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[DESCRIPTION]
[Invention Titlel

METHOD OF MANUFACTURING CIS-BASED THIN FILM HAVING HIGH DENSITY
[Technical Field]

The present i1nvention relates to a method of manufacturing a high-
density CIS-based compound thin film for a solar cell, and more particularly
to a method of manufacturing a CIS-based compound thin film having high
density, wherein, upon application of CIS compound nanoparticles, CIGS
compound nanoparticles or CZTS compound nanoparticles using a non—vacuum
coating process, the surface of the precursor particles is modified, so that
the density of the thin film is increased during thermal post-treatment, and
to a method of manufacturing a thin-film solar cell using the CIS-based
compound thin film.

[Background Art]

Recently, the need to develop next-generation clean energy is gaining
in 1importance in light of severe environmental contamination and the
exhaustion of fossil energy. In particular, solar cells, which are used to
directly convert solar energy into electric energy, are expected to become an
energy source able to solve the energy problems of the future because they
generate less pollution and use an unlimited resource and have a semi-
permanent lifetime.

Solar cells are classified into a variety of types depending on the
material used for the light absorption layer. The mainly available type 1is
the Si solar cell. However, as the price of Si has drastically increased
attributable to a shortage of the Si supply in recent years, thin-film solar
cells are receiving attention. Thin-film solar cells are manufactured to be
thin so that smaller amounts of materials are consumed, and also are
lightweight and thus the application field thereof is wide. Thorough
research is ongoing into using amorphous Si and CdTe, CIS or CIGS as
materials in such thin-film solar cells.

The CIS thin film or the CIGS thin film corresponds to a Group I-III-VI

compound semiconductor, and achieves the greatest conversion efficiency
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(20.3%) among thin—film solar cells which have been experimentally produced.
Furthermore, this film may be manufactured to a thickness of 10 um or less
and is stable even upon extended use, so that an inexpensive high-efficiency
solar cell capable of replacing Si that uses this film is expected.

In particular, the CIS thin film is a direct transition type
semiconductor and may thus be provided in the form of a thin film, and has a
band gap of 1.04 eV and is thus comparatively adapted for light conversion,
and the coefficient of light absorption thereof is the greatest amongst the
materials used in solar cells.

The CIGS thin film is a material developed by replacing part of In with
Ga or replacing Se with S to improve the low open—circuit voltage of a CIS
thin film.

The CIGS-based solar cell is manufactured in the form of a thin film
having a thickness of ones of m, and the manufacturing method thereof
includes for example a vapor deposition process in a vacuum, and a process
comprising applying a precursor material 1n a non-vacuum and thermally
treating it. Although the vapor deposition process is advantageous because a
high-efficiency absorption layer may be formed, uniformity may decrease upon
forming a large-area absorption layer and an expensive apparatus should be
used, and the manufacturing cost may become high due to the material loss of
20 ~ 50%. Whereas, the process comprising applying the precursor material
and thermally treating it at high temperature may decrease the process cost
and allows the large area to be uniformly formed, but the efficiency of the
absorption layer is undesirably low.

The CIGS thin film formed by applying a precursor material in a non-
vacuum has many pores and 1s not dense, and thus needs thermal treatment for
selenization. However, conventional thermal treatment for selenization is
disadvantageous because the use of hydrogen selenide (H2Se) which is a toxic
gas causes problems related to stability, and thus safety equipment must be
mounted which caused the installation cost to be very high, and also because
thermal treatment should be carried out for a long period of time,

undesirably increasing the price of the CIGS thin film.
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Moreover, because the melting point of the CIGS thin film is 1000C or
more and is very high, even when CIGS compound nanoparticles having a size of
tens of nm are used, it is not easy to grow particles and achieve
densification with thermal post-treatment.

[Disclosure]
[Technical Problem]

Accordingly, the present invention has been made keeping in mind the
above problems occurring in the related art, and an object of the present
invention is to provide a method of manufacturing a CIS-based compound thin
film, wherein a non-vacuum coating process that has a comparatively low
process cost is introduced, thus enabling the structure of the thin film to
be densified during the process, resulting in decreased manufacturing cost,
and also enabling a high-efficiency thin-film solar cell to be provided that
uses the high-density thin film.

[Technical Solution]

In order to accomplish the above object, the present invention provides
a method of manufacturing a CIS-based compound thin film having high density,
comprising (1) preparing CIS-based compound nanoparticles; (2) mixing the
CIS-based compound nanoparticles, a chelating agent and a solvent, thus
preparing a CIS-based compound slurry; (3) applying the CIS-based compound
slurry, thus forming a CIS-based compound thin film; and (4) thermally
treating the CIS-based compound thin film.

In a preferred embodiment of the present invention, the CIS-based
compound nanoparticles may be CIS compound nanoparticles, CIGS compound
nanoparticles or CZTS compound nanoparticles.

The chelating agent may be any one selected from among MEA
(monoethanolamine), DEA (diethanolamine), TEA (triethanolamine),
ethylenediamine, EDTA (ethylenediaminetetraacetic acid), NTA
(nitrilotriacetic acid), HEDTA (hydroxyethylenediaminetetraacetic acid),
GEDTA (glycoletherdiaminetetraacetic acid), TTHA
(triethylenetetraminehexacetic acid), HIDA (hydroxyethyliminodiacetic acid),
and DHEG (dihydroxyethylglycine).
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The solvent may be an alcoholic solvent.

The alcoholic solvent may include any one selected from among ethanol,
methanol, pentanol, propanol and butanol.

The slurry may be prepared by means of dispersion using ultrasound.

The CIS-based compound thin film may be formed using a non-vacuum
coating process.

The non-vacuum coating process may be any one selected from among
spraying, ultrasonic spraying, spin coating, doctor blading, screen printing
and ink-jet printing.

In (3), drying may be additionally performed after applying the CIS-
based compound thin film.

In (3), applying and drying the CIS-based thin film may be sequentially
repeated a plurality of times.

Also, (4) may be performed by carrying out thermal treatment while
supplying Se vapor.

The thermal treatment may be performed at a temperature of a substrate
having the CIS-based compound thin film of 400 ~ 530T.

In addition, the present invention provides a CIS-based compound thin
film having high density, suitable for use as a light absorption layer of a
solar cell, wherein the CIS-based compound thin film has a structure in which
CIS-based compound nanoparticles are uniformly grown upon thermal treatment
for selenization by means of a chelating agent.

In a preferred embodiment of the present invention, the CIS-based
compound nanoparticles may be CIS compound nanoparticles, CIGS compound
nanoparticles or CZTS compound nanoparticles.

The chelating agent may be any one selected from among MEA, DEA, TEA,
ethylenediamine, EDTA, NTA, HEDTA, GEDTA, TTHA, HIDA, and DHEG.

In addition, the present invention provides a solar cell comprising the

CIS-based compound thin film having high density as above.
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[Advantageous Effects]

According to the present invention, precursor nanoparticles are mixed
with a chelating agent to form a precursor thin film which is then thermally
treated, thus completing a CIS-based compound thin film. As such, the
chelate compound formed on the surface of the nanoparticles can delay the
crystallization of the particles upon thermal treatment for selenization and
enables the efficient viscous flow of the material, thereby densifying the
structure of the thin film. Also, the CIS-based compound thin film according
to the present invention can be used as the light absorption layer of a thin-
film solar cell thus achieving a high-efficiency thin-film solar cell.

[Description of Drawings]

FIG. 1 is a scanning electron microscope (SEM) image showing the
surface of a CIS thin film manufactured in an example according to the
present invention;

FIG. 2 is a graph showing output properties of a solar cell using the
CIS thin film manufactured in the example according to the present invention;

FIG. 3 is a SEM image showing the surface of a CIS compound thin film
manufactured in a comparative example; and

FIG. 4 is a dark current-voltage curve of a solar cell using the CIS
compound thin film manufactured in the comparative example.

[Mode for Invention]

Hereinafter, a detailed description will be given of preferred
embodiments of the present invention with reference to the appended drawings.
The following embodiments may be variously modified and are not construed as
limiting the scope of the present invention. The embodiments of the present
invention are merely intended to provide a complete description to a person
having ordinary knowledge in the art.

According to the present invention, a method of manufacturing a CIS-
based compound thin film is specifically described below.

The method of forming the CIS-based compound thin film according to the
present invention may include mixing a slurry of CIS-based compound

nanoparticles with a chelating agent thus preparing a mixed slurry which is
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then applied and thermally treated, thus obtaining a dense CIS-based compound
thin film. This method is stepwisely described below.

First, CIS-based compound nanoparticles are prepared (step 1).

As used herein, the term “CIS-based compound” means a ternary
compound including not only Cu-In-Se but also Cu-In-S, Cu-Ga-S, Cu-Ga-Se and
so on, as Group IB-I1IA-VIA compound semiconductors, a quaternary compound
such as Cu-In-Ga-Se and so on, and a quinary or senary compound such as Cu-
In-Ga-Se-(S,Se), Cu-In-Al-Ga-(S,Se), Cu-In-Al-Ga-Se-S, etc. More widely, the
CIS-based compound is defined as including a CZTS-based compound which
includes Cu-Zn-Sn—(Se,S) wherein all of Group IIIA elements of the CIS-based
compound, such as In, Ga, Al, etc., are replaced with Group IIB element (e.g.
Zn) + Group IVA element (e.g. Sn), and also which includes Cu-In-Ga-Zn-Sn-
(Se,S) wherein part of Group IIIA elements thereof are replaced.

Using the CIS-based compound as mentioned above, the CIS-based
nanoparticles may be prepared. As such, a process known in the art, for
example, a low-temperature colloidal process, a solvent heat synthesis
process, a microwave process, an ultrasonic synthesis process, etc., may be
applied.

Next, a CIS-based compound slurry including a chelating agent 1is
prepared (step 2).

This slurry is prepared by mixing the CIS-based compound nanoparticles
obtained in step 1 with a solvent and a chelating agent.

The solvent may be an alcoholic solvent such as methanol, ethanol,
pentanol, propanol, butanol, etc.

The chelating agent 1s inherently viscous and may thus be used as a
binder, thus obviating the need to use an additional binder.

Examples of the chelating agent may include MEA (monoethanolamine), DEA
(diethanolamine), TEA (triethanolamine), ethylenediamine, EDTA
(ethylenediaminetetraacetic acid), NITA (nitrilotriacetic acid), HEDTA
(hydroxyethylenediaminetetraacetic acid), GEDTA
(glycoletherdiaminetetraacetic acid), TTHA (triethylenetetraminehexacetic

acid), HIDA (hydroxyethyliminodiacetic acid), DHEG (dihydroxyethylglycine),
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etc., but are not limited thereto.

Any chelating agent may be used within the scope of the present
invention so long as it is a ligand able to form a chelate compound on the
surface of the CIS-based nanoparticles.

As such, the proportion of the CIS-based compound nanoparticles may be
adjusted to control the concentration of the slurry, and the proportion of
the chelating agent may be adjusted to control the degree of chelating.

The CIS-based compound nanoparticles and the chelating agent are mixed
with the solvent, and then well dissolved using ultrasonic treatment, thus
preparing the CIS-based compound slurry including the chelating agent.

Next, the CIS-based compound slurry including the chelating agent 1is
applied, thus forming a CIS-based compound thin film (step 3).

In the present invention, the CIS-based compound thin film is formed
using a non-vacuum coating process. The non-vacuum coating process may
include for example spraying, ultrasonic spraying, spin coating, doctor
blading, screen printing, ink-jet printing, etc., and any other non-vacuum
coating process may be applied so long as it is well known in the art. The
use of such a non—-vacuum coating process may decrease the manufacturing cost.

After applying the ClS-based slurry including the chelating agent under
non-vacuum conditions, drying may be additionally done in order to remove the
alcoholic solvent. The coating and drying procedures are repeated so as to
form a CIS-based compound thin film including the chelating agent at a
desired thickness. The number of repeating these procedures may vary
depending on the needs but is preferably set to 3 ~ 5.

The unshared electron pairs of the chelating agent are bound with Cu,
In, Ga on the surface of the nanoparticles thus forming a metal ion-chelating
agent complex. The chelate compound formed on the surface of the particles
may decrease the reactivity of the particles upon selenization at high
temperature, and thus may increase the crystallization temperature of the
particles.

Next, the CIS-based compound thin film including the chelating agent

formed in step 3 is thermally treated for selenization using Se vapor (step
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4).

Thermal treatment using Se vapor may be performed by increasing the
temperature of the substrate having the thin film while supplying Se vapor
formed by evaporating Se solid using heat. The chelate compound formed on
the surface of the particles decreases the reactivity of the particles, and
thus the crystallization of the particles may become slow and simultaneously
the viscous flow of the material may increase, thereby more effectively
filling the spaces between the particles, resulting in a CIS-based compound
thin film having high density.

Thereby, the precursor thin film after step 3 i1s selenized, so that the
structure of the thin film is finally densified, thus completing the CIS-
based compound thin film having high density according to the present
invention.

A better understanding of the present invention may be conducted via
the following example.

Example
In a glove box, 0.343 g of Cul and 0.991 g of Inl; were mixed with 30

md of a distilled pyridine solvent, after which the resultant mixture was
stirred for about 10 min on a hot plate at 50C. After stirring for about 10
min, the opaque solution was made transparent. The Cu/In mixture was mixed

with 0.5 g of Na,Se 1n 20 m¢ of distilled methanol, so as to correspond to the

atomic ratio of Cu : In : Se = 0.9 ¢ 1 : 2. Subsequently, the mixture of
methanol and pyridine was mechanically stirred in an ice bath at 0T and
reacted for 1 min thus synthesizing CIS nanoparticles. The synthesized CIS
colloid was centrifuged at 4000 rpm for about 30 min, treated with ultrasound
for 5 min and washed with distilled methanol, and such procedures were
repeated, thus completely removing by-products and pyridine from the product,
resulting in synthesized high-purity CIS compound nanoparticles.

0.3 g of the CIS compound nanoparticles thus synthesized and 0.3 g of a
chelating agent were mixed with 1.2 g of a methanol solvent, and then treated
with ultrasound for 30 min so that they were efficiency dispersed, thus

preparing a CIS compound slurry including the chelating agent.
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Thereafter, the CIS compound slurry including the chelating agent was
applied using spin coating (1000 rpm, 20 sec) on a soda-lime glass substrate
having a Mo thin film deposited thereon, and then subjected to two-stage
drying on a hot plate to remove the alcoholic solvent, including primary
drying at 100C for 3 min and secondary drying at 300C for 5 min.

Such coating and drying procedures were repeated five times, thus
forming a CIS compound slurry including the chelating agent at a
predetermined thickness, namely, a precursor thin film.

Finally, while Se vapor was supplied at a substrate temperature of 530
C, selenization was conducted for 30 min, thus completing a CIS compound
thin film having high density.

The SEM 1image of the surface of the CIS thin film thus manufactured is
shown in FIG. 1, and the output properties of a solar cell using such a CIS
thin film are graphed in FIG. 2.

As shown in FIG. 2, the energy conversion efficiency of the solar cell
using the CIS thin film obtained in the example according to the present
invention is 4.41%.

Comparative Example

CIS compound nanoparticles were prepared in the same manner as in the
above example, after which 0.3 g of the CIS compound nanoparticles and 0.3 g
of propyleneglycol were dissolved in 1.2 g of methanol, followed by
performing ultrasonic treatment for 30 min, thus obtaining a CIS compound
slurry.

Subsequently, the CIS compound slurry was applied using spin coating
(1000 rpm, 20 sec) on a soda-lime glass substrate having a Mo thin film
deposited thereon, and dried on a hot plate at 60C for 5 min and further
dried at 180T for 2 min to remove the alcoholic solvent and the binder.

Such coating and drying procedures were repeated five times, thus
forming a CIS compound thin film on the substrate.

Finally, while Se vapor was supplied at a substrate temperature of 530
C, selenization was performed.

The SEM image of the surface of the CIS compound thin film obtained in
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this comparative example 1s shown in FIG. 3.

The solar cell using the CIS thin film of this example did not exhibit
photoelectric conversion properties. This 1s because there occurs contact
between the conductive Al:ZnO film and the lower Mo thin film via the pores
of the CIS thin film as shown in FIG. 3. The contact between the upper and
lower conductive thin films and the short circuit thereby can be seen from
the dark current-voltage curve of FIG. 4.

With reference to FIGS. 1 and 3, the inner structure of the CIS thin
film according to the example of the present invention was comparatively
denser than that of the CIS thin film of the comparative example.
Specifically, the inner structure of the CIS thin film of the example had a
decreased pore size and a remarkably lowered number of pores thanks to the
growth of the particles.

Accordingly, it is recognized that the chelating agent is added to the
slurry that forms the thin film in the example, and thus the chelate compound
is formed on the surface of the particles so that the reactivity of the
particles may decrease, thereby delaying the crystallization of the particles
upon selenization and increasing the viscous flow of the material, resulting
in increased density.

When the surface of the precursor nanoparticles is modified using the
chelating agent in this way, the density of the CIS-based thin film may be
remarkably increased upon selenization compared to the conventional case.
That 1is, even when thermal treatment 1is performed at a temperature
comparatively lower than that of the conventional case, a CIS-based thin film
having a density similar thereto may be finally obtained. Therefore, the
method of manufacturing a high-density CIS-based thin film according to the
present invention can effectively reduce the process cost.

Although the preferred embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate
that various modifications, additions and substitutions are possible, without
departing from the scope and spirit of the invention as disclosed in the

accompanying claims.
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[CLAIMS]
[Claim 1}

A method of manufacturing a CIS-based compound thin film having high
density, comprising:

(1) preparing CIS-based compound nanoparticles;

(2) mixing the CIS-based compound nanoparticles, a chelating agent and
a solvent, thus preparing a CIS-based compound slurry;

(3) applying the CIS-based compound slurry, thus forming a CIS-based
compound thin film; and

(4) thermally treating the CIS-based compound thin film.

[Claim 2]

The method of claim 1, wherein the CIS-based compound nanoparticles are
CIS compound nanoparticles, CIGS compound nanoparticles or CZTS compound
nanoparticles.

[Claim 3]

The method of claim 1, wherein the chelating agent is any one selected
from among MEA (monoethanolamine), DEA (diethanolamine), TEA
(triethanolamine), ethylenediamine, EDTA (ethylenediaminetetraacetic acid),
NTA (nitrilotriacetic acid), HEDTA (hydroxyethylenediaminetetraacetic acid),
GEDTA (glycoletherdiaminetetraacetic acid), TTHA
(triethylenetetraminehexacetic acid), HIDA (hydroxyethyliminodiacetic acid)
and DHEG (dihydroxyethylglycine).

[Claim 4]
The method of claim 1, wherein the solvent is an alcoholic solvent.
[Claim 5]

The method of claim 4, wherein the alcoholic solvent includes any one

selected from among ethanol, methanol, pentanol, propanol and butanol.
[Claim 6]

The method of claim 1, wherein the slurry 1s prepared by means of

dispersion using ultrasound.
[Claim 7]

The method of claim 1, wherein the CIS-based compound thin film is
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formed using a non-vacuum coating process.
[Claim 8]

The method of claim 7, wherein the non-vacuum coating process is any
one selected from among spraying, ultrasonic spraying, spin coating, doctor
blading, screen printing and ink—jet printing.

[Claim 9]

The method of claim 1, wherein in (3) drying is additionally performed

after applying the CIS-based compound thin film.
[Claim 10]

The method of claim 9, wherein in (3) applying and drying the CIS-based

thin film are sequentially repeated a plurality of times.
[Claim 11]

The method of claim 1, wherein (4) is performed by carrying out thermal

treatment while supplying Se vapor.
[Claim 12]

The method of claim 11, wherein the thermal treatment is performed at a
temperature of a substrate having the CIS-based compound thin film of 400 ~
530C.

[Claim 13]

A CIS-based compound thin film having high density, suitable for use as
a light absorption layer of a solar cell, wherein the CIS-based compound thin
film has a dense structure as a result of growing CIS-based compound
nanoparticles using a chelating agent.

[Claim 14]

The CIS-based compound thin film of claim 13, wherein the CIS-based
compound nanoparticles are CIS compound nanoparticles, CIGS compound
nanoparticles or CZTS compound nanoparticles.

[Claim 15])

The CIS-based compound thin film of claim 13, wherein the chelating
agent is any one selected from among MEA (monoethanolamine), DEA
(diethanolamine), TEA (triethanolamine), ethylenediamine, EDTA
(ethylenediaminetetraacetic acid), NTA (nitrilotriacetic acid), HEDTA
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(hydroxyethylenediaminetetraacetic acid), GEDTA
(glycoletherdiaminetetraacetic acid), TTHA (triethylenetetraminehexacetic
acid), HIDA (hydroxyethyliminodiacetic acid) and DHEG
(dihydroxyethylglycine).
[Claim 16]
A solar cell comprising the CIS-based compound thin film of any one of

claims 13 to 15.
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