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Description

Title of Invention: SOLAR CELL APPARATUS AND METHOD

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

OF FABRICATING THE SAME
Technical Field

The embodiment relates to a solar cell apparatus and a method of fabricating the
same.
Background Art

Recently, as energy consumption is increased, a solar cell has been developed to
convert solar energy into electrical energy.

In particular, a CIGS-based solar cell, which is a PN hetero junction apparatus having
a substrate structure including a glass substrate, a metallic back electrode layer, a P
type CIGS-based light absorbing layer, a high resistance buffer layer, and an N type

window layer, has been extensively used.
Disclosure of Invention
Technical Problem

The embodiment provides a solar cell apparatus which can represent improved pho-

toelectric conversion efficiency and is applicable to windows and doors.

Solution to Problem

According to the embodiment, there is provided a solar cell apparatus including a
substrate, a first electrode layer on the substrate, a plurality of light absorbing columns
on the first electrode layer, and a second electrode layer on the light absorbing
columns.

According to the embodiment, there is provided a method of fabricating a solar cell
apparatus. The method includes forming a first electrode layer on a substrate, forming
a plurality of light absorbing columns on the first electrode layer, forming a transparent
insulating layer between the light absorbing columns, and forming a second electrode

layer on the transparent insulating layer and the light absorbing columns.

Advantageous Effects of Invention

As described above, the solar cell apparatus of the embodiment includes a plurality
of the light absorbing columns. The light absorbing columns are spaced apart from
each other. In particular, the light absorbing columns are too small to be recognized
through the visual sense of a person.

Therefore, the solar cell apparatus according to the embodiment can transmit a part
of incident light throughout the whole region thereof. In addition, the solar cell

apparatus according to the embodiment can absorb light throughout the whole region



WO 2012/165849 PCT/KR2012/004249

[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

thereof by the light absorbing columns to convert the light into electrical energy.
Therefore, the solar cell apparatus according to the embodiment can be used as

windows or doors of a building. In this case, images such as external landscape can be
transmitted throughout the whole solar cell apparatus of the embodiment. In addition,
the solar cell apparatus according to the embodiment can generate solar power
throughout the whole region thereof.

Therefore, the solar cell apparatus according to the embodiment does not have an ad-
ditional pattern formed by a transmission region and a non-transmission region.
Therefore, the solar cell apparatus of the embodiment may have an improved external
appearance.

Brief Description of Drawings

FIG. 1 is a sectional view showing a solar cell apparatus according to a first em-
bodiment;

FIG. 2 is a perspective view showing a light absorbing columns;

FIGS. 3 to 9 are sectional views showing a method of fabricating the solar cell
apparatus according to the first embodiment;

FIG. 10 is a sectional view showing a solar cell apparatus according to a second em-
bodiment;

FIGS. 11 and 12 are sectional views showing a method of fabricating the solar cell
apparatus according to the second embodiment;

FIG. 13 is a sectional view showing a solar cell apparatus according to a third em-
bodiment;

FIGS. 14 and 15 are sectional views showing a method of fabricating the solar cell
apparatus according to the third embodiment;

FIG. 16 is a sectional view showing a solar cell apparatus according to a fourth em-
bodiment; and

FIGS. 17 to 19 are sectional views showing a method of fabricating the solar cell
apparatus according to the fourth embodiment.

Mode for the Invention

In the description of the embodiments, it will be understood that, when a substrate, a
layer, a film, a region, or an electrode is referred to as being "on" or "under" another
substrate, another layer, another film, another region, or another electrode, it can be
"directly" or "indirectly" on the other substrate, the other layer, the other film, the other
region, or the other electrode, or one or more intervening layers may also be present.
Such a position of each element has been described with reference to the drawings.
The thickness and size of each element shown in the drawings may be exaggerated,

omitted or schematically drawn for the purpose of convenience or clarity. In addition,
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the size of elements does not utterly reflect an actual size.

FIG. 1 is a sectional view showing a solar cell apparatus according to a first em-
bodiment, and FIG. 2 is a perspective view showing a light absorbing columns.

Referring to FIGS. 1 and 2, the solar cell apparatus according to the first embodiment
includes a support substrate 100, a first electrode layer 200, a plurality of light
absorbing columns 300, a transparent insulating layer 600, and a second electrode layer
700.

The support substrate 100 has a plate shape and supports the first electrode layer 200,
the plurality of light absorbing columns 300, and the second electrode layer 700. The
support substrate 100 may include an insulator. The support substrate 100 may include
a glass substrate, a plastic substrate, or a metallic substrate. In more detail, the support
substrate 100 may include a soda lime glass substrate. The support substrate 100 may
be transparent or may be rigid or flexible.

The first electrode layer 200 is provided on the support substrate 100. The first
electrode layer 200 may be formed on the whole top surface of the support substrate
100. The first electrode layer 200 includes a conductive layer 201. In addition, the first
electrode layer 200 may be transparent. The first electrode layer 200 may include
indium tin oxide or indium zinc oxide. In addition, the first electrode layer 200 may
have a thickness of about 0.5um to about 1.5um.

The light absorbing columns 300 are provided on the first electrode layer 200. The
light absorbing columns 300 are electrically connected to the first electrode layer 200.
In more detail, the light absorbing columns 300 may directly make contact with the
first electrode layer 200.

In addition, a plurality of conductive layers 201 may be interposed between the light
absorbing columns 300 and the first electrode layer 200. The conductive layers 201
may include molybdenum (Mo). The conductive layers 201 have the same plane shape
as that of the light absorbing columns 300, and may be arranged corresponding to the
light absorbing columns 300, respectively. In this case, the first electrode layer 200 and
the light absorbing columns 300 may directly make contact with the conductive layers
201. Therefore, the first light absorbing columns 300 may be connected to the first
electrode layer 200 through the conductive layers 201.

As shown in FIG. 2, the light absorbing columns 300 extend from the first electrode
layer 200 to the second electrode layer 700. The light absorbing columns 300 may
vertically extend from the first electrode layer 200 to the second electrode layer 700. In
addition, the light absorbing columns 300 may extend from the first electrode layer 200
to the second electrode 700 while being inclined with respect to the first electrode layer
200.

The light absorbing columns 300 extend in one direction. For example, the light
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absorbing columns 300 may have a column shape. In addition, the light absorbing
columns 300 may have a wire shape.

The light absorbing columns 300 has a diameter R in the range of about 10nm to
about 100um. In more detail, the diameter R of the light absorbing columns 300 may be
in the range of about 100nm to about 10xm. The diameter R of the light absorbing
columns 300 may be varied according to the total transmittance and an interval D
between the light absorbing columns 300.

The light absorbing columns 300 are spaced apart from each other. The interval D
between the light absorbing columns 300 may be in the range of about 100nm to about
100xm. In more detail, the interval D between the light absorbing columns 300 may be
in the range of about 200nm to about 104m. The interval D between the light absorbing
columns 300 may be varied according to the diameter R and the total transmittance of
the light absorbing columns 300.

A height H of the light absorbing columns 300 may be in the range of about 0.5um to
about 1.5um.

The light absorbing columns 300 are opaque. The light absorbing columns 300
absorb the sunlight that is incident. The light absorbing columns 300 may include a P
type compound semiconductor. In more detail, the light absorbing columns 300 may
include a group I-III-VI compound semiconductor. For example, the light absorbing
columns 300 may have a Cu(In,Ga)Se, (CIGS) crystal structure, a Cu(In)Se, crystal
structure, or a Cu(Ga)Se, crystal structure. The light absorbing columns 300 may have
an energy bandgap in the range of about 1eV to about 1.8eV.

A plurality of buffer layers 400 and a plurality of high resistance buffer layers 500
may be provided on the light absorbing columns 300.

The buffer layers 400 are provided on the light absorbing columns 300. The buffer
layers 400 directly make contact with the light absorbing columns 300. The buffer
layers 400 have a plane shape corresponding to the light absorbing columns 300, re-
spectively. The buffer layers 400 may be provided corresponding to the light absorbing
columns 300, respectively. The buffer layers 400 may include CdS. The buffer layers
400 may have the energy bandgap in the range of about 1.9eV to about 2.3eV. In
addition, the buffer layers 400 may have a thickness in the range of about 30nm to
about 70nm.

The high resistance buffer layers 500 are provided on the buffer layers 400. The high
resistance buffer layers 500 directly make contact with the buffer layers 400. The high
resistance buffer layers 500 have a plane shape corresponding to the buffer layers 400,
respectively. The high resistance buffer layers 500 may be provided corresponding to
the buffer layers 400, respectively. The high resistance buffer layers 500 may include

1ZnO which is zinc oxide not doped with impurities. The high resistance buffer layers
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500 may have an energy bandgap in the range of about 3.1eV to about 3.3eV. The high
resistance buffer layers 500 may have a thickness in the range of about 50nm to about
100nm.

The transparent insulating layer 600 is provided between the light absorbing columns
300. The transparent insulating layer 600 is provided on the first electrode layer 200.
The transparent insulating layer 600 surrounds the light absorbing columns 300. In
more detail, the transparent insulating layer 600 may make contact with the lateral side
of the light absorbing columns 300.

In addition, the transparent insulating layer 600 may surround the conductive layers
201. In addition, the transparent insulating layer 600 may surround the buffer layers
400 and the high resistance buffer layers 500.

The transparent insulating layer 600 is transparent and is an insulator. The
transparent insulating layer 600 may include transparent polymer such as acrylic-based
resin or epoxy-based resin. The transparent insulating layer 600 may include photo-
curable resin.

In addition, the top surface of the transparent insulating layer 600 may be arranged in
line with the top surface of the high resistance buffer layers 500, or may be arranged
lower than the top surface of the high resistance buffer layers 500. Accordingly, the top
surface of the high resistance buffer layers 500 is exposed from the transparent in-
sulating layer 600.

In addition, the top surface of the transparent insulating layer 600 may be provided
lower than the top surface of the light absorbing columns 300. Therefore, the light
absorbing columns 300 may protrude from the top surface of the transparent insulating
layer 600.

The second electrode layer 700 is provided over the light absorbing columns 300. In
more detail, the second electrode layer 700 is provided on the high resistance buffer
layers 500. In addition, the second electrode layer 700 is provided on the transparent
insulating layer 600. The second electrode layer 700 may cover the entire portion of
the light absorbing columns 300.

The second electrode layer 700 is connected to the light absorbing columns 300. In
more detail, the second electrode layer 700 may be connected to the light absorbing
columns 300 through the high resistance buffer layers 500 and the buffer layers 400. In
other words, the second electrode layer 700 may directly make contact with the high
resistance buffer layers 500.

If the high resistance buffer layers 500 protrude from the transparent insulating layer
600, the high resistance buffer layers 500 may be inserted into the second electrode
layer 700. In addition, if the buffer layers 400 protrude from the transparent insulating
layer 600, the buffer layers 400 may be inserted into the second electrode layer 700.
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In addition, if the light absorbing columns 300 protrude from the transparent in-
sulating layer 600, the light absorbing columns 300 may be inserted into the second
electrode layer 700. In this case, the second electrode layer 700 is provided on the light
absorbing columns 300 and the lateral side of the light absorbing columns 300.
Therefore, the second electrode layer 700 may directly make contact with the lateral
side of the light absorbing columns 300.

The second electrode layer 700 is transparent. In addition, the second electrode layer
700 is the conductive layer 201. The second electrode layer 700 may include Al doped
zinc oxide (AZQO), indium tin oxide (ITO), or indium zinc oxide (IZO). The thickness
of the second electrode layer 700 may be in the range of about 1xm to about 1.5um.

The diameter of the light absorbing columns 300 may be too small to be recognized
by the visible sense of a person. In addition, the first and second electrode layers 200
and 700 are transparent, so that light can pass through a remaining region except for
the light absorbing columns 300.

Therefore, according to the solar cell apparatus of the embodiment, the light may be
transmitted throughout the whole region thereof. In addition, the solar cell apparatus of
the embodiment may absorb light throughout the whole region thereof to convert the
light into electrical energy.

Therefore, the solar cell apparatus according to the embodiment may be applicable to
the windows or the doors of a building. In this case, images such as external landscape
can be transmitted throughout the whole solar cell apparatus of the embodiment. In
addition, the solar cell apparatus according to the embodiment can generate solar
power throughout the whole region.

Therefore, the solar cell apparatus according to the embodiment does not have a
pattern formed by a transmission region and a non-transmission region. Therefore, the
solar cell apparatus of the embodiment may have an improved external appearance.

FIGS. 3 to 9 are sectional views showing the method of fabricating the solar cell
apparatus according to the first embodiment. Hereinafter, the method of fabricating the
solar cell apparatus will be described by making reference to the above description of
the solar cell apparatus. The above description of the solar cell apparatus will be in-
corporated in the description of the present fabricating method.

Referring to FIG. 3, the first electrode layer 200 is formed on the support substrate
100. The first electrode layer 200 may be formed by depositing transparent conductive
material such as indium tin oxide, or indium zinc oxide on the support substrate 100
through a sputtering process.

Referring to FIG. 4, a mask layer 10 is formed on the first electrode layer 200. The
mask layer 10 may be formed through an imprinting process or a photolithography

process. The mask layer 10 may be formed therein with a plurality of through holes 11
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to expose the top surface of the first electrode layer 200. The diameter of the through
holes 11 and the interval between the through holes 11 may be varied according to the
diameter of the light absorbing columns 300 to be formed and the interval between the
light absorbing columns 300.

Referring to FIG. 5, a metal such as molybdenum is deposited on the mask layer 10
and in the through holes 11. Therefore, the conductive layers 201 are formed in the
through holes 11.

Thereafter, the light absorbing columns 300 are formed in the through holes 11, re-
spectively. The light absorbing columns 300 may be formed through a sputtering
process or an evaporation scheme.

In detail, the light absorbing columns 300 may be formed through various schemes
such as a scheme of forming a Cu(In,Ga)Se2 (CIGS) based light absorbing columns
300 by simultaneously or separately evaporating Cu, In, Ga, and Se and a scheme of
performing a selenization process after a metallic precursor layer has been formed.

Regarding the details of the selenization process after the formation of the metallic
precursor layer, the metallic precursor layer is formed on the back electrode layer 200
through a sputtering process employing a Cu target, an In target, or a Ga target.

Thereafter, the metallic precursor layer is subject to the selenization process so that
the metallic precursor layer is converted into the Cu (In, Ga) Se2 (CIGS) based
compound semiconductor.

In addition, the sputtering process employing the Cu target, the In target, and the Ga
target and the selenization process may be simultaneously performed.

Further, a CIS or a CIG based compound semiconductor may be formed through the
sputtering process employing only Cu and In targets or only Cu and Ga targets and the
selenization process.

Therefore, the light absorbing columns 300 are formed by depositing a group I-111-VI
compound semiconductor in the through holes 11.

Thereafter, the buffer layers 400 are formed on the light absorbing columns 300. The
buffer layers 400 may be formed through a chemical bath deposition (CBD). For
example, after forming the light absorbing columns 300, the light absorbing columns
300 and the mask layer 10 are immersed in a solution including materials to form CdS,
so that the buffer layers 400 including the CdS are formed on the light absorbing
columns 300.

hereafter, the high resistance buffer layers 500 are formed on the buffer layers 400.
The high resistance buffer layers 500 may be formed through a sputtering process
employing an iZnQO target which is not doped with impurities. In other words, the high
resistance buffer layers 500 may be formed in the through holes 11, respectively, by

depositing zinc oxide on the mask layer 10 and in the through holes 11.
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Thereafter, the mask layer 10 is removed. When the mask layer 10 is removed, the
metal, the group I-1II-VI-based compound semiconductor, CdS, and zinc oxide
deposited on the mask layer 10 may be automatically removed.

Referring to FIG. 7, a resin composition is coated on the first electrode layer 200.
The resin composition may cover the light absorbing columns 300. The resin com-
position may be coated on the first electrode layer 200 through a spin coating scheme,
a spray coating scheme, or a slit coating scheme. The resin composition may include
thermosetting resin and/or photo-curable resin.

Thereafter, the coated resin composition may be cured by light and/or heat. Ac-
cordingly, a preliminary transparent insulating layer 601 is formed on the first
electrode layer 200. The preliminary transparent insulating layer 601 may cover the
light absorbing columns 300. In more detail, the preliminary transparent insulating
layer 601 may cover the high resistance buffer layers 500. Therefore, the top surface of
the high resistance buffer layers 500 may be provided in the preliminary transparent in-
sulating layer 601.

Referring to FIG. 8, the transparent insulating layer 600 is formed by etching a part
of the preliminary transparent insulating layer 601. Therefore, the top surface of the
high resistance buffer layers 500 may be exposed from the transparent insulating layer
600. The buffer layers 400 and the light absorbing columns 300 may be exposed from
the transparent insulating layer 600 according to the etching degree of the preliminary
transparent insulating layer 601.

Different from FIGS. 7 and 8, the resin composition may be coated on the first
electrode layer 200 in such a manner that the top surface of the high resistance buffer
layers 500 is exposed. In this case, the etching process shown in FIG. § is not required.

Referring to FIG. 9, the second electrode layer 700 is formed by depositing
transparent conductive material on the transparent insulating layer 600 and the high re-
sistance buffer layers 500. For example, the second electrode layer 700 may be formed
by depositing transparent conductive material such as Al doped zinc oxide (AZO),
indium tin oxide (ITO), or indium zinc oxide (IZO).

As described above, the solar cell apparatus can be easily fabricated while rep-
resenting the transmission region throughout the whole region of the solar cell
apparatus and improved photoelectric conversion efficiency.

FIG. 10 is a sectional view showing a solar cell apparatus according to a second em-
bodiment, and FIGS. 11 and 12 are sectional views showing a method of fabricating
the solar cell apparatus according to the second embodiment. FIG. 13 is a sectional
view showing a solar cell apparatus according to a third embodiment, and FIGS. 14
and 15 are sectional views showing a method of fabricating the solar cell apparatus

according to the third embodiment. Hereinafter, the second and third embodiments will
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be described by making reference to the above description of the solar cell apparatus
and the method of fabricating the same. The above description of the solar cell
apparatus and the method of fabricating the same will be incorporated in the de-
scription of the second and third embodiments except for essential parts.

Referring to FIG. 10, a buffer layer 401 is provided on the transparent insulating
layer 600 and the light absorbing columns 300. In more detail, the buffer layer 401
covers the transparent insulating layer 600 and the light absorbing columns 300. In
other words, the buffer layer 401 is formed on the top surface of the transparent in-
sulating layer 600. In more detail, the buffer layer 401 is coated on the top surface of
the transparent insulating layer 600 and the top surface of the light absorbing columns
300.

The solar cell apparatus according to the present embodiment may be fabricated
through the following process.

Referring to FIG. 11, after forming the light absorbing columns 300, the transparent
insulating layer 600 is formed. In other words, after forming the light absorbing
columns 300 by the mask layer, the mask layer is removed, and the transparent in-
sulating layer 600 is directly formed.

The buffer layer 401 and the high resistance buffer layer 501 are sequentially formed
on the transparent insulating layer 600 and the light absorbing columns 300 through a
deposition process.

Referring to FIG. 12, the second electrode layer 700 is formed by depositing the
transparent conductive material on the high resistance buffer layer 501.

As described above, the buffer layer 401 and the high resistance buffer layer 501
may be formed on the entire portion of the transparent insulating layer 600 and the
light absorbing columns 300.

Referring to FIG. 13, the buffer layers 400 are provided on the light absorbing
columns, respectively. In addition, the high resistance buffer layer 501 is provided on
the transparent insulating layer 600 and the buffer layers 400. In other words, the high
resistance buffer layer 501 is directly provided on the top surface of the transparent in-
sulating layer 600 to cover the buffer layers 400.

The solar cell apparatus according to the present embodiment may be fabricated
through the following process.

Referring to FIG. 14, after forming the light absorbing columns 300 and the buffer
layers 400, the transparent insulating layer 600 is formed. In other words, after forming
the light absorbing columns 300 and the buffer layers 400 by the mask layer 10, the
mask layer 10 is instantly removed. Thereafter, the transparent insulating layer 600 is
formed.

Next, the high resistance buffer layer 501 is formed on the transparent insulating
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layer 600 and the buffer layers 400 through a deposition process.

Referring to FIG. 15, the second electrode layer 700 is formed by depositing the
transparent conductive material on the high resistance buffer layer 501.

As described above, the high resistance buffer layer 501 may be formed throughout
the entire portion of the transparent insulating layer 600 and the buffer layers 400.

FIG. 16 is a sectional view showing a solar cell apparatus according to a fourth em-
bodiment, and FIGS. 17 to 19 are sectional views showing a method of fabricating the
solar cell apparatus according to the fourth embodiment. Hereinafter, the present em-
bodiment will be described by making reference to the above description of the solar
cell apparatus and the method of fabricating the same. The above description of the
solar cell apparatus and the method of fabricating the same will be incorporated in the
description of the present embodiment except for essential parts.

Referring to FIG. 16, light absorbing columns 800 may include silicon. In more
detail, the entire portion of the light absorbing columns 800 may include silicon. In
other words, the light absorbing columns 800 may have a silicon-based P-N junction
structure or a silicon-based P-1-N junction structure. The light absorbing columns 800
include a first conductive part 810, a second conductive part 820, and a third
conductive part 830.

The first conductive part 810 is provided on the first electrode layer 200. The first
conductive part 810 may be directly connected to the first electrode layer 200, or may
be connected to the first electrode layer 200 through the conductive layers 201. The
first conductive part 810 has a first conductive type. For example, the first conductive
part 810 may have a P type conductive type. In more detail, the first conductive part
810 may be doped with P type impurities. For example, the first conductive part 8§10
may include silicon doped with P type impurities. The P type impurities may include
aluminum (Al), gallium (Ga), or indium (In)

The second conductive part 820 is provided on the first conductive part 810. The
second conductive part 820 may be integrally formed with the first conductive part
810. The second conductive part 820 may have an I type conductive type. In other
words, the second conductive part 820 may be not doped with impurities. For example,
the second conductive part 820 may include silicon that is not doped with impurities.

The third conductive part 830 is provided over the first conductive part 810. In
addition, the third conductive part 830 is provided on the second conductive part 820.
The third conductive part 830 may directly make contact with the second conductive
part 820. The third conductive part 830 has a second conductive type. For example, the
third conductive part 830 may have an N type conductive type. In more detail, the third
conductive part 830 may be doped with N type impurities. For example, the third
conductive part 830 may include silicon doped with N type impurities. The N type im-
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purities may include phosphorus (P), nitrogen (N), or arsenic (As).

[88] In addition, the light absorbing columns 800 are connected to the second electrode
layer 700. In more detail, the light absorbing columns 800 may be directly connected
to the second electrode layer 700. The top surface of the light absorbing columns 800
may directly make contact with the second electrode layer 700. In more detail, the third
conductive part 830 may be directly connected to the second electrode layer 700.

[89] The solar cell apparatus according to the present embodiment will be fabricated

through the following process.

[90] Referring to FIG. 17, the first electrode layer 200 is formed on the support substrate
100.

[91] Thereafter, a mask layer including a plurality of through holes is formed on the first
electrode layer 200.

[92] Silicon doped with P type impurities, silicon that is not doped with impurities, and

silicon doped with N type impurities may be sequentially deposited on the top surface
of the mask layer 10 and inside the through holes.

[93] In addition, after depositing aluminum (Al) on the top surface of the mask layer and
in the through holes, silicon doped with P type impurities may be deposited.

[94] Referring to FIG. 18, after removing the mask layer, the transparent insulating layer
600 is formed between the light absorbing columns 800. Thereafter, the second
electrode layer 700 is formed by depositing transparent conductive material on the
transparent insulating layer 600 and the light absorbing columns 800.

[95] As described above, the solar cell apparatus according to the present embodiment can
transmit light throughout the whole region thereof by using the silicon-based light

absorbing columns 800.

[96] Any reference in this specification to "one embodiment," "an embodiment" "example
embodiment," etc., means that a particular feature, structure, or characteristic described
in connection with the embodiment is included in at least one embodiment of the
invention. The appearances of such phrases in various places in the specification are
not necessarily all referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with any embodiment, it
is submitted that it is within the purview of one skilled in the art to effect such feature,
structure, or characteristic in connection with other ones of the embodiments.

[97] Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-

rangements of the subject combination arrangement within the scope of the disclosure,
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the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.
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Claims

A solar cell apparatus comprising:

a substrate;

a first electrode layer on the substrate;

a plurality of light absorbing columns on the first electrode layer; and
a second electrode layer on the light absorbing columns.

The solar cell apparatus of claim 1, further comprising a plurality of
buffer layers interposed between the light absorbing columns and the
second electrode layer, respectively.

The solar cell apparatus of claim 2, further comprising a plurality of
high resistance buffer layers interposed between the buffer layers and
the second electrode layer.

The solar cell apparatus of claim 3, wherein the high resistance buffer
layers are inserted into the second electrode layer.

The solar cell apparatus of claim 1, wherein the first and second
electrode layers are transparent.

The solar cell apparatus of claim 1, wherein the first and second
electrode layers include one selected from the group consisting of al
doped zinc oxide (AZO), indium tin oxide (ITO), and indium zinc
oxide (IZ0O).

The solar cell apparatus of claim 1, wherein the light absorbing
columns are spaced apart from each other.

The solar cell apparatus of claim 1, further comprising a transparent in-
sulating layer interposed between the light absorbing columns.

The solar cell apparatus of claim 8, wherein the transparent insulating
layer includes polymer.

The solar cell apparatus of claim 8, wherein the transparent insulating
layer surrounds the light absorbing columns.

The solar cell apparatus of claim 8, wherein the light absorbing
columns protrude from a top surface of the transparent insulating layer.
The solar cell apparatus of claim 8, further comprising a buffer layer to
cover a top surface of the transparent insulating layer and the light
absorbing columns, wherein the buffer layer is interposed between the
light absorbing columns and the second electrode layer.

The solar cell apparatus of claim 8, further comprising a high resistance
buffer layer to cover a top surface of the transparent insulating layer

and the buffer layer, wherein the high resistance buffer layer is in-
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terposed between the buffer layer and the second electrode layer.

The solar cell apparatus of claim 1, wherein the light absorbing
columns comprise:

a first conductive part having a first conductive type on the first
electrode layer; and

a second conductive part having a second conductive type on the first
conductive part.

The solar cell apparatus of claim 14, wherein the first conductive part
includes silicon doped with P type impurities, and the second
conductive part includes silicon doped with N type impurities.

A method of fabricating a solar cell apparatus, the method comprising:
forming a first electrode layer on a substrate;

forming a plurality of light absorbing columns on the first electrode
layer;

forming a transparent insulating layer between the light absorbing
columns; and

forming a second electrode layer on the transparent insulating layer and
the light absorbing columns.

The method of claim 16, wherein the forming of the transparent in-
sulating layer comprises:

coating resin composition between the light absorbing columns and on
the first electrode layer; and

curing the resin composition.

The method of claim 16, wherein the forming of the transparent in-
sulating layer comprises etching a part of a preliminary transparent in-
sulating layer formed by curing a coated resin composition.

The method of claim 16, wherein, in the etching of the part of the pre-
liminary transparent insulating layer, an upper portion of the light
absorbing columns is exposed.

The method of claim 16, wherein the forming of the light absorbing
columns comprises:

forming a mask layer including a plurality of through holes on the first
electrode layer;

forming the light absorbing columns in the through holes; and

removing the mask layer.
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[Fig. 5]
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[Fig. 13]
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[Fig. 18]
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