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fracture strength of the solar substrate is enhanced for endur-
ing a high tension.
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1
SOLAR SUBSTRATE WITH HIGH FRACTURE
STRENGTH

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Taiwan Application
Serial Number 100104420, filed Feb. 10, 2011, which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a solar substrate. More
particularly, the present invention relates to a solar substrate
with high fracture strength.

2. Description of the Prior Art

Generally, silicon wafers are used as substrates for solar
cells in prior art. However, the silicon wafers are brittle mate-
rials so that the silicon wafers are fractured easily by external
forces in a manufacturing process. Besides for the solar cells,
the silicon wafers are usually used for manufacturing semi-
conductor devices. Additionally, because the demand of the
semiconductor devices increases, the demand of silicon mate-
rial increases correspondingly. Thus, how to avoid the waste
of the silicon material (fractured by the external forces) or
increase yield of the manufacturing process becomes an
important issue. Take the solar cells for example, if the solar
cells comprise the substrates with high fracture strength, the
possibility of fracturing will be decreased.

Please refer to FIG. 1A and FIG. 1B. FIG. 1A and FIG. 1B
illustrate images taken in a process of testing a silicon wafer
with high fracture strength in the prior art. The silicon wafers
are made by single-crystal silicon substrates. When the sili-
con wafers are forced by a stress, the stress will concentrate
on the local area of the silicon wafers. If the stress is increased
gradually, cracks will be produced at the local area of the
silicon wafers and the crack propagation becomes obvious.
Finally, the silicon wafers are fractured into several pieces (as
shown in FIG. 1B).

In prior art, if the silicon wafers are forced by the stress, the
stress will concentrate on the local area of the silicon wafers.
Ifthe stress can be distributed averagely, the fracture strength
of the silicon wafers will be enhanced. To sum up, it is an
important issue to develop a solar substrate for solving the
said problem.

SUMMARY OF THE INVENTION

Accordingly, a scope of the invention is to provide a solar
substrate with high fracture strength. According to an
embodiment of the invention, the solar substrate with high
fracture strength comprises an upper surface, a plurality of
first protrusions and a plurality of first recess regions. The
plurality of first protrusions are formed on the upper surface.
Each of the plurality of first recess regions is formed on the
surrounding of the plurality of first protrusions, such that the
deflection required to crack the solar substrate by bending
being increased, for about 30%~50%, in comparison with the
solar substrate without the plurality of first protrusions and
first recess regions formed thereon. Due to the first protru-
sions and the first recess regions, the fracture strength of the
solar substrate is increased or enhanced so as to endure a high
tension. Additionally, the upper surface is under tension. Fur-
thermore, the solar substrate may be an amorphous substrate,
a single-crystal substrate or a polycrystalline substrate. The
single-crystal substrate can also be a single-crystal silicon
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substrate. The first protrusions can be a plurality of nano
pillars or a plurality of nano needles. Wherein, the top dis-
tances of the neighbor nano pillars or the nano needles range
from about 10 nm to 100 nm.

Furthermore, the solar substrate may also made of glass,
silicon, germanium, carbon, aluminum, gallium nitride, gal-
lium arsenide, gallium phosphide, aluminum nitride, sap-
phire, spinel, aluminum oxide, silicon carbide, zinc oxide,
magnesium oxide, lithium aluminum dioxide or lithium gal-
lium dioxide.

According to another embodiment of the invention, the
solar substrate with high fracture strength further comprises a
lower surface, under compression. The lower surface has a
plurality of second protrusion and a plurality of second recess
regions formed thereon, each of the plurality of second recess
regions being formed on the surrounding of the plurality of
second protrusions.

Meanwhile, the solar substrate may be a p-type semicon-
ductor layer having an n-type semiconductor layer formed
thereon. Furthermore, the solar substrate may also has a first
micro structure layer formed between the upper surface and
the plurality of first protrusions and a second micro structure
layer may be formed between the lower surface and the plu-
rality of second protrusion.

Moreover, the present invention also teaches a method for
increasing the fracture strength of a solar substrate, compris-
ing the steps of preparing a solar substrate, the solar substrate
having a upper surface and a lower surface, the upper surface
being under tension and the lower surface being under depres-
sion; forming a plurality of first protrusions on the upper
surface of the solar substrate; and forming a plurality of first
recess regions on the upper surface of the solar substrate, each
of the plurality of first recess regions being formed on the
surrounding of the plurality of first protrusions.

To sum up, the invention is to provide the solar substrate
with high fracture strength. Due to the first protrusions and
first recess regions, the solar substrate can endure a greater
stress applied thereto and increase the fracture strength to
avoid fracturing in subsequent process.

BRIEF DESCRIPTION OF THE APPENDED
DRAWINGS

FIG.1A and FIG. 1B illustrate images taken in a process of
testing a silicon wafer with high fracture strength in the prior
art.

FIG. 2A illustrates a cross sectional view of a solar sub-
strate according to an embodiment of the invention.

FIG. 2B illustrates a cross sectional view of a solar sub-
strate according to another embodiment of the invention.

FIG. 2C illustrates a cross sectional view of a solar sub-
strate according to another embodiment of the invention.

FIG. 2D illustrates a cross sectional view of a solar sub-
strate according to another embodiment of the invention.

FIG. 3 illustrates an exterior image of first protrusions of a
solar substrate according to the invention.

FIG.4A and FIG. 4B illustrate images taken in a process of
testing a solar substrate with high fracture strength according
to the invention.

FIG. 5A and FIG. 5B illustrate test data produced in a
process of testing a solar substrate with high fracture strength
according to the invention.

FIG. 6A illustrates a cross sectional view of a solar sub-
strate when bending according to the invention.
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FIG. 6B illustrates real data about maximum stresses can
be endured by protrusion of solar substrates according to the
invention.

DETAILED DESCRIPTION OF THE INVENTION

Please refer to FIG. 2A. FIG. 2A illustrates a cross sec-
tional view of a solar substrate according to an embodiment of
the invention. As shown in FIG. 2A, a solar substrate 1 com-
prises an upper surface 10a, a plurality of first protrusions 102
and a plurality of first recess regions 104. Wherein, each first
protrusion pattern 102 is formed on the upper surface 10a, the
first protrusions 102 are surrounded by each first recess region
104. Each element will be explained in detail as follows.

The solar substrate 1 may be an amorphous substrate, a
single-crystal substrate or a polycrystalline substrate. In prac-
tice, the solar substrate 1 s=is usually formed by a silicon
based semiconductor substrate, such as an amorphous silicon
substrate, a single-crystal silicon substrate or a polycrystal-
line silicon substrate. However, the substrate of the solar
substrate 1 can be, but not limited to a silicon substrate. For
example, the invention of the solar substrate 1 can be, but not
limited to be, manufactured by glass (SiO2), silicon (Si),
germanium (Ge), carbon (C), aluminum (Al), gallium nitride
(GaN), gallium arsenide (GaAs), gallium phosphide (GaP),
aluminum nitride (AIN), sapphire, spinel, aluminum oxide
(A1203), silicon carbide (SiC), zinc oxide (ZnO), magnesium
oxide (MgO), lithium aluminum dioxide (LiAlO2) or lithium
gallium dioxide (LLiGaO2). Additionally, the solar substrate 1
can be a p-type semiconductor layer having an n-type semi-
conductor layer formed thereon so as to form a solar cell.

Additionally, in the present embodiment, the upper surface
10a can be defined as a tension bearing surface of the solar
substrate 1 or the surface of the solar substrate 1 which is
under tension. More specifically, while a force is applied on a
lateral surface of the solar substrate 1, the tension bearing
surface deforms outward. Meanwhile, the surface of the solar
substrate 1 which is opposite to the tension bearing surface is
under compression and deforms inward correspondingly. In
the present embodiment, the surface under compression is
defined as the lower surface. In practice, because of the said
unique structures formed on the solar substrate 1, the fracture
strength of the solar cell manufactured thereby can be
enhanced or increased significantly. It worth a mention that in
another embodiment, the upper surface 10a of the solar sub-
strate can also be defined as any other surface of the solar
substrate 1 which is capable of increasing the fracture
strength thereof by forming the said structures thereon.

Please referto FIG. 2B. FIG. 2B illustrates a cross sectional
view of a solar substrate according to another embodiment of
the invention. As shown in FIG. 2B, the solar substrate 1
further has a lower surface 104, a plurality of second protru-
sion 122 and a plurality of second recess regions 124. The
plurality of second protrusion 122 are surrounded by each
second recess region 124. More specifically, each of the plu-
rality of second recess regions is formed on the surrounding
of the plurality of second protrusions. Again, the lower sur-
face 106 can be defined as the surface of the solar substrate 1
under compression. In practice, the thickness or the height of
the first protrusions 102 and the second protrusions 122 form
on upper surface 10a and lower surface 105 are approxi-
mately the same due to the same manufacturing process
thereof.

From the microscopic structure, the first protrusions 102
further comprise a plurality of nanostructures. The plurality
of nanostructures can enhance the fracture strength of the
solar substrate 1 with the first recess region 104. More spe-

20

25

30

35

40

45

50

55

60

65

4

cifically, each of the plurality of first protrusions 102 or sec-
ond protrusions 122 may further comprises a plurality of
nanostructures formed thereon, by collocating the nanostruc-
tures with the recess regions of the solar substrate 1, the
fracture strength increasing effect thereof can be further
enhanced.

Please refer to FIG. 2A to FIG. 2D. FIG. 2C illustrates a
cross sectional view of a solar substrate according to another
embodiment of the invention. FIG. 2D illustrates a cross
sectional view of a solar substrate according to another
embodiment of the invention. As shown in figures, the first
protrusions 102 can be the plurality of nanostructures. A
plurality of nano needles in FIG. 2A and a plurality of nano
pillars can be formed by the plurality of nanostructures. To be
noticed, the solar substrate 1 comprises the upper surface 10a,
and the plurality of nano pillars 1025 are formed by etching
the upper surface 10a downward in an etching process. The
etching process can be an electrochemical etching process.
Additionally, the plurality of nano needles 1024 or the nano
pillars 1025 can be, but not limited to be formed singly, the
plurality of nano needles 1024 and the nano pillars 10256 can
be formed at the same time.

Furthermore, the plurality of nano needles 102a or nano
pillars 1025 can be connected with each other to form a group
of'nano needles 1024' or nano pillars 1024'. Wherein, the top
distances of the neighbor nano pillars 10256 or the nano
needles 102a range from about 10 nm to 100 nm. The height
of'eachnano needle 102a or each nano pillar 1025 is at micron
scale. An aspect ratio R1 is defined as a ratio of neighbor
distance to height of the nano pillars 1025 or the nano needles
102a. The aspect ratio R1 is determined by etching param-
eters, such as etching time and etching temperature. Accord-
ing to the experiment results, the aspect ratio R1 can be larger
than 1.5. In a preferred embodiment, the aspect ratio R ranges
from 2 to 4.

That is to say, the plurality of nano needles 1024 or nano
pillars 1024 are formed on the upper surface 10a, so that the
materials of the nano needles 102a, nano pillars 10256 and the
solar substrate 1 can be the same. In an embodiment, if the
solar substrate 1 is a single-crystal silicon substrate, the crys-
tallographic orientation of the upper surface 10a can be [100]
or [111]. By forming the plurality of nano needles 102a or
nano pillars 1025, the fracture strength of the solar substrate
1 can be enhanced. To be noticed, if the solar substrate 1 is
formed by different multilayered materials, the nano needles
102a or nano pillars 1025 can be other proper materials for the
solar cells.

Please refer to FIG. 2B and FIG. 2D, the second protrusion
122 of the lower surface 1056 can be a plurality of nanostruc-
tures. The shapes of the plurality of nanostructures can be a
plurality of nano needles (nanotip) 102a in FIG. 2A or the
nano pillars (nanorod) 1025 in FIG. 2D. In comparison with
the nanostructures in FIG. 2A and in FIG. 2C, the embodi-
ment in FIG. 2B and in FIG. 2D can further enhance the
fracture strength about 15% of the solar substrate 1. That is to
say, if both of the upper surface and the lower surface of the
solar substrate 1 has the nanostructures previously described
formed thereon, the solar substrate 1 can endure greater force
or stress. More specifically, the deflection required to crack
the solar substrate by bending is increased in comparison with
the solar substrate without the plurality of first protrusions
102 and first recess regions 104 formed thereon.

Please refer to FIG. 3. FIG. 3 illustrates an exterior image
of first protrusions of a solar substrate according to the inven-
tion. The plurality of first protrusions 102 can be the nano
needles 102a and nano pillars 1025 formed densely on the
upper surface 10a. To be noticed, the nano needles 102a and
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nano pillars 1025 also can be formed regularly or irregularly
on the upper surface 10a. In practice, the nano needles 102a
and nano pillars 1025 a can be formed by the electrochemical
etching process.

Additionally, the invention of the solar substrate 1 can
further comprises a first micro structure layer and a second
micro structure layer (not shown in figures). The first micro
structure layer can be formed between the upper surface 10a
and the plurality of first protrusions 102. The second micro
structure layer is formed between the lower surface 106 and
the plurality of second protrusion 122.

The fracture strength of the solar substrate 1 can be tested
by a three-point bending strength process. Please refer to FIG.
4A and FIG. 4B. FIG. 4A and FIG. 4B illustrate images taken
in a process of testing a solar substrate with high fracture
strength according to the invention. In the process, the solar
substrate is a single-crystal silicon with [100] or [111] crys-
tallographic orientation.

As shown in FIG. 4A and FIG. 4B, if the load exceeds the
limit, the solar substrate cracks or fractures. The phenomenon
indicates that the solar substrate absorbs a lot of energy and
fractures. Just like the comparison between the bulletproof
glass and the general glass, the fracture strength of the solar
substrate in the FIG. 4A and FIG. 4B is better than the in the
FIG. 1A and FIG. 1B.

Please refer to FIG. 5A and FIG. 5B. FIG. 5A and FI1G. 5B
illustrate test data produced in a process of testing a solar
substrate with high fracture strength according to the inven-
tion. The solar substrate is a single-crystal silicon with [100]
or[111] crystallographic orientation. To be noticed, when the
solar substrate load a stress, the fracture always occurs on the
tension bearing surface and extends toward other place. Thus,
the invention tests the fracture strength on the tension bearing
surface.

As shown in FIG. 5A and FIG. 5B, the fracture strength
will be enhanced no matter the crystallographic orientation of
the single-crystal silicon is either [100] or [111]. That is to
say, the fracture strength of the solar substrate in the invention
is actually better than the solar substrate in the prior art with
no protrusions and recess regions formed thereon. Addition-
ally, the Young’s modulus of the two solar substrates is almost
the same. Accordingly, the fracture strength of the solar sub-
strate can be enhanced by forming the nanostructures without
changing the materials.

The structures of the first protrusions 102, second protru-
sions, first recess regions 104 and second recess regions 124
are formed on the upper surface or the lower surface of the
solar substrate 1 so as to enhance that fracture strength
thereof. More specifically, while a stress is applied to the solar
substrate of the present invention, instead of concentrating the
stress in the particular section, the stress shall be distributed
averagely to the recess regions.

For example, a 6 inch 200 pum thick solar substrate of the
prior art cannot be bent without cracking. In the invention, the
solar substrate can be bent and deforms by forming the struc-
tures of the first protrusions 102, second protrusions 122, first
recess regions 104 and second recess regions 124 thereon.
Please refer to FIG. 6A. FIG. 6A illustrates a cross sectional
view of a solar substrate when bending according to the
invention. As shown in FIG. 6A, when the solar substrate
loads an external force, the said structures of the first protru-
sions 102, second protrusions 122, first recess regions 104
and second recess regions 124 can disperse the force so that
the solar substrate may deform without cracking. Addition-
ally, the invention can be integrated with the manufacturing
process of the solar cell and so as to maximize the value of the
solar cell.
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Please refer to FIG. 6B. FIG. 6B illustrates a table of
obtained by actual measured maximum stresses can be
endured by the solar substrates that with or without the pro-
trusion formed thereon. As shown in FIG. 6B, type 1 repre-
sents a single-crystal silicon substrate without the first pro-
trusions 102. Type 2 represents a single-crystal silicon
substrate comprising the first protrusions 102 and the second
protrusion 122 on the tension bearing surface and compres-
sion surface. Type 3 represents a single-crystal silicon sub-
strate comprising the second protrusion 122 on the compres-
sion surface. Type 4 represents a single-crystal silicon
substrate comprising the first protrusions 102 on the tension
bearing surface. According to the FIG. 6B, if the tension
bearing surface comprises the first protrusions 102, greater
stress can be endured by the solar substrate in comparison
with the solar substrate without the protrusions formed
thereon. Accordingly, the adverse influence occurred by the
external stress to the solar substrate can be moderate while the
tension bearing surface and the compression surface of the
solar substrate both has the plurality of first protrusions 102
and second protrusions 122 formed thereon.

To sum up, the invention of the solar substrate with high
fracture strength can endure a greater stress without cracking.
Compared to the prior art, the solar substrate with high frac-
ture strength can endure external force or stress so as to avoid
fracturing. Accordingly, the invention of the solar substrate
can improve the yield rate thereof so as to avoid the unnec-
essary waste of materials.

It worth a mention that the present application claims pri-
ority from Taiwan Patent Application No. 100104420, filed
Feb. 10,2011, the contents of which are hereby incorporated
by reference in their entirety for all purposes.

With the example and explanations above, the features and
spirits of the present invention will be hopefully well
described. Those skilled in the art will readily observe that
numerous modifications and alterations of the device may be
made while retaining the teaching of the invention. Accord-
ingly, the above disclosure should be construed as limited
only by the metes and bounds of the appended claims.

What is claimed is:

1. A solar substrate with high fracture strength, compris-
ing:

an upper surface having a plurality of first protrusions and
aplurality of first recess regions formed thereon, each of
the plurality of first recess regions being formed on a
surrounding of the plurality of first protrusions;

a lower surface having a plurality of second protrusions
and a plurality of second recess regions formed thereon,
each of the plurality of second recess regions being
formed on a surrounding of the plurality of second pro-
trusions;

wherein the plurality of first and second recess regions
have flat surfaces, and

wherein the plurality first recess regions on the upper sur-
face are directly opposite the plurality second recess
regions on the lower surface.

2. The solar substrate of claim 1, wherein the upper surface

is under tension.

3. The solar substrate of claim 1, wherein the solar sub-
strate is an amorphous substrate.

4. The solar substrate of claim 1, wherein the solar sub-
strate is a single-crystal substrate or a polycrystalline sub-
strate.

5. The solar substrate of claim 4, wherein the single-crystal
substrate is a single-crystal silicon substrate.

6. The solar substrate of claim 1, wherein each of the first
protrusions is a nano pillar or a nano needle.
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7. The solar substrate of claim 6, wherein the top distances
of the neighbor nano pillars or the nano needles range from
about 10 nm to 100 nm.

8. The solar substrate of claim 6, wherein the plurality of
nano pillars or the nano needles are manufactured by an
electrochemical etching process.

9. The solar substrate of claim 1, wherein the solar sub-
strate is manufactured by glass, silicon, germanium, carbon,
aluminum, gallium nitride, gallium arsenide, gallium phos-
phide, aluminum nitride, sapphire, spinel, aluminum oxide,
silicon carbide, zinc oxide, magnesium oxide, lithium alumi-
num dioxide or lithium gallium dioxide.

10. The solar substrate of claim 1, wherein the lower sur-
face is under compression.

11. The solar substrate of claim 1, wherein the solar sub-
strate is a p-type semiconductor layer having an n-type semi-
conductor layer formed thereon.

12. A method for increasing the fracture strength of a solar
substrate, comprising the following steps:
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preparing a solar substrate, the solar substrate having an
upper surface and a lower surface, the upper surface
being under tension and the lower surface being under
depression;

forming a plurality of first protrusions on the upper surface
of the solar substrate; and

forming a plurality of first recess regions on the upper
surface of the solar substrate, each of the plurality of first
recess regions being formed on a surrounding of the
plurality of first protrusions;

forming a plurality of second protrusions on the lower
surface of the solar substrate;

forming a plurality of second recess regions on the lower
surface of the solar substrate, each of the plurality of
second recess regions being formed on a surrounding of
the plurality of second protrusions; and

wherein the plurality of first and second recess regions
have flat surfaces, and

wherein the plurality of first recess regions on the upper
surface are directly opposite the plurality of second
recess regions on the lower surface.
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