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SCALABLE PHOTOVOLTAIC CELL AND SOLAR PANEL
MANUFACTURING WITH IMPROVED WIRING

BACKGROUND OF THE INVENTION

Field of the Invention

[oo01] Embodiments of the present invention generally relate to

photovoltaic/solar cell and solar panel manufacturing.

Description of the Related Art

[0002] Photovoltaics (PV) or solar cells are material junction devices which
convert sunlight into direct current (DC) electrical power. A junction develops a
photo-voltage while the area and other parameters of the device determine the
available current. Practical solar panels are sized in area to deliver the needed
amount of power and optimize other application parameters. Solar panels are
created by tiling a number of solar cells together whose dimensions are optimized by
a variety of manufacturing constraints to minimize the manufacturing cost. The
number of individual solar cells used is also determined by trading off between panel
operating voltage and current (I), since the wiring generates resistance (R) and thus

contributes a power loss (Py) given by P.=I%R.

[0003] One example of PV systems includes a stand-alone system which in
general powers for direct use or with local storage. Another type of PV system is
connected to conventional utility grid with the appropriate power conversion
equipment to produce alternating current (AC) compatible with any conventional
utility grid. Overall, PV systems can generate power for many uses, such as remote
terrestrial applications, battery charging for navigational aids, telecommunication
equipments, and consumer electronic devices, such as calculators, watches, radios,

elc.

[0004] A typical PV cell includes a p-type silicon wafer or sheet typically less than
about 0.3 mm thick with a thin layer of n-type silicon on top, forming a p-n junction,
which creates an electric field. When exposed to sunlight (consisting of energy from

photons), the p-n junction of the PV cell generates pairs of free electrons and holes.
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The electric field of the p-n junction separates the free electrons and holes, creating
a voltage. A circuit from n-side to p-side allows the flow of electrons when the PV
cell is connected to an electrical load. Electrical power is the product of the voltage
times the current generated as the electrons and holes recombine. Optimized solar

cells usually mean maximum power generated at minimum cost.

[0005] Depending on the end use application, a variety of other parameters are
considered. As an example, one or both surfaces of a PV cell are coated with
suitable dielectrics after the p-n Junction is formed. The dielectric layers are used to
minimize surface recombination and on the front provide antireflective coating to
reduce reflection losses of photons. The bottom of the PV cell is generally covered
with a back metal which provides contact for good conduction as well as high
reflectivity. The front or sun facing side of the PV cell is covered with area minimized
metallic contact grid for transporting current and minimizing current losses due to
resistance through the silicon layers. Some blockage of sunlight or photons by the
contact grid is unavoidable but can be minimized. Metal grids with patterns of
conductive metal lines are used to collect current. The final step is a glass cover

plate which protects the PV cell and provides structural re-enforcement.

[0006] Solar cells and PV panels currently‘ are manufactured by starting with
many small silicon sheets or wafers as material units and processed into individual
photovoltaic cells before they are assembled into PV module and solar panel
according to a variety of contacting or wiring schemes. These silicon sheets are
generally saw-cut p-type boron doped silicon sheets, precut to the sizes and
dimensions that will be used, e.g., 10 cm x 10 cm, or 21 cm x 21 cm. Originally
these sizes were derived from available single crystal wafer sizes, but the advent of
cast multi-crystalline silicon and ribbon technology has created more freedom in

choosing sheet sizes for cell formation and optimizing production.

[0007] The cutting (sawing) or ribbon formation operation leaves damage to the
surfaces of the precut silicon sheets, and one or more etching processes are
performed on both surfaces of the silicon sheets to etch off about ten to twenty

microns in thickness from each surface and provide surface textures thereon. Next,
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n-type doped silicon is formed by thermal or rapid thermal diffusion, e.g., by
phosphorus diffusion penetrated up to a maximum of about 0.5 microns deep. Then,
p-n junction isolation is performed at the edges of the silicon sheets by sand
blasting, plasma eich or laser cutting. Additionally, the front side of the silicon
substrates is covered with a deposited layer of antireflective coating made of a
dielectric material, such as silicon dioxide, titanium dioxide, or silicon nitride which
also provide as a barrier to surface recombination. Silicon nitride is currently the

preferred primary dielectric film.

[0008] In general, screen printing thick-film technology is then used in the PV cell
industry to layer a conductive paste of metal materials, e.g., silver, eic., into a
desired pattern and deposit a metal material layer to the surface bf the silicon
sheets/substrates for forming metal contact fingers or wiring channels. Other thin
film technologies may be used for contact formation or electrode processing. The
deposited metal layer, formed into contacts, is often fired or sintered at high
temperature to form into good conductors in direct contact with underlying silicon

materials, and a single PV cell is made.

[0009] A solar module is formed by tiling a number of individual PV cells arrayed
and bonded onto protective films and a carrier glass to create a solar panel
appropriately sized for the required power output and wired to achieve the desired
operating voltage and current. Currently, many different wiring/interconnect schemes
can be used for contact patterning and current collection; for example, schemes
usin'g both front and back side wiring, schemes using front side current collection but
all the contacts are brought to the back side, and other wiring schemes. Front side

generally refers to the side facing sunlight.

[0010] Figures 1A-1E demonstrates a basic PV module fabrication process for
PV cells. In general, as shown in Figure 1A, after a single PV cell 110 is finished,
metal tabs 104 are soldered to bus bars 102 on the surface of the PV cell. As shown
in Figure 1B, two or more metal tabs 104 per cell can be used to wire metal contacts

or metal fingers 108 on each PV cell 110, provide interconnect links between PV



WO 2006/101741 PCT/US2006/008269

cells 110, and allow thermal expansion. Regardless of size, a single PV cell

generally produces about 0.5-0.6 volt DC current.

[0011] In Figure 1C, several PV cells 110 are interconnected in series or parallel
electrical circuits into a PV module to produce higher voltage, current, and power
levels. Interconnection wiring of each PV cell 110 into strings 106 or modules 120 is
performed by soldering and wiring metal tabs 104 and auxiliary tabs together, using
various wiring schemes. A cdmmon configuration uses about 36 connected PV cells
for a maximum of about 15 volts, compatible with major appliances and appropriate

for 12 volts battery charging.

[0012] As shown in Figures 1D and 1E, the PV module 120 is usually stacked
with encapsulant materials, such as ethylene vinyl acetate (EVA) sheets 122, and
covered with a front glass pane 140 and a back pane 130. The PV module 120 can
further be sealed in protective laminates or barriers. A number of PV modules 120
can also be assembled into pre-wired panels 150 or arrays 160. Protection of the
active PV devices during module construction directly affects the performance and

lifetime of the final PV systems.

[0013] PV module or solar panel is often completed by manual assembly, wiring,
and soldering. Machines do exist for tabbing, laminating, and curing, but automation
is in need of further improvement. Overall, the manufacturing process leads to
relatively inefficient manufacturing volume for handling large unit wiring assembly.
Currently, the whole manufacturing process for making an installed PV system is

very expensive.

[0014] Therefore, there is a need to improve the scalability of the manufacturing

process and find various ways to reduce the manufacturing cost.

SUMMARY OF THE INVENTION

[0015] Aspects of the invention provide a method for volume manufacturing of a
number of photovoltaic cells and solar modules with improved wiring. In one aspect,

a method is provided for fabricating a solar module assembly, including bonding one
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or more substrates onto a wiring plane to form the solar module assembly, where
each substrate is designed to separate into a plurality of photovoltaic cells. The
method further includes separating each of the individually sized photovoltaic cells
from the bonded one or more substrates on the solar module assembly after

bonding the one or more substrates on the solar module assembly.

[0016] In another aspect, a solar module assembly is provided and includes a
wiring plane having one or more substrates bonded thereon and a plurality of
photovoltaic cells on each of the one or more subsirates. The one or more
substrates are bonded onto the wiring plane prior to the plurality of the photovoltaic

cells are separated and isolated on each substrate.

[0017] In still another aspect, a method for fabricating a solar module assembly
includes bonding one or more substrates onto a wiring plane having conductor
patterns, arranging the one or more substrates on the wiring plane to align the one
or more substrates with the conductor patterns for the plurality of photovoltaic cells
to form the solar module assembly, and separating each of the individual
photovoltaic cells on the solar module assembly. Each substrate is pre-assigned for
manufacture the plurality of the photovoltaic cells. The bonding includes electrical
connection of features, such as vias, on the one or more substrates to the wiring

plane as well as adhesive bonding for mechanical suppori.

[0018] In still another aspect, a method for fabricating a solar module assembly
includes patterning a plurality of features on one or more substrates, forming a
plurality of contacts on front or back sides of the one or more substrates, forming
current collection metal wiring on the one or more substrates, bonding the one or
more substrates onto a wiring plane to form the solar module assembly, where each
substrate is designed for manufacturing a plurality of photovoltaic cells, and

separating each of the individual photovoltaic cell on the solar module assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] So that the manner in which the above recited features of the present

invention can be understood in detail, a more particular description of the invention,
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briefly summarized above, may be had by reference to embodiments, some of which
Aare illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0020] Figures 1A-1E illustrate a prior art manufacturing process, starting from a

single PV cell and assembling into wired PV modules, panels, and arrays.

[0021] Figure 2 is a process flow diagram illustrating an exemplary method

incorporating one embodiment of the invention.

[0022] Figure 3 illustrates one embodiment of an exemplary substrate for

manufacturing a plurality of PV cells thereon.

[0023] Figure 4 illustrates the exemplary substrate of Figure 3 arranged on an

exemplary wiring plane according to one embodiment of the invention.

[0024] Figure 5 illustrates one side of the exemplary wiring plane having current

conducting, wiring patterns according to one embodiment of the invention.

DETAILED DESCRIPTION

[0025] The present invention provides method and apparatus to fabricate and
manufacture a number of PV cells directly into a sized solar module or solar panel.
One embodiment of the invention includes the use of a large size/scale substrate
such that two or more PV cells can be processed and isolated thereon later in the
process. The size of the individual PV cells can range, for example, from about 10
cm x 10 cm to about 21 cm x 21 cm, e.g., 15.6 cm x 15.6 cm. However, smaller or
lager sizes/dimensions can also be used to advantage. In contrast, prior art methods
typically use one silicon substrate for processing into a single PV cell before

individually assembling the processed PV cell into a solar module or panel.

[0026] The- substrate of the invention can be any of the substrate types suitable

for PV cell and solar module fabrication, e.g., monocrystalline silicon, polycrystalline
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silicon, amorphous §i|iqon, silicon ribbon sheet, cadmium telluride, gallium arsenide,
among others. The shape of the substrate can vary and is not limited to square,
rectangle, circle, oval, efc. Each substrate may include a single p-n junction, a dual
junction, a triple junction, tunnel junction, p-i-n jﬂunction, or any other types of p-n
junctions created by suitable semiconductor materials for solar cell manufacturing.
For example, ph.osphorus diffusion can be used to create p-n junction on a p-type

boron doped silicon substrate sheet.

[0027] Figure 2 depicts a process flow diagram illustrating one exemplary method
200 of the invention. The method 200 includes patterning a plurality of features on a
large-scale substrate for two or more PV cells at step 210. Suitable features include
vias, contacts, contact windows, trenches, among others. The plurality of the
features can be patterned by any of suitable patterning techniques, including, but not
limited to, dry etch, wet etch, laser drilling, chemical mechanical jet etch, and
combinations thereof. One example of a chemical mechanical jet etch process is
described in U.S. Pat. No. 6,699,356, entitled "Method and Apparatus for Chemical
Mechanical Jet Etching of Semiconductor Structures," issued to Bachrach et al. and
assigned to Applied Materials, Inc., which is hereby incorporated by reference to the
extent not inconsistent with the disclosure herein. Optionally, before patterning the
features on the full size substrate, a PV cell wiring scheme is designed virtually for a
number of PV cells to be processed on the full size substrate. Virtual design of the
wiring scheme directs how these PV cells can be fabricated into a solar panel and
how wiring between PV cells can be used to collect current flowing through the

contact connection of the PV cells to the wiring backplane.

[0028] At step 220, additional layers can be deposited on the substrate. For
example, one or more passivation layer or anti-reflective coating layer can be
deposited on the front and/or back side of the substrate. Various antireflective
coating materials can be used, including various dielectric materials, such as silicon
nitride, titanium oxide, amorphous carbon material, efc., suitable for use in PV cells
exposed to the solar flux. The absorption coefficient of the antireflective coating
materials should be minimized but can vary. In one example, a silicon nitride layer at

a thickness of about 70 nm to about 80 nm can be deposited to the front and back

7
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side of the substrate as well as to the via walls and provide as a barrier layer,
encapsulating layer, and/or antireflective coating. Optionally, additional layers of
anti-reflection coating can be deposit for better index matching, such as a second

front side dielectric antireflective coating layer.

[0029] At step 230, contacts, such as electrodes, contact windows, wiring
channels, among others, are formed on the front and/or back side of the substrate
such that suitable semiconductor contact can be formed by well established
semiconductor processing methods. For example, front and backside contacts can
be formed on substrates for PV cells and various types of vias can be formed to
connect the front and back side contacis together for current collection and
conducting electricity. Alternatively, all back contacts can be used to collect current
and conduct electricity, leaving the front side of the PV cell for light absorption and

improving performance.

[0030] At step 240, current collection wirings can be formed on the front or back
side of the substrate using suitable wiring metallization technique. Silver is
commonly used, but aluminum or copper wiring has cost and performance

advantages and can be readily incorporated into the process described herein.

[0031] As an example, Figure 3 illustrates one exemplary substrate processing of
the invention, including a substrate 300 of the invention designed virtually for
processing into one or more PV cells 310, having one or more vias 302 which pass
the front collected current to the backside of the substrate 300. The virtual design of
the substrate 300 may also include various locations for conductive bonding pads to
be formed on the wiring backplane. The bond pads are used to provide electrical
connection between features, such as the one or more vias 302. In addition, the
substrate 300 having the virtual PV cells 310 also includes one or more contacts or
current collection wirings 304 for each of the virtual PV cell 310 located on the front
side or back side of the substrate 300 such that the current collection wirings 304
are designed virtually before each of the PV cells 310 are formed. In addition, each

PV cell 310 may be virtually designed into one or more sub-cells 306. The substrate
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300 consists of virtually PV cells 310 and sub-cells 306 such that when each PV cell

310 is actually formed, they are optimized to generate maximum power.

[0032] In the example of Figure 3, the substrate 300 may have a size of about
400 mm x 500 mm to include total of twenty virtual PV cells, each having a size of
about 100 mm x 100 mm. As another example, the substrate 300 may have a size of
about 200 mm x 200 mm to include total of four virtual PV cells, each having a size
of about 100 mm x 100 mm. As still another example, the substrate 300 may have a
size of about 600 mm x 600 mm to include total of sixteen virtual PV cells, each
having a size of about 150 mm x 150 mm. One embodiment of the invention
provides patterning of the one or more vias 302 on the substrate 300 which has
been scaled-up to a larger size for accommodating two or more PV cells 310 and

sub-cells 306 before each of the PV cells 310 are formed.

[0033] Referring back to Figure 2, at step 250, additional metallization and film
deposition required for different types PV cell is performed, depending on different
applications used for laboratorial or industrial uses. Various types of PV cells may be
desired to manufacture into a solar panel, including, thin film silicon cell, Passivated
Emitter Rear Locally diffused (PERL) cell, Passivated Emitter Rear Totally diffused
(PERT) cell, Zone-Melting Recrystallization (ZMR) cell, Surface Texture and
enhanced Absorption with a back Reflector (STAR) cell, among others. For
example, in some cases, metallization processing on the back side of the substrate
may be optionally performed to deposit high reflectivity materials. Then, the

substrate is ready to be manufactured into a solar module or panel.

[0034] At step 260, one or more substrates that have been processed by one or
more steps of the invention as described above may be arranged on a wiring
backplane for fabricating into a solar module/panel, such as by tiling up one or a
number of the substrates of the invention on the wiring plane. The wiring plane can
be any of the insulating wiring back planes suitable for PV module manufacturing,
such as a metal foil or a thick metal film on a plastic film with suitable insulating and
barrier properties. In general, silicon sheets of various scaled-up sizes can be tiled

together into solar panel and solar module of various sizes. For example, solar

(3
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module of 1200 mm x 2000 mm in size can be formed by tiling up twelve (12) silicon
substrates of 400 mm x 500 mm in size onto a wiring plane; alternatively, sixty (60)
silicon substrates of 200 mm x 200 mm in size can be tiled together. Each silicon
substrate may include desired numbers of PV cells and sub-cells which are

designed virtually first.

[0035] In addition, the wiring backplane may include appropriate conductor
patterns thereon for conducting current between PV cells with minimal resistivity
loss. The backplane conductor patterns are designed to match with the virtual
design of the wiring scheme for the substrate of the invention and individual PV cell.
Forming or patterning a layer of a metal conductor on the wiring backplane creates
the needed wiring. The wiring pattern reflects the needed connections for each of
the final PV cell. The wiring conductor patterns include any of the suitable series-
parallel organization/interconnection, depending on the design and intended use of

the final solar panel to achieve ‘[he| specified operative voltage and current.

[0036] One example is shown in Figure 4, which illustrates arranging one or more
substrates 300 that have been processed according to embodiments of the invention
on one side of a wiring plane 400 such that the PV cells 310 on each substrate 300
can be fabricated later. The PV cells 310 are virtually shown on one substrate 300 in
Figure 4, since individual PV cell 310 is not formed on the substrate at this stage yet.
The one or more substrates 300 may be arranged to align with and match the
conductor patterns located on the front side and/or back side of the wiring plane
400, according to embodiments of the invention. For example, the back side of the
wiring plane 400 can be wired/interconnected for current collection, as illustrated in

Figure 5.

[0037] In Figure 5, the conductor patterns may include, for example, a plurality of
metal tabs 510 and bus bars 540, fabricated on the wiring plane 400 before, after or
at the same when the substrates 300 are arranged on the wiring plane 400. In
addition, one exemplary wiring scheme of the invention may include the conductor
patterns of the wiring plane 400 having one or more negative output leads 520 and

one or more positive output leads 530, fabricated on the wiring plane 400. As shown

10
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in Figure 5, the locations of a number of the output leads on the edges of the wiring
panel 400 are optimized, for example, more than one set of voltage outputs can be
used in a single panel. The overall scheme allows for various scalable sizes and
numbers of PV cells to be formed on a single PV panel to lower wiring resistance
and provide various current outputs, preferably larger current output. The locations
of the plurality of PV cells, sub-cells on each of the one or more substrates have to
be aligned with the conductor patters and matched to minimize wiring resistance and

optimize output voltage.

[0038] Referring back to Figure 2, at step 270, the one or more substrates, such
as the large-size silicon sheets of the invention, can be bonded onto the wiring
backplane to form into a solar module assembly. In addition, electrical connection
between the wiring plane and features of PV cells are formed. For example, bond
pads located on the silicon sheets/substrates for vias and features of the PV cells

may be used for bonding to the wiring plane.

[0039] Bonding of the one or more substrates to the wiring plane can be
performed by suitable techniques, including, not limited to, soldering with or without
lead (Pb), epoxy, thermal annealing, ultrasonic annealing, among others, well known
in semiconductor packaging. At step 280, the solar panel assembly can be bonded
to additional protective films for adding mechanical strength and stability. One
exemplary protective film is DuPont™ Tedlar® PVF (poly-vinyl fluoride). Protective
films can be bonded to the back side of the wiring backplane to protect the
conductor patterns and electrical output leads thereon from environmental corrosion

or other damages while lightening the overall structure.

[0040] At step 290, individual PV cells on the solar panel assembly are separated
or isolated without cutting the wiring plane. One aspect of the invention provides
isolation of PV cells after they are bonded to a wiring plane, allowing any desirable
scale-up for the manufacturing process of PV cells to greatly cut down the cost of

manufacturing and cell assembly.

[0041] In an alternative embodiment of the invention, which provides a flexible

approach when a smaller solar panel size is desired for some applications, the solar

11
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panel can be fabricated in large size to cut down the cost for manufacturing and the
wiring plane can be cut into desired dimensions for further wiring and fabrication into

PV modules of various desired sizes.

[0042] After each PV cell is isolated on the solar panel assembly, the output
leads can further be properly connected for testing and one or more solar grade
adhesives can be used to bond the solar panel assembly to appropriate solar grade
cover glass for mechanical support. For example, ethylene vinyl acetate (EVA)
adhesive can be used to tie the solar panel assembly to suitable solar panel support,
such as glass, for sunlight to go through. In addition, the edge of the solar panel
assembly may need to be sealed properly for easy installation of the solar panel
assembly and environmental protection. Furthermore, one key embodiment of this
invention provides large electric current handling capability of the interconnected
wiring backplane because of the scale-up manufacturing of a large number of PV
cells on the wiring backplane. In another embodiment, when the current collection
wiring is located on the back side of the wiring backplane, eliminating the need for
thick front surface conductors or front contacts, the approach allows the front
surface active aperture to be optimized for maximum solar light collection. Various
features of the invention, including the separation of the large silicon sheets into air
isolated PV cells, the overall solar panel assembly separated into appropriate sized
PV cells, and back side wiring/conductor pattern for current collection, among
others, ensure desired operating voltage and output current to be achieved with
minimal resistive loss of power by wiring patterns or current conducting patterns
used. Further, one advantage of the invention is that scaling-up PV cells
rﬁanufacturing on silicon substrates is compatible with automated PV module/panel
manufacturing can to provide a more convenient and effective way for handling

large-volume production.

[0043] In operation, an exemplary scalable PV cell and solar panel manufacturing
scheme may include large silicon sheets of 400 mm x 500 mm that can be
processed into about 20 photovoltaic cells using front-side current collection and
back-side contacts and wiring. The silicon sheets are packaged into solar panels by

tiling and bonding these large silicon sheets onto an interconnection backplane by

12



WO 2006/101741 PCT/US2006/008269

low resistivity bonding and connection techniques as described above. The
Interconnection backplane provides the series parallel wiring pattern aligned with a

isolation pattern of the silicon sheet for a number of PV cells and the back contacts
for fabricating the PV cells.

[0044] One example of tilling a number of PV cells on a large size substrate is
described in U.S. Pat. No. 6,818,529, entitled "Apparatus and Method for Forming a
Silicon Film across the Surface of a Glass Substrate," issued to Bachrach et al. and
assigned to Applied Materials, Inc., which is hereby incorporated by reference to the
extent not inconsistent with the disclosure herein. In addition, Tables I-IV below list
exemplary tiling of various sizes of silicon sheets containing large number of PV

cells for manufacturing solar panels and their resulting output powers (in Watts).

[0045] Table |. Solar panel tiling examples using silicon sheets of various
scalable sizes and their resulting output powers (in Watts).

Forced Area | Wisq meter=|150

feet : mm Meters
I {x| w lsqji]l | x| w sq || watts
1.0 201 2.0 3048 | x| 6086 |0.19|] 27.87
1.3ix] 1.8} 2.2 400.0 | x| 500.0 { 0.20 30.00
20ixi 2.0 4.0 609.6 | x| 6096 | 0.37 55.74
2.0 [x| 4.0 | 8.0 || 609.6 |x [1219.2]0.74][111.48
3.0 x| 3.0]9.0|] 8144 | x| 914.4 | 0.84 | | 125.42
2.0x1 6,0 |12.0]] 609.6 | x11828.8{1.1111167.23
3.0 ix] 4.0 [12.0]] 9144 I x[1219.2] 1.11 || 167.23
3.9 |x| 3.3 |12.9]| 1200.0| x | 1000.0] 1.20 | | 180.00
2.0 |x| 8.0 |16.0]| 609.6 | x | 2438.4] 1.40 | | 222,97
3.0 x| 8.01{24.0]] 9144 | x12438.4) 2.23]1334.45
4.0 ix] 8.0 [32.01{1219.21x 124384 2.97 | 1445.83

[0046] Table II. Solar module tiling examples of various sizes using silicon sheets

of 150 mm x 150 mm and their resulting output powers (in

13



WO 2006/101741

PCT/US2006/008269

Watts).

Module Cell Tiling Module Integral Tiling - |

Size | 150 |mm feet ' mm Meters
| w | # |area I x| w sq || 1 Ix] w sq wafts
2 | 418018 1098]x[197] 194 || 300.0 [x| 600 [0.18 || 27.00
2 | 316|014 10.98]|x(1.48] 1.45 300.0 |x{ 450 | 0,14 20.25
4 4 116 0.36 1.97 ix|1.97] 3.88 600.0 |x| 600 | 0.36 || 54.00
4 | 8 1321072 1197 |x|3.94] 7.75 600.0 |x|1200{ 0.72 || 108.00
6 | 6 136081 ]295]|x|2.95] 872 000.0 |x| 900 | 0.81 || 121.50

4 112 1481108 [1.97 [x|5.91] 11.63| | 600.0 |x| 18001 1.08 || 162.00
6 8 | 48] 1.08 2.95 |x]3.94] 11,63 900.0 |x] 1200| 1.08 162.00
8 1.6 48108 {394 x(2.95]11.63| | 1200.0 |x| 900 | 1.08 || 162.00
4 | 16 164|144 | 1 1.97|x|7.87] 1550 ] | 600.0 |x| 2400 | 1.44 216.00}
6 | 16 196216 | |2.95|x|7,87] 23.25] | 900.0 [x| 2400] 2.16 || 324.00|
8 | 16 [128]2.88 | | 3.94|x|7.87|31.00! | 1200.0 |x| 2400 2.88 432.00|

[0047] Table Ill. Solar module tiling examples of various sizes using silicon

sheets of 200 mm x 200 mm and their resulting output powers (in Watts).

Module Cell Tiling Module Integral Tiling |
200 |mm feet mm Meters

I W | # | area Foix] w sq | Xl w sq watts
1 1.3 131012 (066][x][197] 129 200.0 |x| 600 | 0.12 18.00|
2 | 2 141016 | 131 [x[1.31] 1.727[ | 400.0 |x| 400 | 0.16 24.00]
3 [ 3 191036 1.97]x[1.97{ 388 || 600.0 |x] 500 | 0.3 54.00|
3 | 6 118|072} 11.97x|3.94] 7.75 | | 600.0 |x| 1200 0.72 108,00}
4 | 4 118064 |262|x[2.62] 689 || 800.0 |x| 800 | 0.64 96.00|
3 19 {27)108] 197 [x]591] 11563] | 600.0 |x| 1800 1.08 162.00
4 1 6 124)096 | |262]|x|3.94| 10.33] | 800.0 |x| 1200| 0.956 || 144.00
6 | 5 [30]1.20] | 3.94x|3.28] 12.92 [ 1200.0 [x]| 1000 4 20 180.00
3 |1 12 136|144 [1.97 [x]7.87]15.50| | 600.0 |x| 2400 1.44 || 216.00
4 | 12 1481192 | 2.62|x|7.87] 2067 | | €00.0 |x| 2400] 192 288.00
6 112 72) 288 | 3.94|x|787] 31.00] | 1200.0 |x| 2400 | 2.88 || 43200

[0048] Table IV. Solar module tiling examples of various sizes using silicon

sheets of 400 mm x 500 mm and their resulting output powers (in Watts)

14
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Module Cell Tiling Module Integral Tiling -] |

400 | 500 {mm feet - mm Meters
] w | # | area I ix] w 1t l X w sq || watts
1 1 1 10.20 1.31{x|1.64| 2.15 400.0 x| 500 { 0.20 30.00
1 2 2 | 0.40 1.31 1x13.28] 4.31 400.0 ix] 1000] 0.40 60,00
2 1 2 1040 ] | 262 [x{1.64] 4.31 800.0 {x| 500 | 0.40 60.00
1 3 {3 ]060 1.31[x]4.92] 646 400.0 [x] 1500 0.60 90.00
2 2 4 {080 2.621x13.281 8.61 800.0 {xj 10004 0.80 {| 120.00
3 2 |6 1120/ 13.941x/328] 12.92 | | 1200.0 |x| 1000} 1.20 || 180.00
2 | 4 181160 [262]x|656]17.22| ] 800.0 x| 2000] 1.60 240.00|
3 | 4 | 12]240] [3.94x|6.56] 25.83 | | 1200.0 [x]| 2000 2.40 || 360.00]

[0049] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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Claims:

1. A method for fabricating a solar panel assembly, comprising:
bonding one or more substrates onto a wiring plane to form the solar module
assembly, each substrate for manufacturing a plurality of photovoltaic cells; and
separating each of the individual photovoltaic cell on the solar module

assembly.

2. The method of claim 1, wherein the bonding comprises electrically bonding

between the wiring plane and bond pads located on the one or more substrates.

3. The method of claim 2, wherein the electrical bonding step between the
wiring plane and the bond pads is performed by a technique selected from the group
consisting of soldering with lead (Pb), soldering without lead (Pb), epoxy, thermal

annealing, ultrasonic annealing, and combinations thereof.

4, The method of claim 1, wherein the bonding comprises bonding of protective

film to the back side of the wiring plane.

5. The method of claim 1, wherein the wiring backplane comprises conductor
patterns, and bonding the one or more substrates onto the wiring plane further
comprises arranging the one or more substrate on the wiring plane to align the one

or more substrate with the conductor patterns.
6. The method of claim 5, wherein arranging the one or more substrate further
comprises a plurality of virtual photovoltaic cells pre-assigned for each of the one or

more substrate.

7. The method of claim 1, further comprising forming a plurality of contacts on

front and back sides of the one or more substrates.

16
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8. The method of claim 1, further comprising forming a plurality of contacts on

the back side of the one or more substrates.

9. The method of claim 1, further comprising forming current collection metal

wiring on the one or more substrates.

10.  The method of claim 1, further comprising patterning a plurality of features on

the one or more substrates.

11. The method of claim 10, wherein the plurality of features is patterned by a
technique selected from the group consisting of dry etch, wet etch, laser drilling,

chemical mechanical jet etch, and combinations thereof.
12.  The method of claim 1, wherein the wiring plane is made of a material
selected from the group consisting of metal foil, metal thick film, and combinations

thereof

13.  The method of claim 1, wherein each of the individual photovoltaic cell on the

solar module assembly is separated without cutting the wiring plane.

14.  The method of claim 1, further comprising bonding the solar module

assembly with one or more protection films.

15. The method of claim 14, wherein the protection film comprises Tedlar.

16.  The method of claim 1, further comprising bonding the solar module
assembly with one or more adhesive layers and covering the solar module assembly

with solar grade cover glass.

17. The method of claim 1, wherein the adhesive layers comprises ethylene vinyl
acetate (EVA).

17
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18. A solar module assembly, comprising:

a wiring plane having one or more substrates bonded thereon; and

a plurality of photovoltaic cells on each of the one or more substrates,
wherein the one or more substrates are bonded onto the wiring plane prior to the

plurality of the photovoltaic cells are separated and isolated on each substrate.

19.  The solar module assembly of claim 18, further comprises:
conductor patterns on the wiring plane for conducting current between the

plurality of photovoltaic cells.

20.  The solar module assembly of claim 19, wherein the one or more substrates
are arranged on the wiring plane to align the conductor patterns for the plurality of

photovoltaic cells on the one or more substrates.

21.  The solar module assembly of claim 18, further comprises:

a plurality of contacts formed on the one or more substrates.

22. A method for fabricating a solar module assembly, comprising: '

bonding one or more substrates onto a wiring plane comprising conductor
patterns, each substrate for manufacturing a plurality of photovoltaic cells;

arranging the one or more substrates on the wiring plane to align the one or
more substrates with the conductor patterns for the plurality of photovoltaic cells to
form the solar module assembly; and

separating each of the individual photovoltaic cell on the solar module
assembly.

23.  The method of claim 22, wherein arranging the one or more substrate further
comprises a plurality of virtual photovoltaic cells pre-assigned for each of the one or

more substrate.

24.  The method of claim 22, further comprising forming a plurality of contacts on

the one or more substrates.

18
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25. A method for fabricating a solar module assembly, comprising:

patterning a plurality of features on one or more substrates;

forming a plurality of contacts on the one or more substrates;

forming current collection metal wiring on the one or more substrates;

bonding the one or more substrates onto a wiring plane to form the solar
module assembly, each substrate for manufacturing a plurality of photovoltaic cells;
and

separating each of the individual photovoltaic cell on the solar module

assembly.

26. The method of claim 25, further comprising forming a plurality of contacts on

the one or more substrates.

27. The method of claim 25, further comprising bonding the solar module

assembly with one or more protection films.
28. The method of claim 25, further comprising bonding the solar module

assembly with one or more adhesive layers and covering the solar module assembly

with solar grade cover glass.
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