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(57) Abstract: Disclosed are a high density CIS thin film and a method of manufacturing the same, which includes coating CIS
nanopowders, CIGS nanopowders or CZTS nanopowders on a substrate by non-vacuum coating, followed by heat treatment with
cavities between the nanopowders filled with filling elements such as copper, indium, gallium, zinc, tin, and the like. The high
density CIS thin film is applied to a photo-absorption layer ot a thin film solar cell, thereby providing a highly efficient thin film
solar cell.
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Description
Title of Invention: METHOD OF MANUFACTURING HIGH
DENSITY CIS THIN FILM FOR SOLAR CELL AND METHOD
OF MANUFACTURING THIN FILM SOLAR CELL USING THE

SAME
Technical Field

[1] The present invention relates to a method of manufacturing a high density CIS thin
film for a solar cell and a method of manufacturing a thin film solar cell using the CIS
thin film. More particularly, the present invention relates to a method of manufacturing
a high density CIS thin film for a solar cell by coating CIS nanopowders, CIGS
nanopowders or CZTS nanopowders on a substrate via non-vacuum coating, followed
by heat treatment with cavities between the nanopowders filled with filling elements
such as copper, indium, gallium, zinc, tin, and the like, and a method of manufacturing
a thin film solar cell using the CIS thin film.

Background Art

[2] Recently, development of next generation clean energy sources has become a crucial
issue to overcome severe environmental contamination and depletion of fossil fuels. In
particular, solar cells directly converting sunlight into electric energy have various
merits such as avoidance of contamination, infinite resource and semi-permanent
lifespan, and are thus anticipated as an energy source capable of solving the problem of
energy depletion.

[3] Solar cells are classified into five types depending on materials for a photo-ab-
sorption layer, and a silicon solar cell is most widely used in the art. Recently,
however, a rapid increase in raw material costs due to undersupply of silicon has led to
increasing interest in thin film solar cells. Thin film solar cells are manufactured to a
low thickness, thereby providing merits such as low consumption of material, light
weight, wide application ranges, and the like. As for materials of such a thin film solar
cell, studies have been actively conducted on amorphous silicon, CdTe, CIS, CIGS,
and the like.

[4] A CIS or CIGS thin film is al-I-VI compound semiconductor and has a higher
conversion efficiency of about 19.9% than any other thin film solar cells. In particular,
since the CIS or CIGS thin film can be formed to a thickness of 10 micrometers or less
and is stable after long term use, the thin film is anticipated as an inexpensive, highly
efficient solar cell capable of replacing silicon.

[5] Particularly, the CIS thin film is a direct transition type semiconductor and may be
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formed into a thin film. Further, the CIS thin film has a band-gap energy of 1.04 eV
suited to photo conversion and exhibits a higher coefficient of photo absorption than

any other solar cell materials known in the art.
The CIGS thin film is developed to replace some of indium In by gallium Ga or

replace selenium Se by sulfur S to improve a low open circuit voltage of the CIS thin
film.

Generally, a CIGS solar cell is formed using a thin film having a thickness of several
micrometers by vacuum deposition, or by precursor deposition in a non-vacuum state
and heat treatment of the precursor-deposited thin film. Vacuum deposition is ad-
vantageous in that it provides a highly efficient absorption layer. However, vacuum de-
position disadvantageously provides low uniformity and requires expensive equipment
in forming a large area absorption layer, and causes material loss of about 20% to 50%,
which leads to high manufacturing costs. On the other hand, formation of the solar cell
through a non-vacuum precursor deposition and heat treatment at high temperature
may advantageously reduce manufacturing costs while providing a uniform large area.
However, this process is disadvantageous due to low efficiency of the absorption layer.

Since the CIGS thin film formed by depositing a precursor in a non-vacuum state has
lots of pores and exhibits non-dense characteristics, selenization heat treatment is
performed. Here, since conventional selenization heat treatment is performed using
toxic hydrogen selenide (H,Se) gas, huge installation costs are required to provide a
safety system to guarantee safety and the heat treatment is performed for a long
duration, thereby causing an increase in the unit cost of the CIGS thin film.

Further, since the CIGS thin film has very high melting point of 1000°C or more, it is
difficult even for CIGS particles having a size of dozens of nanometers to allow
particle growth and densification through post-heat treatment.

The inventors of the present invention carried out diligent studies to obtain a method
of manufacturing a high density CIS thin film, CIGS thin film or CZTS thin film
through non-vacuum coating. As a result, the inventors found that a high density CIS
thin film can be formed when heat treating the CIS thin film, CIGS thin film, CZTS
thin film, with cavities of the film filled with filling elements such as copper, indium,
gallium, zinc, tin, and the like. Accordingly, it was also found that, when such a high
density CIS thin film was applied to a photo-absorption layer of a thin film solar cell, it
is possible to improve efficiency of the thin film solar cell while reducing manu-

facturing costs thereof.
Disclosure of Invention
Technical Problem

The present invention was conceived to solve the problems of the related art, and one
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aspect of the present invention is to provide a high density CIS thin film, which can
reduce manufacturing costs using non-vacuum coating, and a method of manufacturing

the same.
Another aspect of the present invention is to provide an inexpensive thin film solar

cell, which has high efficiency, and a method of manufacturing the same.

Solution to Problem

In accordance with one aspect of the invention, a method of manufacturing a high
density CIS thin film includes: preparing CIS nanoparticles (Step 1); dispersing the
CIS nanoparticles and dissolving a binder in a solvent to prepare a CIS slurry (Step 2);
dissolving a filling element-containing salt and a binder in a solvent to prepare a filling
element-containing slurry (Step 3); mixing the CIS slurry and the filling element-
containing slurry to prepare a slurry mixture (Step 4); and coating the slurry mixture
onto a substrate to form a CIS thin film, followed by heat treatment (Step 5).

In accordance with another aspect of the present invention, a method of manu-
facturing a high density CIS thin film include: preparing CIS nanoparticles (Step A);
dispersing the CIS nanoparticles and dissolving a binder in a solvent to prepare a CIS
slurry (Step B); coating the CIS slurry onto a substrate to form a CIS thin film (Step
C); dissolving a filling element-containing salt and a binder in a solvent to prepare a
filling element-containing slurry (Step D); and coating the filling element-containing
slurry onto the CIS thin film, followed by heat treatment (Step E).

In one exemplary embodiment, the CIS nanoparticles may include CIS nanoparticles,
CIGS nanoparticles, or CZTS nanoparticles.

The filling element-containing salt may be a mixed salt of at least two selected from
the group consisting of copper salt, indium salt, gallium salt, zinc salt, and tin salt.

In another exemplary embodiment, the filling element-containing slurry may further
include a selenium compound.

In one exemplary embodiment, the CIS thin film may be formed by non-vacuum
coating including spraying, ultrasonic spraying, spin coating, doctor blade coating,
screen printing, and inkjet printing.

In another exemplary embodiment, the heat treatment is selenization heat treatment
performed at 400 to 550°C while supplying Se vapor. The selenization heat treatment
may make the CIS thin film denser.

A further aspect of the present invention provides a high density CIS thin film, which
includes a CIS thin film; and filling elements placed in cavities within the CIS thin
film. Here, the filling elements are at least two elements selected from the group
consisting of copper, indium, gallium, zinc, and tin.

The CIS thin film may be a CIS thin film, a CIGS thin film, or a CZTS thin film.
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Advantageous Effects of Invention

According to the exemplary embodiments, the CIS thin film is subjected to heat
treatment with cavities of the CIS thin film filled with filling elements such as copper,
indium, gallium, zinc, tin, and so on, thereby forming a high density CIS thin film.
When the high density CIS thin film is applied to a photo-absorption layer of a thin
film solar cell, the manufactured thin film solar cell exhibits high efficiency.

Brief Description of Drawings

Fig. 1 is a scanning electronic microscope (SEM) image of a side section of a CIGS
thin film manufactured according to Example 2.

Fig. 2 is a SEM image of a side section of a CIGS thin film manufactured according
to Comparative Example 2.

Best Mode for Carrying out the Invention

Exemplary embodiments of the present invention will be described in detail with
reference to the accompanying drawings.

According to the present invention, there are two methods of manufacturing a high
density CIS thin film by filling cavities of a CIS thin film with filling elements such as
copper, indium, gallium, zinc, tin, and the like.

In one method according to the present invention, a slurry containing CIS
nanoparticles is mixed with a metal salt including copper, indium, gallium, zinc, tin,
and the like to prepare a slurry mixture, which is coated onto a substrate, followed by
heat treatment, thereby providing a high density CIS thin film. Next, the method
according to the present invention will be described in more detail.

First, the CIS nanoparticles are prepared in Step 1.

Herein, the term "CIS" means Cu-In-Se-based ternary compounds, which are IB-
IITA-VIA group compound semiconductors, such as Cu-In-S, Cu-Ga-S, Cu-Ga-Se, and
the like; quaternary compounds such as Cu-In-Ga-Se; and quinary-hexanary
compounds such as Cu-In-Ga-Se-(S,Se), Cu-In-Al-Ga-(S,Se), Cu-In-Al-Ga-Se-S, and
the like. More broadly, the term "CIS" means CZTS-based compounds such as Cu-
Zn-Sn-(Se,S), Cu-In-Ga-Zn-Sn-(Se,S), etc. Here, Cu-Zn-Sn-(Se,S) is formed by sub-
stituting all IITA-group elements such as In, Ga, Al, and the like in the CIS with IIB-
group elements (Zn and the like) and IVA-group elements (Sn and the like). Further,
Cu-In-Ga-Zn-Sn-(Se,S) is formed by substituting some of the IIIA-group elements in
the CIS with the IIB-group elements and the [VA-group elements.

The CIS nanoparticles may be prepared by any known method in the art, such as a
low temperature colloidal process, a solvent thermal process, or a microwave process,
using the CIS.

Next, the CIS nanoparticles and a binder are dispersed and dissolved, respectively, in
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a solvent to prepare a CIS slurry in Step 2.

In one exemplary embodiment, the solvent may be an alcohol-based solvent such as
methanol, ethanol, phentanol, propanol, butanol, and the like.

The binder may be ethylene glycol, propylene glycol, ethyl cellulose,
polyvinylpyrrolidone, and the like. The amount of binder may be adjusted to control
the concentration of the CIS slurry.

The CIS slurry may include 20 to 30 parts by weight of the CIS nanoparticles, 80 to
100 parts by weight of the solvent, and 20 to 30 parts by weight of the binder.

The CIS nanoparticles and the binder are sufficiently mixed in the solvent, followed
by ultrasonic treatment, so that the prepared CIS slurry is uniformly dispersed.

Next, a filling element-containing salt and a binder are dissolved in a solvent to
prepare a filling element-containing slurry (Step 3).

Herein, the term “filling element” means elements to be placed in cavities of the CIS
thin film. For a CIS thin film, the filling element may include copper and indium, and
for a CIGS thin film, the filling element may include copper and indium or gallium.
For a CZTS thin film, the filling element may include copper, zinc or tin.

The aforementioned filling element-containing salt, for example, a mixed salt of at
least two selected from the group consisting of copper salt, indium salt, gallium salt,
zinc salt and tin salt, is mixed with a binder in a solvent, thereby preparing the filling
element-containing slurry.

The binder and solvent used for preparing the filling element-containing slurry may
be the same as those used in preparation of the CIS slurry.

The filling element-containing slurry may include 10 to 20 parts by weight of the
filling element-containing salt, 80 to 90 parts by weight of the solvent, and 20 to 30
parts by weight of the binder.

In the filling element-containing slurry according to one exemplary embodiment, the
copper salt may include CuCl, Cu-acetate, Cul, CuSQOy,, and the like; the indium salt
may include In(NO,);, In,(SO,)s, In-acetate, and the like; the gallium salt may include
GaCls, Gal;, Ga(NQO,),, Ga-acetate, and the like; the zinc salt may include ZnCl,,
Zn(NOs),, Znl,, and the like; and the tin salt may include SnCl, and the like.

In another exemplary embodiment, the filling element-containing slurry may further
include a selenium compound such as SeO,, SeCl,, selenourea, and the like.

Next, the CIS slurry is mixed with the filling element-containing slurry to prepare a
slurry mixture in Step 4.

Next, the slurry mixture is coated onto a substrate to form a CIS thin film, which in
turn is subjected to heat treatment, in Step 5.

In this invention, when forming the CIS thin film using the slurry mixture, non-

vacuum coating is employed. The non-vacuum coating may be any non-vacuum
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coating method known in the art, for example, spraying, ultrasonic spraying, spin
coating, doctor blade coating, screen printing, inkjet printing, and the like. As such, the
CIS thin film may be formed by non-vacuum coating, thereby reducing manufacturing
Costs.

After forming the CIS thin film by coating the slurry mixture in a non-vacuum state,
the thin film may be further subjected to drying to remove the alcohol solvent and the
binder. Coating of the slurry mixture and drying are repeated twice or three times,
thereby forming a CIS thin film having a desired thickness.

Then, the CIS thin film is subjected to heat treatment. In this embodiment, heat
treatment of the CIS thin film is performed at 400 to 550°C, which is lower than the
temperature of existing post-heat treatment for CIS thin films, while supplying Se
vapor, thereby providing a dense CIS thin film.

In the process of heat treating the thin film while supplying the Se vapor, Se vapor
formed by heating Se solid to evaporate the Se solid is supplied. This process can be
easily performed by those skilled in the art.

In another method according to the present invention, a slurry containing CIS
nanoparticles is prepared and coated onto a substrate to form a CIS thin film. Then, a
slurry containing metal salts including copper, indium, gallium, zinc, tin, and the like is
prepared and coated onto the CIS thin film, which in turn is subjected to heat
treatment, thereby preparing a dense CIS thin film. Next, the method according to the
present invention will be described in more detail.

As in Steps 1 and 2 of the method described above, CIS nanoparticles are prepared
and dispersed together with a binder in a solvent to prepare a CIS slurry in Steps A and
B.

Next, the prepared CIS slurry is coated onto a substrate to form a CIS thin film in
Step C.

Here, the CIS slurry is coated onto the substrate by non-vacuum coating.

Next, a filling element-containing salt and a binder are dissolved in a solvent to
prepare a filling element-containing slurry in Step D.

The method of preparing the filling element-containing slurry is the same as the
method described above.

Then, a filling element-containing slurry is coated onto the CIS thin film, followed
by heat treatment in Step E.

The CIS thin film formed on the substrate has lots of cavities. Thus, when the filling
element-containing slurry is coated thereon, filling elements such as copper, indium,
gallium, zinc, tin, and the like enter the cavities, thereby making it possible to form a
dense CIS thin film.

Next, the CIS thin film having the filling elements placed in the cavities is subjected
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to heat treatment, thereby forming a higher density CIS thin film.

A CIS thin film manufactured by the method according to this invention has a dense
structure through heat treatment of the CIS thin film with the cavities of the thin film
filled with the filling elements, as described above.

Further, the present invention provides a thin film solar cell, a photo-absorption layer
of which is a high density CIS thin film obtained through heat treatment of the CIS thin
film with the cavities of the CIS thin film filled with the filling element.

Further, the present invention provides a method of manufacturing a thin film solar

cell using the CIS thin film according to the embodiments of the invention.

Example 1
In a glove box, 0.343 g of Cul and 0.991 g of InI3 were mixed with 30 mé of a

distilled pyridine solvent, followed by stirring for 10 minutes. After stirring for about
10 minutes, the opaque solution became transparent. Then, the mixture of Cu and In
was mixed with 0.5 g of Na,Se dissolved in 20 m{ of distilled methanol. The resultant
has an atomic ratio of Cu : In : Se of 0.9 : 1 : 2. Then, the mixture of methanol/pyridine
was reacted for 1 minute while being mechanically stirred in an ice bath at 0°C, thereby
preparing CIGS nanoparticles. The prepared CIGS colloid was subjected to cen-
trifugation for about 30 minutes at 4000 rpm and ultrasonic treatment for 5 minutes,
followed by washing with distilled methanol. This process was repeated to completely
remove by-products and pyridine, thereby preparing highly pure CIS nanoparticles.

0.3 g of the prepared CIS nanoparticles and 0.3 g of propylene glycol was dissolved
in 1.2 g of methanol, followed by ultrasonic treatment for 60 minutes, thereby
preparing a CIS slurry. Then, 0.15 g of Cu(NOs),, 0.184 g of InCl;, and 2 ml of
propylene glycol were mixed in 8 ml of ethanol, and stirred for 60 minutes, thereby
preparing a filling element-containing slurry. The CIS slurry was mixed with the filling
element-containing slurry, followed by ultrasonic treatment for 60 minutes, thereby
preparing a slurry mixture. The prepared slurry mixture was coated onto a glass
substrate by doctor blade coating, followed by drying the substrate at 60°C for 5
minutes and at 180°C for 2 minutes on a hot plate to remove the alcohol solvent and
the binder. Such a coating and drying process was repeated three times to form a CIS
thin film on the substrate. Then, the film was subjected to heat treatment while
supplying Se vapor at a substrate temperature of 400°C, thereby preparing a high
density CIS thin film.

Example 2
CIS nanoparticles were prepared by the same process as in Example 1. Then, 0.3 g of
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the prepared CIS nanoparticles and 0.3 g of propylene glycol was dissolved in 1.2 g of
methanol, followed by ultrasonic treatment for 60 minutes, thereby preparing a CIS
slurry. The CIS slurry was coated onto a glass substrate by doctor blade coating,
followed by drying the substrate at 60°C for 5 minutes and at 180°C for 2 minutes on a
hot plate to remove the alcohol solvent and the binder. Such a coating and drying
process was repeated three times to form a CIS thin film on the substrate. Then, 0.15 g
of Cu(NOs),, 0.184 g of InCl;, and 2 ml of propylene glycol were mixed in 8 ml of
ethanol, and stirred for 60 minutes, thereby preparing a filling element-containing
slurry, which in turn was coated onto the CIS thin film, followed by drying the thin
film at 60°C for 5 minutes and at 180°C for 2 minutes on a hot plate to remove the
alcohol solvent and the binder. Then, the thin film was subjected to heat treatment
while supplying Se vapor at a substrate temperature of 400°C, thereby preparing a high
density CIS thin film. Fig. 1 is a scanning electronic micrograph (SEM) image of a
side section of the CIS thin film manufactured according to Example 2.

Comparative Example 1

CIS nanoparticles were prepared by the same process as in Example 1. Then, 0.3 g of
the prepared CIS nanoparticles and 0.3 g of propylene glycol were dissolved in 1.2 g of
methanol, followed by ultrasonic treatment for 60 minutes, thereby preparing a CIS
slurry. The CIS slurry was coated onto a glass substrate by doctor blade coating,
followed by drying the substrate at 60°C for 5 minutes and at 180°C for 2 minutes on a
hot plate to remove the alcohol solvent and the binder. Such a coating and drying
process was repeated three times to form a CIS thin film on the substrate. Fig. 2 is an
SEM image of a side section of the CIS thin film manufactured according to Com-

parative Example 2.

Referring to Figs. 1 and 2, it can be seen that the CIS thin film prepared in Example 2
is denser than the CIS thin film prepared in Comparative Example 1 in which the
filling element-containing slurry was not coated to the thin film. Therefore, it can be
seen that the CIS thin film formed by the method according to the present invention
has a denser structure even when the thin film is subjected to heat treatment at a lower
temperature than that of existing heat treatment.

Although some embodiments have been described herein, it should be understood by
those skilled in the art that these embodiments are given by way of illustration only,
and that various modifications, variations, and alterations can be made without
departing from the spirit and scope of the invention. Therefore, the scope of the
invention should not be limited only by the accompanying claims and equivalents

thereof.
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Claims

A method of manufacturing a high density CIS thin film, comprising:
preparing CIS nanoparticles;

dispersing the CIS nanoparticles and dissolving a binder in a solvent to
prepare CIS slurry;

dissolving a filling element-containing salt and a binder in a solvent to
prepare a filling element-containing slurry;

mixing the CIS slurry and the filling element-containing slurry to
prepare a slurry mixture; and

coating the slurry mixture onto a substrate to form a CIS thin film,
followed by heat treatment.

A method of manufacturing a high density CIS thin film, comprising:
preparing CIS nanoparticles;

dispersing the CIS nanoparticles and dissolving a binder in a solvent to
prepare CIS slurry;

coating the CIS slurry onto a substrate to form a CIS thin film;
dissolving a filling element-containing salt and a binder in a solvent to
prepare a filling element-containing slurry; and

coating the filling element-containing slurry onto the CIS thin film,
followed by heat treatment.

The method of claim 1 or 2, wherein the CIS nanoparticles comprise
CIS nanoparticles, CIGS nanoparticles, or CZTS nanoparticles.

The method of claim 1 or 2, wherein the filling element-containing salt
is a mixed salt of at least two selected from the group consisting of
copper salt, indium salt, gallium salt, zinc salt, and tin salt.

The method of claim 1 or 2, wherein the filling element-containing
slurry further comprises a selenium compound.

The method of claim 5, wherein the selenium compound is selected
from the group consisting of SeO,, SeCl,, and selenourea.

The method of claim 4, wherein the copper salt is selected from the
group consisting of CuCl, Cu-acetate, Cul, and CuSO,.

The method of claim 4, wherein the indium salt is selected from the
group consisting of In(NO;);, In,(SO,);, and In-acetate.

The method of claim 4, wherein the gallium salt is selected from the
group consisting of GaCl;, Gals;, Ga(NO;); and Ga-acetate, the zinc salt
is selected from the group consisting of ZnCl,, Zn(NQs), and Znl,, and
the tin salt is SnCl,.
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The method of claim 1 or 2, wherein the solvent is an alcohol-based
solvent including methanol, ethanol, phentanol, propanol, and butanol.
The method of claim 1 or 2, wherein the binder is selected from the
group consisting of ethylene glycol, propylene glycol, ethyl cellulose,
and polyvinylpyrrolidone.

The method of claim 1 or 2, wherein the CIS thin film is formed by
non-vacuum coating selected from the group consisting of spraying, ul-
trasonic spraying, spin coating, doctor blade coating, screen printing,
and inkjet printing.

The method of claim 1, further comprising:

drying the CIS thin film after forming the CIS thin film and before the
heat treatment.

The method of claim 2, further comprising:

drying the CIS thin film after forming the CIS thin film; and

drying the CIS thin film after coating the filling element-containing
slurry on the CIS thin film.

The method of claim 1 or 2, wherein the heat treatment is selenization
heat treatment performed at 400 to 550°C while supplying Se vapor.

A high density CIS thin film used for a photo-absorption layer of a
solar cell, comprising:

filling elements placed in cavities within the CIS thin film, the filling
elements being at least two elements selected from the group consisting
of copper, indium, gallium, zinc, and tin.

The CIS thin film of claim 16, wherein the CIS thin film is a CIS thin
film, a CIGS thin film, or a CZTS thin film.

The CIS thin film of claim 16, wherein the CIS thin film is subjected to
heat treatment at 400 to 550°C while supplying Se vapor.

A thin film solar cell comprising a high density CIS thin film as a
photo-absorption layer, the CIS thin film comprising filling elements
placed in cavities within the CIS thin film, the filling elements being at
least two elements selected from the group consisting of copper,
indium, gallium, zinc, and tin.

A method of manufacturing a thin film solar cell comprising a CIS thin
film as a photo-absorption layer, the CIS thin film being formed by a
method comprising:

preparing CIS nanoparticles;

dispersing the CIS nanoparticles and dissolving a binder in a solvent to
prepare a CIS slurry;
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dissolving a filling element-containing salt and a binder in a solvent to
prepare a filling element-containing slurry;

mixing the CIS slurry and the filling element-containing slurry to
prepare a slurry mixture; and

coating the slurry mixture onto a substrate to form a CIS thin film,
followed by heat treatment.

A method of manufacturing a thin film solar cell comprising a CIS thin
film as a photo-absorption layer, the CIS thin film being formed by a
method comprising:

preparing CIS nanoparticles;

dispersing the CIS nanoparticles and dissolving a binder in a solvent to
prepare a CIS slurry;

coating the CIS slurry onto a substrate to form a CIS thin film;
dissolving a filling element-containing salt and a binder in a solvent to
prepare a filling element-containing slurry; and

coating the filling element-containing slurry onto the CIS thin film,
followed by heat treatment.
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[Drawings]

[Fig. 1]

[Fig. 2]

S4700 10.0kV 12.8mm x30.0k SE(U)
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