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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 nanopo-
wders, CIGS nanopowders or CZTS nanopowders on a sub-
strate 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 of a thin film solar cell, thereby providing a
highly efficient thin film solar cell.
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METHOD OF MANUFACTURING HIGH
DENSITY CIS THIN FILM FOR SOLAR CELL
AND METHOD OF MANUFACTURING THIN

FILM SOLAR CELL USING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a method of manu-
facturing 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 coat-
ing, 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

[0002] 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 contamina-
tion, infinite resource and semi-permanent lifespan, and are
thus anticipated as an energy source capable of solving the
problem of energy depletion.

[0003] Solar cells are classified into five types depending
on materials for a photo-absorption 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 pro-
viding 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.

[0004] A CIS or CIGS thin film is al-III-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.

[0005] Particularly, the CIS thin film is a direct transition
type semiconductor and may be 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.

[0006] 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.
[0007] 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 advantageous in that it provides a
highly efficient absorption layer. However, vacuum deposi-
tion 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
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high manufacturing costs. On the other hand, formation ofthe
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.

[0008] 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 per-
formed. 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.

[0009] Further, since the CIGS thin film has very high
melting point of 1000° C. or more, itis difficult even for CIGS
particles having a size of dozens of nanometers to allow
particle growth and densification through post-heat treat-
ment.

[0010] 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 manufacturing costs thereof.

DISCLOSURE OF INVENTION

Technical Problem

[0011] The present invention was conceived to solve the
problems of the related art, and one 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.

[0012] 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

[0013] 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 elementcontaining slurry to prepare a slurry mix-
ture (Step 4); and coating the slurry mixture onto a substrate
to form a CIS thin film, followed by heat treatment (Step 5).
[0014] In accordance with another aspect of the present
invention, a method of manufacturing a high density CIS thin
film include: preparing CIS nanoparticles (Step A); dispers-
ing 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
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prepare afilling element-containing slurry (Step D); and coat-
ing the filling element-containing slurry onto the CIS thin
film, followed by heat treatment (Step E).

[0015] In one exemplary embodiment, the CIS nanopar-
ticles may include CIS nanoparticles, CIGS nanoparticles, or
CZTS nanoparticles.

[0016] 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.
[0017] In another exemplary embodiment, the filling ele-
ment-containing slurry may further include a selenium com-
pound.

[0018] 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.

[0019] In another exemplary embodiment, the heat treat-
ment 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.

[0020] 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.

[0021] The CIS thin film may be a CIS thin film, a CIGS
thin film, or a CZTS thin film.

Advantageous Effects of Invention

[0022] 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 manu-
factured thin film solar cell exhibits high efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1 is a scanning electronic microscope (SEM)
image of a side section of a CIGS thin film manufactured
according to Example 2.

[0024] 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

[0025] Exemplary embodiments of the present invention
will be described in detail with reference to the accompanying
drawings.

[0026] 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.

[0027] Inone 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.
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[0028] First, the CIS nanoparticles are prepared in Step 1.
[0029] Herein, the term “CIS” means Cu—In—Se-based
ternary compounds, which are IB-IIIA-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—(8,Se), Cu—In—Al—Ga—8,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—7Zn—Sn—(Se,S), etc.
Here, Cu—Z7n—Sn—(Se,S) is formed by substituting all
IITA-group elements such as In, Ga, Al, and the like in the CIS
with [IB-group elements (Zn and the like) and IVA-group
elements (Sn and the like). Further, Cu—In—Ga—7Zn—
Sn—(Se,S) is formed by substituting some of the IIIA-group
elements in the CIS with the IIB-group elements and the
IVA-group elements.

[0030] 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.

[0031] Next, the CIS nanoparticles and a binder are dis-
persed and dissolved, respectively, in a solvent to prepare a
CIS slurry in Step 2.

[0032] In one exemplary embodiment, the solvent may be
an alcohol-based solvent such as methanol, ethanol, phen-
tanol, propanol, butanol, and the like.

[0033] The binder may be ethylene glycol, propylene gly-
col, ethyl cellulose, polyvinylpyrrolidone, and the like. The
amount of binder may be adjusted to control the concentra-
tion of the CIS slurry.

[0034] 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.

[0035] The CIS nanoparticles and the binder are suffi-
ciently mixed in the solvent, followed by ultrasonic treat-
ment, so that the prepared CIS slurry is uniformly dispersed.
[0036] Next, a filling element-containing salt and a binder
are dissolved in a solvent to prepare a filling element-contain-
ing slurry (Step 3).

[0037] 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.

[0038] 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.

[0039] Thebinder and solvent used for preparing the filling
element-containing slurry may be the same as those used in
preparation of the CIS slurry.

[0040] The filling element-containing slurry may include
10to 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.

[0041] Inthe filling element-containing slurry according to
one exemplary embodiment, the copper salt may include
CuCl, Cu-acetate, Cul, CuSO,, and the like; the indium salt
may include In(NO,);, In,(SO,);, In-acetate, and the like; the
gallium salt may include GaCls, Gal;, Ga(NO,);, Ga-acetate,
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and the like; the zinc salt may include ZnCl,, Zn(NO,),, Znl,,
and the like; and the tin salt may include SnCl, and the like.
[0042] In another exemplary embodiment, the filling ele-
ment-containing slurry may further include a selenium com-
pound such as SeO,, SeCl,, selenourea, and the like.

[0043] Next, the CIS slurry is mixed with the filling ele-
ment-containing slurry to prepare a slurry mixture in Step 4.
[0044] 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.

[0045] 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 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 manufac-
turing costs.

[0046] 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.

[0047] Then, the CIS thin film is subjected to heat treat-
ment. 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.

[0048] 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.

[0049] In another method according to the present inven-
tion, 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.
[0050] 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.
[0051] Next, the prepared CIS slurry is coated onto a sub-
strate to form a CIS thin film in Step C.

[0052] Here, the CIS slurry is coated onto the substrate by
non-vacuum coating.

[0053] Next, a filling element-containing salt and a binder
are dissolved in a solvent to prepare a filling element-contain-
ing slurry in Step D.

[0054] The method of preparing the filling element-con-
taining slurry is the same as the method described above.
[0055] Then, a filling element-containing slurry is coated
onto the CIS thin film, followed by heat treatment in Step E.
[0056] 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, gal-
lium, zinc, tin, and the like enter the cavities, thereby making
it possible to form a dense CIS thin film.

[0057] Next, the CIS thin film having the filling elements
placed in the cavities is subjected to heat treatment, thereby
forming a higher density CIS thin film.
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[0058] 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.

[0059] 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.

[0060] 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

[0061] In a glove box, 0.343 g of Cul and 0.991 g of InI3
were mixed with 30 ml of a distilled pyridine solvent, fol-
lowed by stirring for 10 minutes. After stirring for about 10
minutes, the opaque solution became transparent. Then, the
mixture of Cuand In was mixed with 0.5 g of Na,Se dissolved
in 20 ml 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 nano-
particles. 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.

[0062] 0.3 gofthe prepared CIS nanoparticles and 0.3 g of
propylene glycol was dissolved in 1.2 g of methanol, fol-
lowed by ultrasonic treatment for 60 minutes, thereby prepar-
ing a CIS slurry. Then, 0.15 g of Cu(NO,),, 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 ele-
ment-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
0t 400° C., thereby preparing a high density CIS thin film.

Example 2

[0063] CIS nanoparticles were prepared by the same pro-
cess as in Example 1. Then, 0.3 g of the prepared CIS nano-
particles and 0.3 g of propylene glycol was dissolvedin 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(NO,),, 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
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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. 1isa
scanning electronic micrograph (SEM) image of a side sec-
tion of the CIS thin film manufactured according to Example
2.

Comparative Example 1

[0064] CIS nanoparticles were prepared by the same pro-
cess as in Example 1. Then, 0.3 g of the prepared CIS nano-
particles and 0.3 g of propylene glycol were dissolved in 1.2
g of methanol, followed by ultrasonic treatment for 60 min-
utes, thereby preparing a CIS slurry. The CIS slurry was
coated onto a glass substrate by doctor blade coating, fol-
lowed 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 Comparative Example 2.

[0065] 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 treat-
ment at a lower temperature than that of existing heat treat-
ment.

[0066] 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.

1. 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,
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;

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.

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

coating the filling element-containing slurry onto the CIS

thin film, followed by heat treatment.

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

4. (canceled)

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

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

7. The method of claim 1, wherein the copper salt is
selected from the group consisting of CuCl, Cu-acetate, Cul,
and CuSO,.

8. The method of claim 1, wherein the indium salt is
selected from the group consisting of In(NO,),, In,(SO,);,
and In-acetate.

9. The method of claim 1, wherein the gallium salt is
selected from the group consisting of GaCl,, Gal;, Ga(NO,),
and Ga-acetate, the zinc salt is selected from the group con-
sisting of ZnCl,, Zn(NO,), and Znl,, and the tin salt is SnCl,,.

10. The method of claim 1, wherein the solvent is an
alcohol-based solvent including methanol, ethanol, phen-
tanol, propanol, and butanol.

11. The method of claim 1, wherein the binder is selected
from the group consisting of ethylene glycol, propylene gly-
col, ethyl cellulose, and polyvinylpyrrolidone.

12. The method of claim 1, wherein the CIS thin film is
formed by non-vacuum coating selected from the group con-
sisting of spraying, ultrasonic spraying, spin coating, doctor
blade coating, screen printing, and inkjet printing.

13. The method of claim 1, further comprising:

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

before the heat treatment.

14. 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.

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

16. A high density CIS thin film used for a photo-absorp-
tion 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.

17. 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.

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

19. (canceled)

20. (canceled)

21. (canceled)

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

23. The method of claim 2, wherein the filling element-
containing slurry further comprises a selenium compound.
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24. The method of claim 23, wherein the selenium com-
pound is selected from the group consisting of SeO,, SeCl,,
and selenourea.

25. The method of claim 2, wherein the copper salt is
selected from the group consisting of CuCl, Cu-acetate, Cul,
and CuSO,.

26. The method of claim 2, wherein the indium salt is
selected from the group consisting of In(NO;);, In,(SO,);,
and In-acetate.

27. The method of claim 2, wherein the gallium salt is
selected from the group consisting of GaCl,, Gal;, Ga(NO,),
and Ga-acetate, the zinc salt is selected from the group con-
sisting of ZnCl,, Zn(NO,), and Znl,, and the tin salt is SnCl,,.
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28. The method of claim 2, wherein the solvent is an
alcohol-based solvent including methanol, ethanol, phen-
tanol, propanol, and butanol.

29. The method of claim 2, wherein the binder is selected
from the group consisting of ethylene glycol, propylene gly-
col, ethyl cellulose, and polyvinylpyrrolidone.

30. The method of claim 2, wherein the CIS thin film is
formed by non-vacuum coating selected from the group con-
sisting of spraying, ultrasonic spraying, spin coating, doctor
blade coating, screen printing, and inkjet printing.

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



