
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/069998 Al
16 May 2013 (16.05.2013) P O P C T

(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
H01L 31/042 (2006.01) H01L 31/18 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

PCT/KR20 12/009424 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(22) International Filing Date: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,

8 November 2012 (08.1 1.2012) SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English
(84) Designated States (unless otherwise indicated, for every

(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,

(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

10-201 1-01 17927 UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

11 November 201 1 ( 11. 11.201 1) KR TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(71) Applicant: LG INNOTEK CO., LTD. [KR/KR]; Seoul MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Square, 541, Namdaemunno 5-ga, Jung-gu, Seoul 100-714 TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(KR). ML, MR, NE, SN, TD, TG).

(72) Inventor: PARK, Gi Gon; Seoul Square, 541,Nam Published:
daemunno 5-ga, Jung-gu, Seoul 100-714 (KR).

— with international search report (Art. 21(3))
(74) Agent: SEO, Kyo Jun; 9th Fl. Hyun Juk Bldg., 832- — before the expiration of the time limit for amending the

41,Yeoksam-dong, Gangnam-gu, Seoul 135-080 (KR). claims and to be republished in the event of receipt of
(81) Designated States (unless otherwise indicated, for every amendments (Rule 48.2(h))

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(54) Title: SOLAR CELL AND METHOD OF FABRICATING THE SAME

-600

-500

-400
- + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + +
- + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + -300
- + + + + + + + + + + + + + + + + +

00 / / / / / / / / / / -200

-100
©

(57) Abstract: Disclosed are a solar cell and a method of fabricating the same. The solar cell includes a back electrode layer on ao support substrate, a light absorbing layer on the back electrode layer, a buffer layer on the light absorbing layer, and a front electrode
layer on the buffer layer.



Description
Title of Invention: SOLAR CELL AND METHOD OF FAB¬

RICATING THE SAME

Technical Field
[1] The embodiment relates to a solar cell and a method of fabricating the same.

Background Art
[2] Solar cells may be defined as devices to convert light energy into electric energy

through a photovoltaic effect of generating electrons when light is incident onto a P-N

junction diode. The solar cell may be classified into a silicon solar cell, a compound

semiconductor solar cell mainly including a group I-III-VI compound or a group III-V

compound, a dye-sensitized solar cell, and an organic solar cell according to materials

constituting the junction diode.

[3] A solar cell made from CIGS (CuInGaSe), which is one of group I-III-VI chal-

copyrite-based compound semiconductors, represents superior light absorption, higher

photoelectric conversion efficiency with a thin thickness, and superior electro-optic

stability, so the CIGS solar cell is spotlighted as a substitute for a conventional silicon

solar cell.

[4] In general, a conventional CIGS thin film solar cell has the structure of soda line

glass/ Mo/CIGS/CdS (ZnS)/ZnO/ITO/Al. In the above structure, the CdS layer serves

as a buffer layer to minimize the damage of the CIGS layer when the ZnO layer is

deposited through the sputtering process, and to reduce the difference in the lattice

constant and the bandgap between the CIGS layer and the ZnO layer, thereby in

creasing the efficiency of the CIGS thin film solar cell.

[5] However, Cd has severe toxicity and represents a lower bandgap of 2.4 eV so that the

light absorption is reduced in the CIGS layer. Accordingly, a novel buffer layer to be

substituted for the CdS has been required. Alternatively, materials such as ZnS, Zn(0,

S, OH), (Zn, Mg)0, and In2S3 have been studied. However, the ZnS has the high

bandgap of about 3.7 eV.

Disclosure of Invention

Technical Problem
[6] The embodiment provides a solar cell having improved photoelectric conversion ef

ficiency and a method of fabricating the same.

Solution to Problem
[7] According to the embodiment, there is provided a solar cell including a back

electrode layer on a support substrate, a light absorbing layer on the back electrode

layer, a buffer layer on the light absorbing layer, and a front electrode layer on the



buffer layer. The buffer layer has bandgap energy gradually reduced toward a bottom

surface thereof.

[8] According to the embodiment, there is provided a method of fabricating a solar cell

including forming a back electrode layer on a support substrate, forming a light

absorbing layer on the back electrode layer, forming a buffer layer on the light

absorbing layer, and forming a front electrode layer on the buffer layer. The buffer

layer has bandgap energy gradually reduced toward a bottom surface thereof.

Advantageous Effects of Invention
[9] As described above, according to the embodiment, the solar cell includes the buffer

layer having bandgap energy that is gradually varied. Accordingly, the solar cell

according to the embodiment can easily transfer electrons and/or holes formed by the

external solar light to the back electrode layer and the front electrode layer, so that

improved power generation efficiency can be represented. In addition, since the buffer

layer according to the embodiment has bandgap higher than that of a conventional

buffer layer, the transmittance of the solar light can be improved.

Brief Description of Drawings
[10] FIG. 1 is a sectional view showing a solar cell according to the first embodiment;

[11] FIG. 2 is a graph showing the bandgap energy of each layer according to the first em

bodiment;

[12] FIG. 3 is a graph showing the variation in the bandgap energy of the buffer layer

according to the contents of oxygen (O) and sulfur (S);

[13] FIG. 4 is a graph showing the content of sulfur (S) in the buffer layer according to

the first embodiment;

[14] FIG. 5 is a sectional view showing the solar cell according to the second em

bodiment; and

[15] FIGS. 6 to 10 are sectional views showing a method of fabricating the solar cell

according to the embodiment.

Mode for the Invention
[16] 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 "under" another substrate,

another layer, another film, or another electrode, it can be "directly" or "indirectly" on

the other substrate, the other layer, the other film, or the other electrode, or one or more

intervening layers may also be present. Such a position of each component has been

described with reference to the drawings. The thickness and size of each component

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.



[17] The term "HOMO (The Highest Occupied Molecular Orbital) level" used in the

disclosed refers to the highest energy level of a valance band. The term "LUMO (The

Lowest Occupied Molecular Orbital) level" used in the disclosed refers to the lowest

energy level of a conduction band. The term "bandgap" used in the disclosed refers to

the difference between HOMO level energy and LUMO level energy.

[18] FIG. 1 is a sectional view showing a solar cell according to the first embodiment.

Referring to FIG. 1, the solar cell according to the embodiment includes a support

substrate 100, a back electrode layer 200, a light absorbing layer 300, a buffer layer

400, a high resistance buffer layer 500, and a front electrode layer 600.

[19] 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 front electrode layer 600.

[20] The support substrate 100 may include an insulator. The support substrate 100 may

include a glass substrate, a plastic substrate, or a metallic substrate. In more detail, the

support substrate 100 may include a soda lime glass substrate.

[21] The support substrate 100 may be rigid or flexible. In more detail, the support

substrate 100 may be a flexible substrate. For example, the support substrate 100 may

include polymer having flexibility. The front electrode layer 600 of the solar cell

according to the embodiment not only represents a superior mechanical characteristic,

but superior flexibility. If the substrate 100 includes a flexible material, the solar cell

according to the embodiment may be easily used in a region requiring the flexible

characteristic.

[22] The back electrode layer 200 is provided on the support substrate 100. The back

electrode layer 200 is a conductive layer. The back electrode layer 200 may include

one selected from the group consisting of molybdenum (Mo), gold (Au), aluminum

(Al), chrome (Cr), tungsten (W), and copper (Cu). Among them, Mo represents a less

thermal expansion coefficient difference from the support substrate 100 as compared

with that of another element, so that Mo has a superior adhesive strength to prevent de-

lamination from the support substrate 100.

[23] The light absorbing layer 300 is provided on the back electrode layer 200. The light

absorbing layer 300 includes a group I-III-VI compound. For example, the light

absorbing layer 300 may have a Cu(In,Ga)Se 2 (CIGS) crystal structure, a Cu(In)Se 2

crystal structure, or a Cu(Ga)Se 2 crystal structure. The light absorbing layer 300 has an

energy bandgap in the range of about leV to about 1.8eV, but the embodiment is not

limited thereto.

[24] The buffer layer 400 is provided on the light absorbing layer 300. The thickness of

the buffer layer 400 may be in the range of about 15 nm to about 70 nm, but the em

bodiment is not limited thereto. The buffer layer 400 may be represented through



following chemical equation 1.

[25] [Chemical Equation 1]

[26] Zn0
1-

Sx (0.2< X <0.8)

[27] In addition, the bandgap energy of the buffer layer 400 may have the value of about

2.83 eV to about 3.3 eV. Accordingly, the buffer layer 400 according to the em

bodiment may have the bandgap energy (about 2.2 eV to about 2.4 eV) greater than

that of the conventional buffer layer, and the transmittance of the buffer layer 400 may

be improved.

[28] The bandgap energy of the buffer layer 40 may be gradually aligned according to the

internal positions of the buffer layer 40. In more detail, the bandgap energy of the

buffer layer 40 may be gradually reduced from the interfacial surface between the

buffer layer 400 and the front electrode layer 600 toward the interfacial surface

between the buffer layer 400 and the light absorbing layer 300. For example, the

bandgap energy of the buffer layer 400 is about 3.3eV at the interfacial surface

between the buffer layer 400 and the front electrode layer 600. The bandgap energy of

the buffer layer 400 is gradually reduced toward the light absorbing layer 300, so that

the bandgap energy of the buffer layer 400 may represent the value of about 2.8 eV at

the interfacial surface between the buffer layer 400 and the light absorbing layer 300,

but the embodiment is not limited thereto.

[29] Referring to FIG. 2, the bandgap energy of the buffer layer 400 is less than the

bandgap energy of the front electrode layer 600, and greater than the bandgap energy

of the light absorbing layer 300. For example, when the bandgap energy of the buffer

layer 400, the bandgap energy of the front electrode layer 600, and the bandgap energy

of the light absorbing layer 300 are the second bandgap energy, the first bandgap

energy, and the third bandgap energy, respectively, the second bandgap energy is

greater than the third bandgap energy, and lower than the first bandgap energy.

[30] In other words, the bandgap energy of the buffer layer 400 according to the em

bodiment has an intermediate value between the bandgap energies of the front

electrode layer 600 and the light absorbing layer 300. The bandgap energy is gradually

reduced from the front electrode layer 600 to the light absorbing layer 300. A c

cordingly, the solar cell according to the embodiment has the buffer layer 400 having

the sequential potential barrier. Therefore, in the solar cell according to the em

bodiment, the electrons and/or holes formed by the solar light can be easily transferred

to the back electrode layer 200 and the front electrode layer 600 and can represent

improved power generation efficiency.

[31] According to the solar cell of the embodiment, the buffer layer 400 having the se

quential bandgap energy levels may be fabricated by adjusting the contents of oxygen

and sulfur in the buffer layer 400. FIGS. 3 and 4 are graphs showing the variation in



the bandgap energy of the buffer layer 400 according to the contents of the oxygen and

sulfur.

[32] According to the embodiment, the content of the sulfur in the buffer layer 400 may

be increased from the interfacial surface between the buffer layer 400 and the front

electrode layer 600 toward the interfacial surface between the buffer layer 400 and the

light absorbing layer 300. For example, as the content of the sulfur (value of X) is

gradually increased from about 0.2 toward about 0.5 in chemical equation 1 (see a of

FIG. 4), the content of the oxygen may be gradually reduced from about 0.8 toward

about 0.5. Therefore, the bandgap energy of the buffer layer 400 may be gradually

reduced from the interfacial surface between the buffer layer 400 and the front

electrode layer 600 toward the interfacial surface between the buffer layer 400 and the

light absorbing layer 300.

[33] According to another embodiment, the content of the sulfur in the buffer layer 400

may be gradually reduced from the interfacial surface between the buffer layer 400 and

the front electrode layer 600 toward the interfacial surface between the buffer layer

400 and the light absorbing layer 300. For example, in Chemical Equation 1, as the

content of the sulfur (the value of X) is reduced from about 0.8 to about 0.5 (see b of

FIG. 4), the content of the oxygen may be gradually increased from about 0.2 to about

0.5. Therefore, the bandgap energy of the buffer layer 400 may be gradually reduced

from the interfacial surface between the buffer layer 400 and the front electrode layer

600 toward the interfacial surface between the buffer layer 400 and the light absorbing

layer 300.

[34] Meanwhile, only the buffer layer 400 provided in the form of a single layer has been

described, but the embodiment is not limited thereto. In other words, the buffer layer

400 according to the embodiment may include a plurality of buffer layers. For

example, the buffer layer 400 may include a first buffer layer provided on the light

absorbing layer 300 and a second buffer layer provided on the first buffer layer. In this

case, the bandgap energy of the second buffer layer is greater than the bandgap energy

of the first buffer layer, and the bandgap energies of the second buffer layer and the

first buffer layer may have sequential values.

[35] The high resistance buffer layer 500 is provided on the buffer layer 400. The high re

sistance 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, but the embodiment is not limited thereto. In addition, the

high resistance buffer layer 500 may be omitted.

[36] The front electrode layer 600 may be provided on the light absorbing layer 300. For

example, the front electrode layer 600 may directly make contact with the high re

sistance buffer layer 500 formed on the light absorbing layer 300.



[37] The front electrode layer 600 may include a transmissive conductive material. In

addition, the front electrode layer 600 may have the characteristic of the N type semi

conductor. In this case, the front electrode layer 600 may form an N type semi

conductor layer together with the buffer layer 400 to form a PN junction with the light

absorbing layer 300 which is a P type semiconductor layer. For example, the front

electrode layer 600 may include Al-doped zinc oxide (AZO). The front electrode layer

600 may have a thickness of about 100 nm to about 500 nm.

[38] FIG. 5 is a sectional view showing a solar cell according to a second embodiment.

Referring to FIG. 5, the solar cell according to the second embodiment includes a first

buffer layer 410 provided on the light absorbing layer 300 and a second buffer layer

420 provided on the first buffer layer 410. The bandgap energy of the second buffer

layer 420 is greater than that of the first buffer layer 410, and the second buffer layer

420 may be expressed by following chemical equation 1. In addition, as described in

the first embodiment, the bandgap energy of the second buffer layer 420 may be

gradually reduced from the interfacial surface between the second buffer layer 420 and

the front electrode layer 600 toward the interfacial surface between the second buffer

layer 420 and the first buffer layer 410.

[39] [Chemical Equation 1]

[40] ZnOi_x Sx (0.2< X <0.8)

[41] As described above, the first buffer layer 410 has the bandgap energy value smaller

than that of the second buffer layer 420. For example, the bandgap energy of the first

buffer layer 410 may be less than about 2.83 eV. In more detail, the first buffer layer

410 may have the bandgap energy of about 2.0 eV to about 2.83 eV, but the em

bodiment is not limited thereto.

[42] The first buffer layer 410 may include a cadmium sulfide (CdS) layer. The CdS layer

may have a thickness of about 1 nm to about 10 nm, so that the toxicity of CdS can be

minimized. In addition, when forming the cadmium sulfide (CdS) layer, a part of

cadmium ions (Cd2+ ) may be diffused into the light absorbing layer 300. In other

words, the cadmium ions (Cd2+ ) may be diffused into copper (Cu) vacancies formed in

the light absorbing layer 300. Accordingly, the cadmium ions (Cd2+ ) may be provided

in the vicinity of the surface of the light absorbing layer 300. As the cadmium ions (Cd
2+ ) may be diffused into a copper (Cu) vacancy formed in the light absorbing layer

300, the defect of the light absorbing layer 300 may be removed, and the efficiency of

the light absorbing layer 300 may be increased.

[43] In addition, a third buffer layer 430 may be additionally interposed between the first

and second buffer layers 410 and 440. For example, the third buffer layer 430 may

include a CdZnS layer. In other words, parts of the first and second buffer layers 410

and 420 react to each other to form the CdZnS layer, so that the bandgap energy can be



easily aligned.

[44] FIGS. 6 to 10 are sectional views showing the method of fabricating the solar cell

according to the embodiment. Hereinafter, the description of the present method of

fabricating the solar cell will be made by making reference to the above description of

the solar cell.

[45] Referring to FIG. 6, a back electrode layer 200 is formed on the support substrate

100. The back electrode layer 200 may be formed through a physical vapor deposition

(PVD) scheme or a plating scheme.

[46] Thereafter, referring to FIG. 7, the light absorbing layer 300 is formed on the back

electrode layer 200. For example, the light absorbing layer 300 may be formed through

various schemes such as a scheme of forming a Cu(In,Ga)Se 2 (CIGS) based light

absorbing layer 300 by simultaneously or separately evaporating Cu, In, Ga, and Se

and a scheme of performing a selenization process after a metallic precursor layer has

been formed.

[47] Regarding the details of the selenization process after the formation of the metallic

precursor layer, the metallic precursor layer is formed on the back electrode layer 200

through a sputtering process employing a Cu target, an In target, or a Ga target.

Thereafter, the metallic precursor layer is subject to the selenization process so that the

Cu (In, Ga) Se2 (CIGS) based light absorbing layer 300 is formed.

[48] In addition, the sputtering process employing the Cu target, the In target, and the Ga

target and the selenization process may be simultaneously performed.

[49] Alternatively, a CIS or a CIG based light absorbing layer 300 may be formed through

the sputtering process employing only Cu and In targets or only Cu and Ga targets and

the selenization process.

[50] Thereafter, referring to FIG. 8, the buffer layer 400 is formed on the light absorbing

layer 300. The buffer layer 400 may be formed through various schemes of fabricating

a buffer layer of a solar cell, which have been generally known to those skilled in the

art. For example, the buffer layer 400 may be formed through one selected from among

sputtering, evaporation, chemical vapor deposition (CVD), metal organic chemical

vapor deposition (MOCVD), close-spaced sublimation (CSS), spray pyrolysis,

chemical spraying, screen printing, vacuum-free liquid-phase film deposition,

chemical-bath deposition (CBD), vapor transport deposition (VTD), atomic layer de

position (ALD), and electro-deposition schemes. In more detail, the buffer layer 400

may be fabricated through the CBD scheme, an ALD scheme, or an MOCVD scheme.

[51] According to one embodiment, the buffer layer 400 may be formed through the

following CBD scheme. As the sources of zinc (Zn) and sulfur (S), zinc sulfuric acid

(ZnSO), and thiurea (SC(NH2)2) , which have the aqueous solution state, are used, and

ammonia (NH3) is used as a complex compound and a pH control agent. In addition, to



accelerate the production of zinc ions in the reaction solution, a proper amount of a hy-

drozinehydrate solution may be added. In other words, in order to grow a ZnS thin

film, aqueous-solution-state reagents, that is, zinc sulfuric acid (ZnSO), ammonia (NH3

), hydrozinehydrate, and thiurea (SC(NH 2)2), are sequentially added in a reaction vessel

having a proper amount of deionized water therein. In this case, the temperature of the

support substrate 100 having the light absorbing layer 300 can be adjusted to the tem

perature of about 50°C to about 90°C by using the heater installed in the reaction

vessel.

[52] In addition, the buffer layer 400 having the sequential bandgap energy can be formed

by adjusting the reaction temperature at two steps or more. For example, the reaction

of oxygen (O) is mainly performed under the temperature condition of about 50°C to

about 60°C, and the reaction of sulfur (S) is mainly performed under the temperature

condition of about 70°C to about 90°C, so that the buffer layer 400 having the se

quential bandgap energy can be fabricated.

[53] According to another embodiment, when the buffer layer 400 is fabricated by using

an ALD scheme or an MOCVD scheme, the bandgap energy of the buffer layer 400

can be gradually adjusted by adjusting the partial pressure of the reaction gas.

[54] Referring to FIGS. 9 and 10, a high resistance buffer layer 500 is sequentially formed

on the buffer layer 400. The high resistance buffer layer 500 may be formed on the

buffer layer 400 by depositing zinc oxide through a sputtering process. In addition, the

front electrode layer 600 may be formed through an RF sputtering scheme using a ZnO

target, a reactive sputtering scheme using a Zn target, and a MOCVD scheme.

[55] Any reference in this specification to "one embodiment," "an embodiment,"

"example embodiment," etc., means that a particular feature, structure, or characteristic

described in connection with the embodiment is included in at least one embodiment of

the invention. The appearances of such phrases in various places in the specification

are not necessarily all referring to the same embodiment. Further, when a particular

feature, structure, or characteristic is described in connection with any embodiment, it

is submitted that it is within the purview of one skilled in the art to effect such feature,

structure, or characteristic in connection with other ones of the embodiments.

[56] Although embodiments have been described with reference to a number of i l

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 comprising:

a back electrode layer on a support substrate;

a light absorbing layer on the back electrode layer;

a buffer layer on the light absorbing layer; and

a front electrode layer on the buffer layer,

wherein the buffer layer has bandgap energy gradually reduced toward

a bottom surface thereof.

The solar cell of claim 1, wherein the buffer layer is expressed by

following chemical equation 1,

Chemical Equation 1

ZnCvx Sx (0.2< X <0.8).

The solar cell of claim 1, wherein the bandgap energy of the buffer

layer is gradually reduced from an interfacial surface between the

buffer layer and the front electrode layer toward an interfacial surface

between the buffer layer and the light absorbing layer.

The solar cell of claim 3, wherein the bandgap energy of the buffer

layer is in a range of 2.83 eV to 3.3 eV.

The solar cell of claim 2, wherein a content of the sulfur (S) is varied

according to positions in the buffer layer.

The solar cell of claim 5, wherein the content of the sulfur (S) is

reduced from 0.8 to 0.5 toward the bottom surface of the buffer layer.

The solar cell of claim 5, wherein the content of the sulfur (S) is

increased from 0.2 to 0.5 toward the bottom surface of the buffer layer.

The solar cell of claim 1, wherein the buffer layer comprises a first

buffer layer on the light absorbing layer and a second buffer layer on

the first buffer layer, and bandgap energy of the second buffer layer is

higher than bandgap energy of the first buffer layer.

The solar cell of claim 1, wherein the bandgap energy of the buffer

layer is higher than bandgap energy of the light absorbing layer, and

lower than bandgap energy of the front electrode layer.

The solar cell of claim 1, wherein the buffer layer has a thickness in a

range of 15 nm to 70 nm.

The solar cell of claim 8, wherein the first buffer layer comprises a

cadmium sulfide (CdS) layer, and the second buffer layer is expressed

by following Chemical Equation 1,

Chemical Equation 1
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Zn0
1-

Sx (0.2< X <0.8).

The solar cell of claim 11, wherein cadmium ions (Cd2+) of cadmium

sulfide (CdS) are diffused into copper (Cu) vacancies provided at a

portion of the light absorbing layer making contact with the first buffer

layer.

The solar cell of claim 11, wherein the buffer layer further comprises a

third buffer layer formed through reaction of the first and second buffer

layers while being interposed between the first and second buffer

layers, and the third buffer layer comprises a CdZnS layer.

A method of fabricating a solar cell, the method comprising:

forming a back electrode layer on a support substrate;

forming a light absorbing layer on the back electrode layer;

forming a buffer layer on the light absorbing layer; and

forming a front electrode layer on the buffer layer,

wherein the buffer layer has bandgap energy gradually reduced toward

a bottom surface thereof.

The method of claim 14, wherein the buffer layer is expressed by

following chemical equation 1,

Chemical Equation 1

The method of claim 14, wherein, in the forming of the buffer layer, the

bandgap energy of the buffer layer is reduced from an interfacial

surface between the buffer layer and the front electrode layer toward an

interfacial surface between the buffer layer and the light absorbing

layer.

The method of claim 14, wherein the buffer layer is formed through

one selected from among from among chemicalbath deposition (CBD),

atomic layer deposition (ALD), metal organic chemical vapor de

position (MOCVD), sputtering, evaporation, and electro-deposition

schemes.
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