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(57) Abstract: Disclosed are a solar cell apparatus and a method for manufacturing the same. The solar cell apparatus includes a
substrate; a back electrode layer including molybdenum on the substrate; a light absorbing layer on the back electrode layer; and a
window layer on the light absorbing layer, wherein the back electrode layer includes a first electrode layer on the substrate, a barrier

O layer on the first electrode layer and a second electrode layer on the barrier layer.
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Description

Title of Invention: SOLAR CELL APPARATUS AND METHOD

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

FOR MANUFACTURING THE SAME
Technical Field

The embodiment relates to a solar cell apparatus and a method for manufacturing 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 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.

In addition, in order to manufacture such a solar cell apparatus, a patterning process

must be performed to provide a plurality of cells.
Disclosure of Invention

Technical Problem
The embodiment provides a solar cell apparatus having improved efficiency with

high productivity and a method for manufacturing the same.

Solution to Problem

A solar cell apparatus according to the embodiment includes a substrate; a back
electrode layer including molybdenum on the substrate; a light absorbing layer on the
back electrode layer; and a window layer on the light absorbing layer, wherein the
back electrode layer includes a first electrode layer on the substrate, a barrier layer on
the first electrode layer and a second electrode layer on the barrier layer.

A method for manufacturing the solar cell apparatus according to the embodiment
includes the steps of forming a back electrode layer on a substrate; doping metallic
elements different from materials forming the back electrode on the back electrode;
forming a light absorbing layer on the back electrode layer; and forming a window

layer on the light absorbing layer.
Advantageous Effects of Invention

The solar cell apparatus according to the embodiment can increase the open-circuit
voltage (Voc) and the fill factor (FF), so that the photo-electro conversion efficiency of
the solar cell can be improved.

In addition, since the charge concentration in the light absorbing layer can be
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improved, the thickness of the light absorbing layer can be reduced, so that the loss of
transmitted light can be reduced.
Brief Description of Drawings

FIG. 1 is a sectional view showing a solar cell according to the embodiment; and

FIGS. 2 to 6 are sectional views showing the procedure for manufacturing a solar cell
panel according to the embodiment.

Mode for the Invention

In the description of the embodiments, it will be understood that, when a substrate, a
layer, a film or an electrode is referred to as being on or unnder another substrate,
another layer, another film or another electrode, it can be directly or indirectly on the
other substrate, layer, film or electrode, or one or more intervening layers may also be
present. Such a position of the layer has been described with reference to the drawings.
The thickness and size of each layer shown in the drawings may be exaggerated,
omitted or schematically drawn for the purpose of convenience or clarity. In addition,
the size of elements does not utterly reflect an actual size.

FIG. 1 is a sectional view showing a solar cell according to the embodiment.

Referring to FIG. 1, a solar cell panel includes a support substrate 100, a back
electrode layer 200 having a first electrode layer 210, a barrier layer 220 and a second
electrode layer 230, a light absorbing layer 300, a buffer layer 400, a high-resistance
buffer layer 500, and a window layer 600.

The support substrate 100 has a plate shape and supports the back electrode layer
200, the light absorbing layer 300, the buffer layer 400, the high-resistance buffer layer
500, and the window layer 600.

The support substrate 100 may include an insulating material. The support substrate
100 may be a glass substrate, a plastic substrate or a metal substrate. In detail, the
support substrate 100 may be a soda lime glass.

If the soda lime glass substrate is used as the support substrate, sodium Na contained
in soda lime glass may diffuse into the light absorbing layer 300 including CIGS
material during the manufacturing process for the solar cell. In this case, the charge
concentration in the light absorbing layer 300 may be increased, so that the photo-
electro conversion efficiency of the solar cell can be improved.

However, if the sodium Na is not uniformly distributed over the whole area of the
soda lime glass substrate, each cell may have no uniform photo-electro conversion ef-
ficiency, so the effect to improve the photo-electro conversion efficiency may be di-
minished. Thus, in order to uniformly dope the sodium Na, a barrier layer is formed on
a substrate to block the Na diffusion and a uniform Na layer is additionally formed or

Na ions are directly implanted.
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3

Meanwhile, the support substrate 100 may include a ceramic substrate including
alumina, a stainless steel substrate, or a polymer substrate having flexibility. The
support substrate 100 may be transparent, flexible or rigid.

The back electrode layer 200 is disposed on the support substrate 100. The back
electrode layer 200 is a conductive layer.

The back electrode layer 200 allows migration of charges generated from the light
absorbing layer 300 of the solar cell such that current can flow out of the solar cell. To
this end, the back electrode layer 200 may have high electric conductivity and low
specific resistance.

In addition, since the back electrode layer 200 makes contact with the CIGS
compound forming the light absorbing layer 300, an ohmic contact representing a low
contact resistance value must be formed between the light absorbing layer 300 and the
back electrode layer 200.

Further, the back electrode layer 200 must have the high-temperature stability when
the heat treatment process is performed under the sulfide (S) or selenium (Se) at-
mosphere to form the CIGS compound. In addition, the back electrode layer 200 may
have superior adhesive property with respect to the support substrate 100 in such a
manner that the back electrode layer 200 may not be delaminated from the support
substrate 100 due to difference of the thermal expansion coefficient.

The back electrode layer 200 may include one of Mo, Au, Al, Cr, W and Cu. Among
the above elements, the Mo may satisfy the above properties required for the back
electrode layer 200.

The back electrode layer 200 may include at least two layers. In this case, at least two
layers may be formed by using the same metal or different metals. According to the
embodiment, the back electrode layer 200 includes the first electrode layer 210, the
barrier layer 220 and the second electrode layer 230.

The first electrode layer 210 can be formed by using the Mo and make contact with
the support substrate 100. Among the above elements, the Mo has the thermal
expansion coefficient similar to that of the support substrate 100, so the Mo can be ef-
ficiently bonded to the support substrate 100, so the back electrode layer 200 may not
be delaminated from the support substrate 100.

The barrier layer 220 is formed on the first electrode layer 210. The barrier layer 220
is interposed between the first and second electrode layers 210 and 230 to prevent ions
contained in the second electrode layer 230 from diffusing into the first electrode layer
210 and the support substrate 100.

In addition, the barrier layer 220 may serve as a reflective layer. In detail, the barrier
layer 220 prevents the light incident into the solar cell from being absorbed in the

support substrate 100 and reflects the light toward the light absorbing layer 300,
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thereby improving the efficiency of the solar cell. The reflective layer may include a
material having reflectivity of 50% or above.

The barrier layer 220 may have a thickness in the range of 50nm to 200nm. The
barrier layer 220 may include nitride, such as TiN or TaN.

The second electrode layer 230 is formed on the barrier layer 220. For instance, the
second electrode layer 230 can be formed by using Mo. The second electrode layer 230
can be formed by doping metal ions, for instance, sodium ions.

The sodium ions contained in the second electrode layer 230 may diffuse into the
light absorbing layer 300, so that the charge concentration of the light absorbing layer
300 can be increased, thereby improving the photo-electro conversion efficiency of the
solar cell.

The sodium ions may diffuse into the support substrate 100 and the first electrode
layer 210 as well as the light absorbing layer 300. However, the barrier layer 220
blocks the sodium ions, so the sodium ions can be effectively controlled such that the
charge concentration in the light absorbing layer 300 can be effectively increased.

Thus, the open-circuit voltage Voc and the fill factor can be improved. In addition,
since the charge concentration in the light absorbing layer 300 can be improved, the
loss of the transmitted light can be reduced so that the thickness of the light absorbing
layer 300 can be reduced.

The second electrode layer 230 may have a thickness corresponding to 1% to 3%
based on a total thickness of the back electrode layer 200, and the back electrode layer
200 may have a thickness of about 1xm or less.

The light absorbing layer 300 may include group I-1II-VI compounds. For instance,
the light absorbing layer 300 may include the Cu(In,Ga)Se, (CIGS) crystal structure,
the Cu(In)Se, crystal structure, or the Cu(Ga)Se, crystal structure.

The light absorbing layer 300 may include group I-1II-VI compounds. For instance,
the light absorbing layer 300 may include the Cu(In,Ga)Se, (CIGS) crystal structure,
the Cu(In)Se, crystal structure, or the Cu(Ga)Se, crystal structure.

The light absorbing layer 300 has an energy bandgap in the range of about 1eV to
about 1.8eV.

The buffer layer 400 is disposed on the light absorbing layer 300. The buffer layer
400 includes CdS and has an energy bandgap in the range of about 2.2eV to about
2.4eV.

The high-resistance buffer layer 500 is disposed on the buffer layer 400. The high-
resistance buffer layer 500 may include iZnO, which is zinc oxide not doped with im-
purities. The high-resistance buffer layer 500 has an energy bandgap in the range of
about 3.1eV to about 3.3eV.

The window layer 600 is disposed on the high-resistance buffer layer 500. The
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window layer 600 is a transparent conductive layer. In addition, the window layer 600
has resistance higher than that of the back electrode layer 200.

The window layer 600 includes oxide. For instance, the window layer 600 may
include zinc oxide, indium tin oxide (ITO) or indium zinc oxide (IZO).

In addition, the oxide may include conductive dopant, such as Al, Al,O;, Mg or Ga.
In detail, the window layer 60 may include Al doped zinc oxide (AZO) or Ga doped
zinc oxide (GZO).

Windows have shapes corresponding to shapes of back electrodes. For instance, the
windows are aligned in the form of a stripe pattern. In contrast, the windows can be
aligned in the form of a matrix.

As described above, the back electrode layer 200 includes the first electrode layer
210, the barrier layer 220 and the second electrode layer 230 and the sodium ions
contained in the second electrode layer 230 are diffused to the light absorbing layer
300 by the barrier layer 220, so the sodium ions can be effectively controlled, thereby
increasing the charge concentration in the light absorbing layer 300. In addition, since
the loss of the transmitted light can be reduced due to the improvement of the charge
concentration in the light absorbing layer 300, the light efficiency can be improved, so
that the thickness of the light absorbing layer 300 can be reduced and the productivity
can be improved.

FIGS. 2 to 6 are sectional views showing the procedure for manufacturing the solar
cell apparatus according to the embodiment. The previous description about the solar
cell apparatus will be incorporated herein by reference.

Referring to FIGS. 2 and 3, the first electrode layer 210 is formed on the support
substrate 100. The first electrode layer 210 may be deposited by using Mo. The first
electrode layer 210 can be formed through a PVD (physical vapor deposition) process
or a plating process.

In addition, an additional layer, such as a diffusion barrier layer, can be formed
between the support substrate 100 and the first electrode layer 210.

Then, the barrier layer 220 and the second electrode layer 230 are sequentially
formed on the first electrode layer 210. The barrier layer 220 may be formed through
the CVD process, but the embodiment is not limited thereto.

The second electrode layer 230 can be deposited by using Mo and metal ions can be
doped into the second electrode layer 230 after the second electrode layer 230 has been
formed through the PVD process or the plating process.

Referring to FIG. 4, the light absorbing layer 300 is formed on the back electrode
layer 200.

The light absorbing layer 300 can be formed through the sputtering process or the

evaporation process.
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For instance, Cu, In, Ga and Se are simultaneously or independently evaporated to
form the CIGS-based light absorbing layer 300, or the light absorbing layer 300 can be

formed through the selenization process after forming a metal precursor layer.
In detail, the metal precursor layer is formed on the back electrode layer 200 by

performing the sputtering process using a Cu target, an In target, and a Ga target.

Then, the selenization process is performed to form the CIGS-based light absorbing
layer 300.

In addition, the sputtering process using the Cu target, the In target, and the Ga target
and the selenization process can be simultaneously performed.

Further, the CIS-based or CIG-based light absorbing layer 300 can be formed
through the selenization process and the sputtering process using only the Cu and In
targets or the Cu and Ga targets.

Referring to FIG. 5, the buffer layer 400 and the high-resistance buffer layer 500 are
formed on the light absorbing layer 300.

The buffer layer 400 can be formed through the CBD (chemical bath deposition)
process. For instance, after the light absorbing layer 300 has been formed, the light
absorbing layer 300 is immersed in a solution including materials to form CdS, so that
the buffer layer 400 including the CdS is formed on the light absorbing layer 300.

After that, zinc oxide is deposited on the buffer layer 400 through the sputtering
process, so that the high-resistance buffer layer 500 is formed.

The buffer layer 400 and the high-resistance buffer layer 500 may have a thin
thickness. For instance, the buffer layer 400 and the high-resistance buffer layer 500
may have a thickness in the range of about 1nm to about 80nm.

Referring to FIG. 6, the window layer 600 is formed on the high-resistance buffer
layer 500. The window layer 600 can be formed by depositing a transparent conductive
material on the high-resistance buffer layer 500. For instance, the transparent
conductive material includes Al doped zinc oxide, In doped zinc oxide or In doped
zinc oxide.

Industrial Applicability

As described above, the solar cell apparatus including the back electrode capable of
improving the productivity and reliability can be manufactured through the method for
manufacturing the solar cell apparatus according to the embodiment.

Any reference in this specification to one embodiment, an embodiment, example em-
bodiment, 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
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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 effects such feature,
structure, or characteristic in connection with other ones of the embodiments.

[64] 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,
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 back electrode layer including molybdenum on the substrate;

a light absorbing layer on the back electrode layer; and

a window layer on the light absorbing layer,

wherein the back electrode layer includes a first electrode layer on the
substrate, a barrier layer on the first electrode layer and a second
electrode layer on the barrier layer.

The solar cell apparatus of claim 1, wherein the second electrode layer
includes metal ions.

The solar cell apparatus of claim 2, wherein the metal ions include
sodium ions.

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

The solar cell apparatus of claim 1, wherein the barrier layer has a
thickness in a range of 50nm to 200nm.

The solar cell apparatus of claim 1, wherein the barrier layer includes
nitride.

The solar cell apparatus of claim 1, wherein the second electrode layer
has a thickness corresponding to 1% to 30% based on a thickness of the
back electrode layer.

The solar cell apparatus of claim 6, wherein the nitride includes at least
one of TiN and TaN.

A method for manufacturing a solar cell apparatus, the method
comprising:

forming a first electrode layer on a substrate;

forming a second electrode layer on the first electrode layer;

forming a light absorbing layer on the second electrode layer; and
forming a window layer on the light absorbing layer.

The method of claim 9, further comprising forming a barrier layer
between the first and second electrode layers.

The method of claim 9, wherein metal ions are doped into the second
electrode layer after the second electrode layer has been formed

through a physical vapor deposition process or a plating process.
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