OF THE INVENTION

The present invention relates generally to solar energy
techniques. In particular, the present invention provides a
method and resulting device fabricated from a plurality of
concentrating elements respectively coupled to a plurality of
photovoltaic regions. For example, concentrating elements
are coupled to a plurality of photovoltaic regions using one or
more coupled structures. More particularly, the present
method and structure are directed to a laser sealing technique
of'a solar cell package apparatus. Merely by way of example,
the invention has been applied to solar panels, commonly
termed modules, but it would be recognized that the invention
has a much broader range of applicability.

In a specific embodiment, the present invention provides a
method for fabricating solar cell for a solar panel. The method
includes providing a first substrate member comprising a
plurality of photovoltaic strips thereon. The method includes
providing an optical elastomer material overlying a portion of
the first substrate member. In a specific embodiment, the
method aligns a second substrate member comprising a plu-
rality of optical concentrating elements thereon such that at
least one of the optical concentrating elements is operably
coupled to at least one of the plurality of photovoltaic strips.
In a specific embodiment, the second substrate member com-
prises an aperture surface region and an exit surface region.
The method couples the first substrate member to the second
substrate member to form an interface region along a first
peripheral region of the first substrate member and a second
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peripheral region of the second substrate member. In a spe-
cific embodiment, the method includes blocking an inner
region of the aperture surface region of the second substrate
member while exposing the peripheral region of the aperture
surface region of the second substrate member.

According to another embodiment, the present invention
provides A method for fabricating a solar cell free and sepa-
rate from a solar panel. The method includes providing a first
substrate member comprising a plurality of photovoltaic
strips thereon, the first substrate member having a first periph-
eral region, the first peripheral region including a first flat
region and a first structure region, the first structure region
including a protruding structure. The method also includes
providing an optical elastomer material overlying a portion of
the first substrate member. Furthermore, the method includes
providing a second substrate member having a second periph-
eral region, the second peripheral region including a second
flat region and a second structure region, the second structure
region including an indent structure. Additionally, the method
includes aligning the second substrate member comprising a
plurality of optical concentrating elements thereon such that
the first flat region of the first substrate mates with the second
flat region of the second substrate and the first structure
region, the second substrate member comprising an aperture
surface region and an exit surface region. The method also
includes coupling the first substrate member to the second
substrate member to form a sealing region between the first
peripheral region of the first substrate member and the second
peripheral region of the second substrate member and to
engage the first structure region of the first substrate to the
second structure region of the second substrate.

According to yet another embodiment, the present inven-
tion provides a solar cell package. The package includes a first
substrate member comprising a plurality of photovoltaic
strips thereon, the first substrate member having a first periph-
eral region, the first peripheral region including a first flat
region and a first structure region, the first structure region
comprising an protruding structure. The package also
includes an optical elastomer material overlying a portion of
the first substrate member. The package also includes a sec-
ond substrate member having a second peripheral region, the
second peripheral region including a second flat region and a
second structure region, the second substrate being aligned
such that the first flat region of the first substrate mates with
the second flat region of the second substrate and the first
structure region, the second substrate member comprising an
aperture surface region and an exit surface region, the second
structure region comprising an indent structure.

In a specific embodiment, the method also irradiates an
entirety of the second peripheral region of the second sub-
strate member using electromagnetic radiation to seal the
interface region between the second substrate and the first
substrate. In a preferred embodiment, the blocking selectively
allows for irradiation of the second peripheral region of the
second substrate member to seal the interface region. In an
alternative embodiment, irradiating an entirety of the second
peripheral region of the second substrate member uses a flash
or pulses of electromagnetic radiation to seal the interface
region between the second substrate and the first substrate,
while the inner region of the aperture surface region remains
blocked using blocking material.

In an alternative embodiment, the invention provides a
system for manufacture of solar cells. In a specific embodi-
ment, the apparatus has a stage member, which can be a
mechanical attachment member, vacuum member, or other
suitable device. The apparatus has a first substrate member
comprising a plurality of photovoltaic regions thereon pro-
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vided on the stage member, an optical elastomer material
overlying a portion of the first substrate member, an aligned
second substrate member comprising a plurality of optical
concentrating elements thereon such that at least one of the
optical concentrating elements being operably coupled to at
least one of the plurality of photovoltaic strips, the second
substrate member comprising an aperture surface region and
an exit surface region, and an interface region provided along
a first peripheral region of the first substrate member and a
second peripheral region of the second substrate member. In
a preferred embodiment, a blocking member is provided
within an inner region of the aperture surface region of the
second substrate member while exposing the peripheral
region of the aperture surface region of the second substrate
member. The apparatus also has an irradiation source coupled
to the stage member. In a specific embodiment, the irradiation
source is adapted to irradiate an entirety of the second periph-
eral region of the second substrate member using a flash or
pulses of electromagnetic radiation to seal the interface
region between the second substrate and the first substrate,
while the inner region of the aperture surface region remains
blocked using blocking material.

Many benefits are achieved by way of the present invention
over conventional techniques. For example, the present tech-
nique provides an easy to use process that relies upon con-
ventional technology such as silicon materials, although other
materials can also be used. Additionally, the method provides
a process that is compatible with conventional process tech-
nology without substantial modifications to conventional
equipment and processes. Preferably, the invention provides
for an improved solar cell, which is less costly and easy to
handle. Such solar cell uses a plurality of photovoltaic
regions, which are sealed within one or more substrate struc-
tures according to a preferred embodiment. In a preferred
embodiment, the invention provides a method and completed
solar cell structure using a plurality of photovoltaic strips free
and clear from a module or panel assembly, which are pro-
vided during a later assembly process. Also in a preferred
embodiment, one or more of the solar cells have less silicon
per area (e.g., 80% or less, 50% or less) than conventional
solar cells. In preferred embodiments, the present method and
cell structures are also light weight and not detrimental to
building structures and the like. That is, the weight is about
the same or slightly more than conventional solar cells at a
module level according to a specific embodiment. In a pre-
ferred embodiment, the present solar cell using the plurality
of photovoltaic strips can be used as a “drop in” replacement
of conventional solar cell structures. As a drop in replace-
ment, the present solar cell can be used with conventional
solar cell technologies for efficient implementation according
to a preferred embodiment. In a preferred embodiment, the
present method and system provide a way of sealing an inter-
face region between two substrate members using an electro-
magnetic radiation source, which is relatively easy to use and
cost effective. Depending upon the embodiment, one or more
of these benefits may be achieved. These and other benefits
will be described in more detail throughout the present speci-
fication and more particularly below.

Various additional objects, features and advantages of the
present invention can be more fully appreciated with refer-
ence to the detailed description and accompanying drawings
that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is asimplified diagram of a solar cell according to an
embodiment of the present invention;
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FIG. 2 is a simplified diagram of solar cell concentrating
elements according to an embodiment of the present inven-
tion;

FIG. 2A is a simplified side-view diagram of solar cell
concentrating elements according to an embodiment of the
present invention;

FIGS. 3,3A, and 3B are simplified flow diagrams illustrat-
ing a method ofassembling a solar cell apparatus according to
an embodiment of the present invention;

FIG. 4 is a simplified diagram of coupling a back cover
member to a concentrator member according to an embodi-
ment of the present invention;

FIGS. 5 and 5A are a simplified diagrams of irradiating
peripheral regions of the concentrator member and back
cover member to seal them together according to an embodi-
ment of the present invention;

FIG. 6 is a simplified side-view diagram of a concentrator
member and a back cover according to an embodiment of the
present invention;

FIG. 7 is a more detailed diagram of a back cover device
and a concentrator device according to an embodiment of the
present invention; and

FIG. 8 is a simplified plot of temperature gradient in z
direction in the seal region according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates generally to solar energy
techniques. In particular, the present invention provides a
method and resulting device fabricated from a plurality of
concentrating elements respectively coupled to a plurality of
photovoltaic regions. For example, concentrating elements
are coupled to a plurality of photovoltaic regions using one or
more coupled structures. More particularly, the present
method and structure are directed to a laser sealing technique
of'a solar cell package apparatus. Merely by way of example,
the invention has been applied to solar panels, commonly
termed modules, but it would be recognized that the invention
has a much broader range of applicability.

FIG.1is asimplified diagram of a solar cell according to an
embodiment of the present invention. This diagram is merely
an example, which should not unduly limit the scope of the
claims herein. One of ordinary skill in the art would recognize
other variations, modifications, and alternatives. As shown is
an expanded view of the present solar cell device structure,
which includes various elements. The device has a back cover
member 101, which includes a surface area and a back area.
Theback cover member also has a plurality of sites, which are
spatially disposed, for electrical members, such as bus bars,
and a plurality of photovoltaic regions. Alternatively, the back
cover can be free from any patterns and is merely provided for
support and packaging. Of course, there can be other varia-
tions, modifications, and alternatives.

In a preferred embodiment, the device has a plurality of
photovoltaic strips 105, each of which is disposed overlying
the surface area of the back cover member. In a preferred
embodiment, the plurality of photovoltaic strips corresponds
to a cumulative area occupying a total photovoltaic spatial
region, which is active and converts sunlight into electrical
energy.

An encapsulating material 115 is overlying a portion of the
back cover member. That is, an encapsulating material forms
overlying the plurality of strips, and exposed regions of the
back cover, and electrical members. In a preferred embodi-
ment, the encapsulating material can be a single layer, mul-
tiple layers, or portions of layers, depending upon the appli-
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cation. In alternative embodiments, as noted, the
encapsulating material can be provided overlying a portion of
the photovoltaic strips or a surface region of the front cover
member, which would be coupled to the plurality of photo-
voltaic strips. Of course, there can be other variations, modi-
fications, and alternatives.

In a specific embodiment, a front cover member 121 is
coupled to the encapsulating material. That is, the front cover
member is formed overlying the encapsulant to form a mul-
tilayered structure including at least the back cover, bus bars,
plurality of photovoltaic strips, encapsulant, and front cover.
In a preferred embodiment, the front cover includes one or
more concentrating elements, which concentrate (e.g., inten-
sify per unit area) sunlight onto the plurality of photovoltaic
strips. That is, each of the concentrating elements can be
associated respectively with each of or at least one of the
photovoltaic strips.

Upon assembly of the back cover, bus bars, photovoltaic
strips, encapsulant, and front cover, an interface region is
provided along at least a peripheral region of the back cover
member and the front cover member. The interface region
may also be provided surrounding each of the strips or certain
groups of the strips depending upon the embodiment. The
device has a sealed region and is formed on at least the
interface region to form an individual solar cell from the back
cover member and the front cover member. The sealed region
maintains the active regions, including photovoltaic strips, in
a controlled environment free from external effects, such as
weather, mechanical handling, environmental conditions,
and other influences that may degrade the quality of the solar
cell. Additionally, the sealed region and/or sealed member
(e.g., two substrates) protect certain optical characteristics
associated with the solar cell and also protects and maintains
any of the electrical conductive members, such as bus bars,
interconnects, and the like. Of course, there can be other
benefits achieved using the sealed member structure accord-
ing to other embodiments.

In a preferred embodiment, the total photovoltaic spatial
region occupies a smaller spatial region than the surface area
of'the back cover. That is, the total photovoltaic spatial region
uses less silicon than conventional solar cells for a given solar
cell size. In a preferred embodiment, the total photovoltaic
spatial region occupies about 80% and less of the surface area
of the back cover for the individual solar cell. Depending
upon the embodiment, the photovoltaic spatial region may
also occupy about 70% and less or 60% and less or preferably
50% and less of the surface area of the back cover or given
area of a solar cell. Of course, there can be other percentages
that have not been expressly recited according to other
embodiments. Here, the terms “back cover member” and
“front cover member” are provided for illustrative purposes,
and not intended to limit the scope of the claims to a particular
configuration relative to a spatial orientation according to a
specific embodiment. Further details of each of the various
elements in the solar cell can be found throughout the present
specification and more particularly below.

In a specific embodiment, the present invention provides a
packaged solar cell assembly being capable of stand-alone
operation to generate power using the packaged solar cell
assembly and/or with other solar cell assemblies. The pack-
aged solar cell assembly includes rigid front cover member
having a front cover surface area and a plurality of concen-
trating elements thereon. Depending upon applications, the
rigid front cover member consists of a variety of materials.
For example, the rigid front cover is made of polymer mate-
rial. As another example, the rigid front cover is made of
transparent polymer material having a reflective index of



US 7,910,392 B2

7

about 1.4 or 1.42 or greater. According to an example, the
rigid front cover has a Young’s Modulus of a suitable range.
Each of the concentrating elements has a length extending
from a first portion of the front cover surface area to a second
portion of the front cover surface area. Each of the concen-
trating elements has a width provided between the first por-
tion and the second portion. Each of the concentrating ele-
ments having a first edge region coupled to a first side of the
width and a second edge region provided on a second side of
the width. The first edge region and the second edge region
extend from the first portion of the front cover surface area to
a second portion of the front cover surface area. The plurality
of concentrating elements is configured in a parallel manner
extending from the first portion to the second portion.

It is to be appreciated that embodiment can have many
variations. For example, the embodiment may further
includes a first electrode member that is coupled to a first
region of each of the plurality of photovoltaic strips and a
second electrode member coupled to a second region of each
of the plurality of photovoltaic strips.

As another example, the solar cell assembly additionally
includes a first electrode member coupled to a first region of
each of the plurality of photovoltaic strips and a second elec-
trode member coupled to a second region of each of the
plurality of photovoltaic strips. The first electrode includes a
first protruding portion extending from a first portion of the
sandwiched assembly and the second electrode comprising a
second protruding portion extending from a second portion of
the sandwiched assembly.

In yet another specific embodiment, the present invention
provides a solar cell apparatus. The solar cell apparatus
includes a backside substrate member comprising a backside
surface region and an inner surface region. Depending upon
application, the backside substrate member can be made from
various materials. For example, the backside member is char-
acterized by a polymer material.

In yet another embodiment, the present invention provides
a solar cell apparatus that includes a backside substrate mem-
ber. The backside substrate member includes a backside sur-
face region and an inner surface region. The backside sub-
strate member is characterized by a width. For example, the
backside substrate member is characterized by a length of
about eight inches and less. As an example, the backside
substrate member is characterized by a width of about 8
inches and less and a length of more than 8 inches. Of course,
there can be other variations, modifications, and alternatives.
Further details of the solar cell assembly can be found in U.S.
patent application Ser. No. 11/445,993, commonly assigned,
and hereby incorporated by reference herein.

FIG. 2 is a simplified diagram of solar cell concentrating
elements 201 according to an embodiment of the present
invention. This diagram is merely an example, which should
not unduly limit the scope of the claims herein. One of ordi-
nary skill in the art would recognize other variations, modi-
fications, and alternatives. As shown, each of the concentrat-
ing elements for the strip configuration includes a trapezoidal
shaped member 205. Each of the trapezoidal shaped members
has a bottom surface 203 coupled to a pyramidal shaped
region coupled to an upper region 207. The upper region is
defined by surface 209, which is co-extensive of the front
cover. Each of the members is spatially disposed and in par-
allel to each other according to a specific embodiment. Here,
the term “trapezoidal” or “pyramidal” may include embodi-
ments with straight or curved or a combination of straight and
curved walls according to embodiments of the present inven-
tion. Depending upon the embodiment, the concentrating
elements may be on the front cover, integrated into the front
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cover, and/or be coupled to the front cover according to
embodiments of the present invention. Further details of the
front cover with concentrating elements are provided more
particularly below.

In a specific embodiment, a solar cell apparatus includes a
shaped concentrator device operably coupled to each of the
plurality of photovoltaic strips. The shaped concentrator
device has a first side and a second side. In addition, the solar
cell apparatus includes an aperture region provided on the
first side of the shaped concentrator device. As merely an
example, the concentrator device includes a first side region
and a second side region. Depending upon application, the
first side region is characterized by a roughness of about 100
nanometers or 120 nanometers RMS and less, and the second
side region is characterized by a roughness of about 100
nanometers or 120 nanometers RMS and less. For example,
the roughness is characterized by a dimension value of about
10% of a light wavelength derived from the aperture regions.
Depending upon applications, the backside member can have
a pyramid-type shape.

As an example, the solar cell apparatus includes an exit
region provided on the second side of the shaped concentrator
device. In addition, the solar cell apparatus includes a geo-
metric concentration characteristic provided by a ratio of the
aperture region to the exit region. The ratio can be character-
ized by a range from about 1.8 to about 4.5. The solar cell
apparatus also includes a polymer material characterizing the
shaped concentrator device. The solar cell apparatus addi-
tionally includes a refractive index of about 1.45 and greater
characterizing the polymer material of the shaped concentra-
tor device. Additionally, the solar cell apparatus includes a
coupling material formed overlying each of the plurality of
photovoltaic strips and coupling each of the plurality of pho-
tovoltaic regions to each of the concentrator devices. For
example, the coupling material is characterized by a suitable
Young’s Modulus.

As merely an example, the solar cell apparatus includes a
refractive index of about 1.45 and greater characterizing the
coupling material coupling each of the plurality of photovol-
taic regions to each of the concentrator device. Depending
upon application, the polymer material is characterized by a
thermal expansion constant that is suitable to withstand
changes due to thermal expansion of elements of the solar cell
apparatus.

For certain applications, the plurality of concentrating ele-
ments has a light entrance area (A1) and a light exit area (A2)
such that A2/A1 is 0.8 and less. As merely an example, the
plurality of concentrating elements has a light entrance area
(A1) and a light exit area (A2) such that A2/A1 is 0.8 and less,
and the plurality of photovoltaic strips are coupled against the
light exit area. In a preferred embodiment, the ratio of A2/A1
is about 0.5 and less. For example, each of the concentrating
elements has a height of 7 mm or less. In a specific embodi-
ment, the sealed sandwiched assembly has a width ranging
from about 100 millimeters to about 210 millimeters and a
length ranging from about 100 millimeters to about 210 mil-
limeters. In a specific embodiment, the sealed sandwiched
assembly can even have a length of about 300 millimeters and
greater. As another example, each of the concentrating ele-
ments has a pair of sides. In a specific embodiment, each of
the sides has a surface finish of 100 nanometers or less or 120
nanometers and less RMS. Of course, there can be other
variations, modifications, and alternatives.

Referring now to FIG. 2A, the front cover has been illus-
trated using a side view 201, which is similar to FIG. 2. The
front cover also has a top-view illustration 210. A section
view 220 from “B-B” has also been illustrated. A detailed
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view “A” of at least two of the concentrating elements 230 is
also shown. Depending upon the embodiment, there can be
other variations, modifications, and alternatives.

Depending upon the embodiment, the concentrating ele-
ments are made of a suitable material. The concentrating
elements can be made of a polymer, glass, or other optically
transparent materials, including any combination of these,
and the like. The suitable material is preferably environmen-
tally stable and can withstand environmental temperatures,
weather, and other “outdoor” conditions. The concentrating
elements can also include portions that are coated with an
anti-reflective coating for improved efficiency. Coatings can
also be used for improving a durability of the concentrating
elements. Of course, there can be other variations, modifica-
tions, and alternatives.

In a specific embodiment, the solar cell apparatus includes
a first reflective side provided between a first portion of the
aperture region and a first portion of the exitregion. As merely
an example, the first reflective side includes a first polished
surface of a portion of the polymer material. For certain
applications, the first reflective side is characterized by a
surface roughness of about 120 nanometers RMS and less.

Moreover, the solar cell apparatus includes a second reflec-
tive side provided between a second portion of the aperture
region and a second portion of the exit region. For example,
the second reflective side comprises a second polished sur-
face of a portion of the polymer material. For certain appli-
cations, the second reflective side is characterized by a sur-
face roughness of about 120 nanometers and less. As an
example, the first reflective side and the second reflective side
provide for total internal reflection of one or more photons
provided from the aperture region.

In addition, the solar cell apparatus includes a geometric
concentration characteristic provided by a ratio of the aper-
ture region to the exit region. The ratio is characterized by a
range from about 1.8 to about 4.5. Additionally, the solar cell
apparatus includes a polymer material characterizing the
shaped concentrator device, which includes the aperture
region, exit region, first reflective side, and second reflective
side. As an example, the polymer material is capable of being
free from damaged caused by ultraviolet radiation.

Furthermore, the solar cell apparatus has a refractive index
of'about 1.45 and greater characterizing the polymer material
of the shaped concentrator device. Moreover, the solar cell
apparatus includes a coupling material formed overlying each
of'the plurality of photovoltaic strips and coupling each of the
plurality of photovoltaic regions to each of the concentrator
devices. The solar cell apparatus additionally includes one or
more pocket regions facing each of'the first reflective side and
the second reflective side. The one or more pocket regions can
be characterized by a refractive index of about 1 to cause one
or more photons from the aperture region to be reflected
toward the exit region. To maintain good efficiency of the
subject concentrator devices, each of the concentrating ele-
ments is separated by a region having a notch structure of a
predetermined size and shape according to a specific embodi-
ment. Of course there can be other variations, modifications,
and alternatives. Further details of the notch structures can be
found throughout the present specification and more particu-
larly below.

FIG. 3 is a simplified flow diagram illustrating a method of
assembling a solar cell apparatus according to an embodi-
ment of the present invention. This diagram is merely an
example, which should not unduly limit the scope of the
claims herein. One of ordinary skill in the art would recognize
other variations, modifications, and alternatives. As shown,
the method provides a first substrate member (Step 302). The
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first substrate member includes a plurality of photovoltaic
strips thereon. The method provides a second substrate mem-
ber (Step 304) which includes a plurality of optical concen-
trating elements. The first substrate member is aligned and
couple to the second substrate member (Step 306). In a spe-
cific embodiment, an inner region of the second substrate
member (Step 308) is blocked from irradiation while a
peripheral region remained exposed (Step 310). A pressure is
applied (Step 314). The method includes irradiating the
exposed peripheral region of the second substrate member
(Step 312) and forming a melting region in an interface region
between the first substrate member and the second substrate
member. The melting region is used to seal peripheral inter-
face between first substrate and second substrate (Step 316).
The method continues with other steps (Step 318) to complete
the solar cell panel.

The above sequence of steps provide a method for assem-
bling a solar cell panel according to an embodiment of the
present invention. Alternatively, one or more of the steps may
be performed, one or more steps may be eliminated, or one or
more steps may be performed in a different sequence depend-
ing on the embodiment. One skilled in the art would recog-
nize many other variations, modifications, and alternatives.

FIG. 3A is a simplified flow diagram illustrating a method
of'assembling a solar cell apparatus according to an embodi-
ment of the present invention. This diagram is merely an
example, which should not unduly limit the scope of the
claims herein. One of ordinary skill in the art would recognize
other variations, modifications, and alternatives. As shown,
the method provides a first substrate member (Step 302). The
first substrate member includes a plurality of photovoltaic
strips thereon. The method provides a second substrate mem-
ber (Step 304) which includes a plurality of optical concen-
trating elements. The method also includes providing a high
emissivity back cover device (Step 305). The first substrate
member is aligned and couple to the second substrate member
(Step 306). In a specific embodiment, an inner region of the
second substrate member (Step 308) is blocked from irradia-
tion while a peripheral region remained exposed (Step 310).
A pressure is applied (Step 314). The method includes irra-
diating the exposed peripheral region of the second substrate
member (Step 312) and forming a melting region in an inter-
face region between the first substrate member and the second
substrate member. As an example, laser is used for providing
irradiation. The melting region is used to seal peripheral
interface between first substrate and second substrate (Step
316). The method continues with other steps (Step 318) to
complete the solar cell panel.

The above sequence of steps provide a method for assem-
bling a solar cell panel according to an embodiment of the
present invention. Alternatively, one or more of the steps may
be performed, one or more steps may be eliminated, or one or
more steps may be performed in a different sequence depend-
ing on the embodiment. One skilled in the art would recog-
nize many other variations, modifications, and alternatives.

FIG. 3B is a simplified flow diagram illustrating a method
of'assembling a solar cell apparatus according to an embodi-
ment of the present invention. This diagram is merely an
example, which should not unduly limit the scope of the
claims herein. One of ordinary skill in the art would recognize
other variations, modifications, and alternatives. As shown,
the method provides a first substrate member (Step 302). The
first substrate member includes a plurality of photovoltaic
strips thereon. The method provides a second substrate mem-
ber (Step 304) which includes a plurality of optical concen-
trating elements. The method also includes providing a high
emissivity back cover device (Step 305). The first substrate
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member is aligned and couple to the second substrate member
(Step 306). A pressure is applied (Step 308). In a specific
embodiment, an inner region of the second substrate member
(Step 310) is blocked from irradiation while a peripheral
region remained exposed (Step 312). The method includes
irradiating the exposed peripheral region of the second sub-
strate member (Step 314) and forming a melting region in an
interface region between the first substrate member and the
second substrate member. The melting region is used to seal
peripheral interface between first substrate and second sub-
strate (Step 316). The method continues with other steps
(Step 318) to complete the solar cell panel.

The above sequence of steps provide a method for assem-
bling a solar cell panel according to an embodiment of the
present invention. Alternatively, one or more of the steps may
be performed, one or more steps may be eliminated, or one or
more steps may be performed in a different sequence depend-
ing on the embodiment. One skilled in the art would recog-
nize many other variations, modifications, and alternatives.

FIG. 4 is a simplified diagram of coupling 400 a back cover
member 401 to a concentrator member 402 according to an
embodiment of the present invention. This diagram is merely
an example, which should not unduly limit the scope of the
claims herein. One of ordinary skill in the art would recognize
other variations, modifications, and alternatives. As shown in
FIG. 4, the back cover member 401 includes, a first peripheral
region 404, which has a protruding structure 406 and a first
flat region in a portion of the first peripheral region. Also
shown in FIG. 4, the concentrator member includes a second
peripheral region 408, which has an indent structure 410 and
a second flat region in a portion of the second peripheral
region. In a specific embodiment, the protruding structure and
the indent structure provides a tongue and groove mechanism
to couple the back cover member and the concentrator mem-
ber. Additionally, the back cover member and the concentra-
tor member may be aligned using the tongue and groove
mechanism in a specific embodiment, the protruding struc-
ture 406 of the back cover member is aligned to a second
peripheral region 408 of the concentrator member such that
each of the plurality of photovoltaic strips is coupled to a
concentrator element in the concentrator member. As shown
in FIG. 4, the coupled substrate member includes an interface
region 412 formed from the first peripheral region and the
second peripheral region. In a specific embodiment, the pro-
truding structure 410 has a semi-circular cross section. For
example, the protruding structure 410 has a diameter of about
%1000 of an inch or less and runs along the second peripheral
region of the concentrator member. Alternatively, the protrud-
ing structure can be any shape, for example, the cross section
can be rectangular, or other polygon shapes. The indent struc-
ture can be shaped accordingly to mate with the protruding
structure. Of course there can be other variations, modifica-
tions, and alternatives.

Optionally, before coupling, the interface region may be
subjected to a cleaning process to remove any material that
may affect sealing of the substrate members. The cleaning
process can include using a suitable solvents or a combination
of solvents followed by drying. Alternatively the cleaning
process may include a plasma cleaning, or a blasting process
to remove undesirable material. Of course there can be other
variations, modifications, and alternatives.

In a specific embodiment, after aligning the concentrator
member to the back cover member, a force is provided to
mechanically couple the aligned concentrator member to the
back cover member. The force may be provided by a plate,
fluid pressure, a clamp or any other suitable techniques. Fur-
ther details of the applied force can be found through the
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present specification and particularly below. Of course there
can be other variations, modifications, and alternatives.

FIG. 5-7 are simplified diagrams of joining the concentra-
tor member and back cover member and to seal them together
using an electromagnetic radiation according to an embodi-
ment of the present invention. These diagrams are merely
examples, which should not unduly limit the scope of the
claims herein. One of ordinary skill in the art would recognize
other variations, modifications, and alternatives. As shown in
FIG. 5, a stage member including a waveguide device 504 is
provided. The waveguide device includes an inner waveguide
506, an outer waveguide 508, and an opening region 510. The
waveguide device also includes an upper surface region 512
and a back surface region 514. In a specific embodiment, the
electromagnetic radiation is allowed to pass through the
opening region of the waveguide device and blocked by the
inner waveguide region and the outer waveguide region. In a
specific embodiment, the opening region includes a straight
face region 518 and an oblique face region 520. In a specific
embodiment, the straight face region may be a flat surface.
The straight face region may also be a curved surface that is
concave or convex depending on the application. In a specific
embodiment, the oblique face region may be a flat surface.
Alternatively, the oblique face region may be a curved surface
depending upon the application. The oblique face region and
the straight face region allow for a maximum transmission of
the electromagnetic radiation through the opening region.
The waveguide device is preferably made of a highly reflec-
tive material at least in the straight face region and the oblique
face region. In a specific embodiment, the waveguide device
is made of a gold plated alloy. For example, the alloy may be
steel and/or other metal materials. The waveguide device is
configured to allow for a concentration of the electromagnetic
radiation to concentrate at a weld region 516 in the peripheral
region in a specific embodiment. A top view of the waveguide
device is shown in FIG. SA. Of cause there can be other
variations, modifications, and alternatives.

In a specific embodiment, the waveguide device is pro-
vided overlying the aperture region of the concentrator mem-
ber. In a specific embodiment, a force 522 is applied on the
front surface region of the waveguide device to mechanically
couple the concentrator member to the back cover member to
form the peripheral region as also shown in FIG. 5. In a
specific embodiment, the mechanical force can be provided
using air pressure or a weight such as a cylinder providing a
pressure ranging from about 100 psi to about 200 psi. Other
means of mechanical forces, such as an air pressure, may also
be used. Of course there can be other variations, modifica-
tions, and alternatives.

Referring to FIG. 6, the coupled concentrator member and
the back cover member is irradiated using an electromagnetic
radiation 602. The electromagnetic radiation may be pro-
vided using a energy source such as a laser source or a flash
lamp or other suitable energy source. In a specific embodi-
ment, the electromagnetic radiation may be provided using a
laser (e.g., laser diode, tunable dye, etc.) having a suitable
wavelength range and providing a suitable power range. In a
preferred embodiment, the electromagnetic radiation is pro-
vided for a time period of about eight seconds or less and
preferably 1-4 seconds. Effectively, the electromagnetic
radiation traverses through the entire exposed peripheral
region of at least the concentrator member of the coupled
substrate within the entire time period and provides energy to
cause a melt region 608 in the interface region while the inner
region is blocked from the electromagnetic radiation.

In a specific embodiment, the electromagnetic radiation
and/or laser energy is guided using one or more fiber optics



US 7,910,392 B2

13

606 from a source 604 and through the opening region of the
waveguide device to the peripheral region of the coupled
substrate to provide energy to cause the melt region in the
peripheral region. For example, the source 604 is a laser
source. The laser source provides pulses of energy and the one
ormore fiber optics are allowed to translate above the opening
region of the waveguide device to provide energy to cause the
melt region in the interface region of the coupled substrate
members in a specific embodiment. As merely an example,
the electromagnetic radiation can be derived from Laser
IRAM assembly systems Models 200 and 300 manufactured
by Branson Ultrasonics Corp., 41 Eagle Rd., Danbury, Conn.
06813-1961, USA. Of course there can be other variations,
modifications, and alternatives.

In a specific embodiment, the light/laser radiation traverses
through the entire thickness of the concentrator member,
which can be a polymer component transmissive to light. The
energy is absorbed at least by the back cover member at the
interface region to cause a melt region 608 in the interface
region. In a specific embodiment, the back cover member is
made of a light absorbing material at least in the second
peripheral region. The light absorbing material absorbs irra-
diation energy traversing at least the first peripheral region of
the concentrator element, which is transparent, to cause heat-
ing and to form the melting region in the interface region. In
a specific embodiment, the light absorbing material can also
be a light blocking material or include each of these charac-
teristics. In an alternative embodiment, the light absorbing
material may be provided in the interface region to absorb the
irradiation energy to cause heating and forming the melt
region in the interface region. In a specific embodiment, the
concentrator element can be made of an acrylic material
characterized by a high transmisivity to light. In a specific
embodiment, the back cover member can be a polymer having
a high emmisivity. As merely an example, the back cover
member can be an acrylic material. Alternatively, the back
cover member can be a polycarbonate material. In the
example of an acrylic concentrator element and a polycarbon-
ate back cover, the irradiation energy heats the interface
region to a temperature of about 110 Degree Celsius to about
115 Degree Celsius to cause the melt region configured to be
light absorbing. In a specific embodiment at least 90% of the
energy is transmitted through the first peripheral region of the
concentrator member and absorbed by the back cover mem-
ber to cause the melt region as shown by the relationship:

E=E+Ej,.

where E is the energy provided by the electromagnetic

radiation,

E is the energy absorbed by the concentrator member in

the peripheral region, and

Ej is the energy absorbed by the back cover member in the

peripheral region.

As shown, Ez ranges from 90% to 95% of E, that is 90% to
95% of the energy is transmitted through the concentrator
member and absorbed by the back cover member to cause the
melt region in the peripheral region. Of course there can be
other variations, modifications, and alternatives.

In a specific embodiment, the melt region forms a seal
region 702 for the back cover member and the concentrator
member. FIG. 7 is a simplified side-view diagram of a con-
centrator member and a back cover member according to an
embodiment of the present invention. This diagram is merely
an example, which should not unduly limit the scope of the
claims herein. One of ordinary skill in the art would recognize
other variations, modifications, and alternatives. In a specific
embodiment, the melt region forms a seal region 702 for the
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back cover member and the concentrator member. A more
detailed diagram of the seal region is also shown. In a specific
embodiment, the seal region has a width 704 of about 50 um
or less and can include a protruded region 706. In a specific
embodiment, the seal region provided is free of contamina-
tions such as particulates or chemical species as may occur by
other means. The seal region maintains the photovoltaic strips
and electrical conducting element in a desired controlled
environment and provides protection from elements such as
moisture and others. Of course there can be other variations,
modifications, and alternatives.

Effectively, the irradiation energy causes a temperature
gradient within the interface region. Taking acrylic as the
material for the concentrator member and polycarbonate as
the material for the back cover member as an example. The
polycarbonate is designed to be light absorbing and the
acrylic is designed to be transmissive. The energy transmitted
through the first peripheral region of the concentrator mem-
ber provides heat energy to increase the temperature of the
interface region to about 105 Degree Celsius to about 120
Degree Celsius to cause the melt region. In a specific embodi-
ment, the temperature gradient is provided within a vertical
distance in the interface region as illustrated in a simplified
plot 800 in FIG. 8. As shown, the temperature is provided on
vertical axis and the vertical distance is provided on the hori-
zontal axis. The temperature gradient is essentially provided
within a vertical distance 701 as shown. In a specific embodi-
ment, the temperature gradient is provided within a vertical
distance of about 40 micron to about 50 micron in the vertical
direction. That is the thermal energy is provided within ver-
tical distance 801 for a time period to form the melt region in
a specific embodiment. The time period is about eight sec-
onds or less and preferably 4-6 seconds in a specific embodi-
ment. Of course there can be other variations, modifications,
and alternatives.

It is also understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be sug-
gested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims.

What is claimed is:
1. A method for fabricating solar cells for a solar panel, the
method comprising:

providing a first substrate member comprising a plurality
of photovoltaic strips thereon;

providing an optical elastomer material overlying a portion
of the first substrate member;

aligning a second substrate member comprising a plurality
of optical concentrating elements thereon such that at
least one of the optical concentrating elements is oper-
ably coupled to at least one of the plurality of photovol-
taic strips, wherein the second substrate member com-
prises an aperture surface region and an exit surface
region;

coupling the first substrate member directly to the second
substrate member to form an interface region along a
first peripheral region of the first substrate member and
along a second peripheral region of the second substrate
member;

blocking an inner region of the aperture surface region of
the second substrate member while exposing the periph-
eral region of the aperture surface region of the second
substrate member; and

irradiating an entirety of the second peripheral region of the
second substrate member using an electromagnetic
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radiation to cause a melt region and seal the interface
region between the second substrate and the first sub-
strate.

2. The method of claim 1 wherein the coupling further
comprises applying a mechanical force to increase pressure at
the interface region between the first substrate and the second
substrate to maintain the first substrate member and the sec-
ond substrate member mated together during irradiating.

3. The method of claim 1 wherein the irradiation provides
atemperature gradient in a vertical distance of less than 50 pm
within the interface region.

4. The method of claim 2 wherein the mechanical force
provides a pressure of about 150 psi and greater.

5. The method of claim 1 wherein each of the solar cells is
provided in a panel.

6. The method of claim 1 wherein the second substrate
member is optically transparent.

7. The method of claim 1 wherein the electromagnetic
radiation comprises a flash lamp or a laser source.

8. The method of claim 1 wherein the irradiating is pro-
vided for a time period of eight seconds and less.

9. The method of claim 1 further comprising cleaning the
interface region before coupling the first substrate member to
the second substrate member.

10. The method of claim 1 wherein the interface region has
one or more voids of a dimension of %1000 of an inch or less
before the irradiating.

11. The method of claim 1 wherein the first substrate mem-
ber comprises a polymer bearing material, a non-conductive
material, or a multi-layer material.

12. The method of claim 1 wherein the electromagnetic
irradiation traverses through an entirety of the second periph-
eral region to cause the melt region at the interface region to
cause sealing of the interface region between the first sub-
strate member and the second substrate member.

13. A method for fabricating a solar cell free and separate
from a solar panel, the method comprising:

providing a first substrate member comprising a plurality

of'photovoltaic strips thereon, the first substrate member
having a first peripheral region, the first peripheral
region including a first flat region and a first structure
region, the first structure region including a protruding
structure;

providing an optical elastomer material overlying a portion

of the first substrate member;
providing a second substrate member having a second
peripheral region, the second peripheral region includ-
ing a second flat region and a second structure region, the
second structure region including an indent structure;

aligning the second substrate member comprising a plural-
ity of optical concentrating elements thereon such that
the first flat region of the first substrate mates with the
second flat region of the second substrate, the second
substrate member comprising an aperture surface region
and an exit surface region; and

coupling the first substrate member directly to the second

substrate member to form a sealing region between the
first peripheral region of the first substrate member and
the second peripheral region of the second substrate
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member and to engage the first structure region of the
first substrate to the second structure region of the sec-
ond substrate.

14. The method of claim 13 wherein the protruding struc-
ture is mated to the indent structure using a tongue and groove
mechanism.

15. The method of claim 13 wherein the plurality of pho-
tovoltaic strips are provided within a respective plurality of
recessed regions on the first substrate member.

16. The method of claim 13 wherein the first substrate
member comprises a polymer bearing material, a non-con-
ductive material, or a multilayered material.

17. The method of claim 13 wherein each of the photovol-
taic strips comprises a silicon bearing material.

18. The method of claim 13 wherein the first substrate
member is characterized by a high emissivity at least in the
first peripheral region.

19. The method of claim 13 wherein the coupling com-
prises irradiating an entirety of the second peripheral region
of the second substrate member with electromagnetic radia-
tion to cause a melt region and seal the sealing region between
the second substrate and the first substrate.

20. The method of claim 19 wherein the electromagnetic
radiation comprises a flash lamp or a laser source.

21. The method of claim 19 wherein the electromagnetic
radiation is substantially absorbed by the first substrate mem-
ber in the interface region to cause the melt region.

22. The method of claim 13 wherein the first flat region and
the first structure have lengths of about 30 microns to about
100 microns and the second flat region and the second struc-
ture have lengths of about 30 microns to about 100 microns.

23. The method of claim 13 wherein the coupling com-
prises applying a mechanical force to increase pressure at the
interface region between the first substrate and the second
substrate to maintain the first substrate member and the sec-
ond substrate member mated together during irradiating.

24. The method of claim 23 wherein the mechanical force
provides a pressure of about 150 psi and greater.

25. A method for fabricating a solar cell free and separate
from a solar panel, the method comprising:

providing a first substrate member comprising a plurality

of photovoltaic strips configured as an assembly
thereon, the first substrate member having a first periph-
eral region, the first peripheral region including a pro-
truding structure;

providing an optical elastomer material overlying a portion

of the first substrate member;

providing a second substrate member having a second

peripheral region, the second peripheral region includ-
ing an indent structure;
aligning the second substrate member comprising a plural-
ity of optical concentrating elements thereon such that
the protruding structure of the first substrate mates with
the indent structure of the second substrate; and

coupling the first substrate member directly to the second
substrate member to form a sealing region between the
first peripheral region of the first substrate member and
the second peripheral region of the second substrate
member.



