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(57) ABSTRACT

The invention discloses an apparatus for enhancing light
absorption of solar cells and photodetectors by diffraction.
The invention comprises the structure as the plurality of nano-
level well-arranged arrays with a plurality of certain defect
areas including the shapes of rod, tapered-cone, and cone,
which diffracts incident light to oblique angles for light trap-
ping. Surface reflection can also be reduced for either broad-
band or narrow band spectral absorption. The increased con-
tact area between the transparent conducting layer and
photoactive layer is beneficial for current extraction, which
increases the internal quantum efficiency (IQE).
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Figure 1B
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Figure 3B
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SOLAR CELL APPARATUS HAVING THE
TRANSPARENT CONDUCTING LAYER WITH
THE STRUCTURE AS A PLURALITY OF
NANO-LEVEL WELL-ARRANGED ARRAYS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a solar cell apparatus, par-
ticularly to a solar cell apparatus having the transparent con-
ducting layer with the structure as a plurality of nano-level
well-arranged arrays.

[0003] 2. Description of the Prior Art

[0004] After the financial tsunami of 2008, a lot of global
countries realize that it is necessary to develop the green
energy industry, in order to become the important response of
future national development and the promoting goal of indus-
try. Therefore, the green energy industry has already become
the global main motive source of economic development, and
even become the prior industry developed by every advanced
country at present. Taiwan also promotes the green energy
industry in a more cost-effective manner at present, particu-
larly regards the solar energy industry as the main green
energy industry for the development in the future.

[0005] The polysilicon solar cell is the main product of
solar energy industry at present. However, the polysilicon
material is very expensive, it is difficulty to make large-area
product, thus it is unfavorable to be used in industry. In
addition, its current conversion efficiency is very low, thus
present academic research and industry turn to more research
and development and use of thin film solar cell. The main
consideration is to make the material with the larger area and
bigger efficiency quickly. However, due to the thin film solar
cell is too thin, the optical absorption path become too short,
the efficiency of thin film solar cell produced by present
technique is generally not high. Thus, there is a great
improvement space for the research and development.
[0006] In the U.S. Pat. No. 6,750,393, the three-dimen-
sional photonic crystal is made at the back of solar cell, in
order to obtain the effect of light trapping. However, its design
and manufacturing is very difficult. When the photonic crys-
tal is placed inside the solar cell, the photonic current is apt to
be trapped inside, thus as to reduce the cell efficiency instead.
[0007] TheU.S. Pat. No. 7,482,532 providing the textured
distributed Bragg reflector (DBR) is made at the back of solar
cell, in order to obtain the effect of light trapping and high
reflection rate. Its purpose is to substitute the metal reflection
layer. However, this DBR structure is unable to provide the
anti-reflection effect actually. Moreover, this DBR structure
includes an insulation layer, thus it is apt to increase the
resistance value instead.

[0008] In the prior art of the U.S. Pat. No. 6,858,462, the
etching periodic structure of silicon substrate surface is used.
Although the light trapping effect can be achieved, the surface
defect is apt to be produced because of etching process. The
electron and electric hole are extremely easy to be trapped
onto the surface, so that the current is unable to be extracted
effectively, and the cell efficiency will be reduced.

[0009] Therefore, in order to produce better solar cell, and
offer better solar cell production technology to the industry, it
is necessary to develop innovative solar cell production pro-
cess technology, so as to improve the cell efficiency of solar
cell, and reduce the manufacturing cost of solar cell.

SUMMARY OF THE INVENTION

[0010] Theinvention relates to a solar cell apparatus having
the transparent conducting layer with the structure as a plu-
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rality of nano-level well-arranged arrays with a plurality of
certain defect areas, wherein the plurality of nano-level well-
arranged arrays is a periodic or a quasi-periodic. The inven-
tion comprises a transparent substrate. A transparent conduct-
ing electrode is formed on the transparent substrate, and a
photoactive layer is formed on the transparent conducting
electrode. The transparent conducting electrode has the struc-
ture as a plurality of nano-level well-arranged arrays with a
plurality of certain defect areas, wherein the plurality of nano-
level well-arranged arrays is a periodic or a quasi-periodic,
including the types of rod-shaped, trapezium-shaped, cone-
shaped, tapered-cone-shaped, and nipple-shaped and so on.
[0011] The invention can solve the problem that due to the
thickness of thin film solar cell and photodetector is too thin,
thus the effective absorption length is unable to be provided.
[0012] The invention uses the structure as a plurality of
nano-level well-arranged arrays, wherein the plurality of
nano-level well-arranged arrays is a periodic or a quasi-peri-
odic with a plurality of certain defect areas, to trap the light in
the limited thickness of thin film solar cell, and increase the
contact area of photoactive layer and electrode.

[0013] The nano-structure of the invention can provide the
anti-reflection effect, and increase the photons entering into
the photoactive layer.

[0014] The invention uses the transparent conducting elec-
trode to form the nano-structure, thus the electron-hole pair
generated from the photoactive layer is easier to be collected
by the electrode, and finally can increase the internal quantum
efficiency.

[0015] The invention can increase the contact area of solar
cell material and transparent conducting electrode, and the
electrical current can be extracted more efficiently due to the
increase for the contact area of electrode and photoactive
layer.

[0016] The invention can be used in the photonic crystal of
large-area process, and use the light trapping feature and
anti-reflection effect of photonic crystal to various thin film
solar cells and photodetectors, in order to increase the photon
absorption rate and reach higher photovoltaic conversion effi-
ciency.

[0017] Therefore, the advantage and spirit of the invention
can be understood further by the following detail description
of invention and attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0019] FIG. 1A s a graph illustrating the first embodiment
of the invention.

[0020] FIG. 1B is a graph illustrating the structure of trans-
parent conducting electrode for the first embodiment of the
invention.

[0021] FIG. 2A is a graph illustrating the second embodi-
ment of the invention.

[0022] FIG.2Bis a graph illustrating the structure of trans-
parent conducting electrode for the second embodiment of
the invention.

[0023] FIG.3A isa graph illustrating the third embodiment
of the invention.

[0024] FIG. 3B s a graph illustrating the structure of trans-
parent conducting electrode for the third embodiment of the
invention.

[0025] FIG. 4A is a graph illustrating the fourth embodi-
ment of the invention.
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[0026] FIG. 4B isa graph illustrating the structure of trans-
parent conducting electrode for the fourth embodiment of the
invention.

[0027] FIG.5A is a graph illustrating the fifth embodiment
of the invention.

[0028] FIG. 5B isa graph illustrating the structure of trans-
parent conducting electrode for the fifth embodiment of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0029] Theinvention relates to a solar cell apparatus having
the transparent conducting layer with the structure as a plu-
rality of nano-level well-arranged arrays with a plurality of
certain defect areas, wherein the plurality of nano-level well-
arranged arrays is a periodic or a quasi-periodic. The first
embodiment is shownin FIG. 1A. A transparent substrate 101
is provided at first. The glass or sapphire is selected as the
transparent substrate 101.

[0030] AsshowninFIG. 1A, the chemical vapor deposition
(CVD) is used to form a transparent conducting electrode
(TCO) 102 on the transparent substrate 101. The material of
transparent conducting electrode 102 includes the indium tin
oxide (ITO) and aluminum zinc oxide (AZ0O), which has the
conduction and light penetration property. The polystyrene
spheres colloidal lithography and physical or chemical etch-
ing method are used to form the rod-shaped photonic crystal
or quasi-photonic crystal on the transparent conducting elec-
trode 102.

[0031] As shown in FIG. 1A again, the chemical vapor
deposition (CVD) is used to form a photoactive layer 103 on
the transparent conducting electrode 102. The photoactive
layer 103 is mainly a material which can form the electron and
electric hole, including solar cell material. The crystalline
silicon and amorphous silicon can be formed on the transpar-
ent conducting electrode 102 by the chemical vapor deposi-
tion.

[0032] FIG. 1B is a graph illustrating the rod-shaped pho-
tonic crystal or quasi-photonic crystal on the transparent con-
ducting electrode 102, which has symmetrical arrangement
and asymmetrical arrangement, thus it has the shape of cyclic
arrangement.

[0033] The second embodiment of the invention is shown
in FIG. 2A. A transparent substrate 201 is provided at first.
The glass or sapphire is selected as the transparent substrate
201.

[0034] As showninFIG. 2A, the chemical vapor deposition
is used to form a transparent conducting electrode 202 on the
transparent substrate 201. The material of transparent con-
ducting electrode 202 includes the indium tin oxide (ITO) and
aluminum zinc oxide (AZ0O), which has the conduction and
light penetration property. The polystyrene spheres colloidal
lithography and physical or chemical etching method are
used to form the trapezium-shaped photonic crystal or quasi-
photonic crystal on the transparent conducting electrode 202.

[0035] As shown in FIG. 2A again, the chemical vapor
deposition is used to form a photoactive layer 203 on the
transparent conducting electrode 202. The photoactive layer
203 is mainly a material which can form the electron and
electric hole, including solar cell material. The crystalline
silicon and amorphous silicon can be formed on the transpar-
ent conducting electrode 202 by the chemical vapor deposi-
tion.

[0036] FIG. 2B is a graph illustrating the trapezium-shaped
photonic crystal or quasi-photonic crystal on the transparent
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conducting electrode 202, which has symmetrical arrange-
ment and asymmetrical arrangement, thus it has the shape of
cyclic arrangement.

[0037] The third embodiment of the invention is shown in
FIG. 3A. A transparent substrate 301 is provided at first. The
glass or sapphire is selected as the transparent substrate 301.
[0038] AsshowninFIG.3A,the chemical vapordeposition
is used to form a transparent conducting electrode 303 on the
transparent substrate 301. The material of transparent con-
ducting electrode 303 includes the indium tin oxide (ITO)and
aluminum zinc oxide (AZO), which has the conduction and
light penetration property. The polystyrene spheres colloidal
lithography and physical or chemical etching method are
used to form the cone-shaped photonic crystal or quasi-pho-
tonic crystal on the transparent conducting electrode 303.
[0039] As shown in FIG. 3A again, the chemical vapor
deposition is used to form a photoactive layer 303 on the
transparent conducting electrode 303. The photoactive layer
303 is mainly a material which can form the electron and
electric hole, including solar cell material. The crystalline
silicon and amorphous silicon can be formed on the transpar-
ent conducting electrode 303 by the chemical vapor deposi-
tion.

[0040] FIG. 3B is a graph illustrating the cone-shaped pho-
tonic crystal or quasi-photonic crystal on the transparent con-
ducting electrode 303, which has symmetrical arrangement
and asymmetrical arrangement, thus it has the shape of cyclic
arrangement.

[0041] The fourth embodiment of the invention is shown in
FIG. 4A. A transparent substrate 401 is provided at first. The
glass or sapphire is selected as the transparent substrate 401.
[0042] AsshowninFIG. 4A,the chemical vapor deposition
is used to form a transparent conducting electrode 404 on the
transparent substrate 401. The material of transparent con-
ducting electrode 404 includes the indium tin oxide (ITO)and
aluminum zinc oxide (AZO), which has the conduction and
light penetration property. The polystyrene spheres colloidal
lithography and physical or chemical etching method are
used to form the tapered-shaped photonic crystal or quasi-
photonic crystal on the transparent conducting electrode 404.
[0043] As shown in FIG. 4A again, the chemical vapor
deposition is used to form a photoactive layer 403 on the
transparent conducting electrode 404. The photoactive layer
403 is mainly a material which can form the electron and
electric hole, including solar cell material. The crystalline
silicon and amorphous silicon can be formed on the transpar-
ent conducting electrode 404 by the chemical vapor deposi-
tion.

[0044] FIG. 4B is a graph illustrating the tapered-shaped
photonic crystal or quasi-photonic crystal on the transparent
conducting electrode 404, which has symmetrical arrange-
ment and asymmetrical arrangement, thus it has the shape of
cyclic arrangement.

[0045] The fifth embodiment of the invention is shown in
FIG. 5A. A transparent substrate 501 is provided at first. The
glass or sapphire is selected as the transparent substrate 501.
[0046] As showninFIG.5A, the chemical vapor deposition
is used to form a transparent conducting electrode 505 on the
transparent substrate 501. The material of transparent con-
ducting electrode 505 includes the indium tin oxide (ITO)and
aluminum zinc oxide (AZ0), which has the conduction and
light penetration property. The polystyrene spheres colloidal
lithography and physical or chemical etching method are
used to form the nipple-shaped photonic crystal or quasi-
photonic crystal on the transparent conducting electrode 505.
[0047] As shown in FIG. 5A again, the chemical vapor
deposition is used to form a photoactive layer 503 on the
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transparent conducting electrode 505. The photoactive layer
503 is mainly a material which can form the electron and
electric hole, including solar cell material. The crystalline
silicon and amorphous silicon can be formed on the transpar-
ent conducting electrode 505 by the chemical vapor deposi-
tion.

[0048] FIG. 5B is a graph illustrating the nipple-shaped
photonic crystal or quasi-photonic crystal on the transparent
conducting electrode 505, which has symmetrical arrange-
ment and asymmetrical arrangement, thus it has the shape of
cyclic arrangement.

[0049] The invention makes the photonic crystal or quasi-
photonic crystal with cyclic structure on the transparent con-
ducting electrode of solar cell, in order to produce the light
diffraction and the light scattering. The incident light can
diffract and scatter in the solar cell, increase the light path and
increase its absorption, and obtain the light trapping effect in
the photoactive layer. This structure has the anti-reflection
effect on the surface, which causes the increase of incident
light. The invention uses the transparent conducting electrode
1o form the structure as the plurality of nano-level well-ar-
ranged arrays with a plurality of certain defect areas, wherein
the plurality of nano-level well-arranged arrays is a periodic
oraquasi-periodic, thus the electron-hole pair generated from
the photoactive layer is easier to be collected by the electrode.
The invention can increase the contact area of electrode and
photoactive layer, and the electrical current can be extracted
more efficiently and the internal quantum efficiency can be
increased effectively. Summarized from the above-men-
tioned description, the invention can be applied to and
designed in various solar cell materials and photodetectors, in
order to increase the absorption efficiency of solar light.
[0050] The invention uses the nano-level well-arranged
arrays to trap the light in the limited thickness of thin film
solar cell, and increase the contact area of photoactive layer
and electrode. The invention can solve the problem that due to
the thickness of thin film solar cell and photodetector is too
thin, thus the effective absorption length is unable to be pro-
vided.

[0051] Itisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:

1. A solar cell apparatus, comprising:

a transparent conducting electrode being formed on a

transparent substrate and a photoactive layer.

2. The apparatus according to claim 1, wherein the trans-
parent conducting electrode comprises a structure as a plu-
rality of nano-level well-arranged arrays with a plurality of
certain defect areas.

3. The apparatus according to claim 2, wherein the plurality
of nano-level well-arranged arrays is selected from the group
consisting of periodic and quasi-periodic.
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4. The apparatus according to claim 1, wherein the trans-
parent conducting electrode is selected from the group con-
sisting of indium tin oxide (ITO) and aluminum zinc oxide
(A70).

5. The apparatus according to claim 1, the transparent
substrate is selected from the group consisting ofa plurality of
types of rod-shaped, trapezium-shaped, cone-shaped,
tapered-cone-shaped, and nipple-shaped.

6. The apparatus according to claim 1, wherein the photo-
active layer is selected from the group consisting of crystal-
line silicon and amorphous silicon.

7. A solar cell apparatus having the transparent conducting
layer with a structure as a plurality of nano-level well-ar-
ranged arrays with a plurality of certain defect areas, com-
prising:

a transparent substrate;

a transparent conducting electrode with a structure as a
plurality of nano-level well-arranged arrays with a plu-
rality of certain defect areas, being formed on the trans-
parent substrate; and

a photoactive layer being formed on the transparent con-
ducting electrode.

8. The apparatus according to claim 7, wherein the trans-
parent substrate is selected from the group consisting of glass
and sapphire.

9. The apparatus according to claim 8, the glass or sapphire
is selected from the group consisting of a plurality of types of
rod-shaped, trapezium-shaped, cone-shaped, tapered-cone-
shaped, and nipple-shaped.

10. The apparatus according to claim 7, wherein the plu-
rality of nano-level well-arranged arrays with a plurality of
certain defect areas is selected from the group consisting of
periodic and quasi-periodic.

11. The apparatus according to claim 7, wherein the trans-
parent conducting electrode is selected from the group con-
sisting of indium tin oxide (ITO) and aluminum zinc oxide
(AZ0).

12. The apparatus according to claim 7, wherein the trans-
parent conducting electrode is formed by a chemical vapor
deposition method, a polystyrene spheres colloidal lithogra-
phy method, and an etching method.

13. The apparatus according to claim 7, wherein the trans-
parent conducting electrode comprises a photonic crystal.

14. The apparatus according to claim 13, wherein the pho-
tonic crystal further comprises a quasi-photonic crystal.

15. The apparatus according to claim 14, wherein the
quasi-photonic crystal has a symmetrical arrangement and an
asymmetrical arrangement, and has a shape of cyclic arrange-
ment.

16. The apparatus according to claim 13, wherein the pho-
tonic crystal has symmetrical and asymmetrical arrangement,
and has the shape of cyclic arrangement.

17. The apparatus according to claim 7, wherein the pho-
toactive layer is selected from the group consisting of crys-
talline silicon and amorphous silicon.
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