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(57) Abstract: The present invention relates to a
CIS/CGS/CIGS thin film manufacturing method
and a solar cell manufactured by using the same.
The present invention manufactures a CIS thin
film, a CGS thin film, and a CIGS thin film by
depositing an electrode layer on an upper part of
a substrate, depositing a light-absorbing layer on
an upper part of the electrode layer by imple-
menting a sputtering process using a CIS single
target containing Cu, In and Se and a CGS
single target containing Cu, Ga and Se, and is
capable of manufacturing a solar cell having ex-

Sl

S2

A EZE AR CIS(CulnSe2)$ CGS(CuGaSe?) ZHz+e)
tddetde g2 AHEP Adstd FE-5 T3

cellent structural, optical, and electrical proper-
ties by using the same. Thus, the present inven-
tion can simplify a manufacturing process, can
manufacture a thin film having various proper-

81 ... Prepare substrate
S2 ... Deposit electrode layer on upper part of substrate
83 ... Deposit light-absorbing layer on upper part of

Z S3
electrode layer by implementing sputtering process
using each single target of CIS(CuInSez) and CGS(CuGaSez)

ties according to a control for an (In, Ga) com-
bination ratio, and has the advantage of being
economical and by depositing CIG, CGS, and
CIGS light-absorbing layers through only one
sputtering process using each single target of
CIS(CulnSe;) and CGS(CuGaSe;) to manufac-
ture the thin film.
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[68] 2}7] CulnSe2 2 24 ¥ TA B (1402)S ©] &3 238 3 229 &
TR O AZFE B oubgol o3k CIS o] AMES = 40 =AY U

[69] = 4of] =A]H Hle} 7ho) Bk of] w2 CIS W) A 2 O 2 A 2 CIS
nlulo wlulk AAlol| whel A3 FAE 711 S & 5 Ak o7 A, (a) A

-1 ‘ﬂ’ =
20 7 2k 7| a7 Abol o] Al sk AP Al 5 o] uhutke] A7k 27 A
=] 7

h = 71
o}, o) Zhzhe] uhure nlw B g wa 2 Ao F4E 20 Felat 4
o}

[70] 5 E 0 Woubwo) whE OIS BFeF A 2 HhE o 2 A 2 IS Hhake]
off w2 32 R DJES_ %2 Yl SEM LH o]t} o] 7] A, whulo)
1.54m), d(1.24m), (0. 7um) £(0.5m) % 3} S T
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fr X 48 ol Mo o

[72] 62 Fxehd, B
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=
1o
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i
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X,
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[\®]
=
=
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: o
ro,
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o
=

[73] =7 LHZ] T 9= lé - of] w2 CIS B A & HE

[74] 574 CIS E‘HM Zao e PetA BEA eEE uw, spas
914 (wavelength), Al 3= 57} & (transmittance)S LFEFI T,

[75] 7S s, gy wh CIS Hhe Al o= Al CIS M
2.5um ©173-2] F71E A| 2] 33l o 1200~1300nme] g ol A A ] F5
) A (peak) 7} e 2S¢ 9T o] = ek WA ou A 2 sbel e

] 2F0.97~1.04eV gL 5 A= 3} %’;g-% A A8 vhaba) SALEE BEA] S 7],
A EFA (1402 - 712 31 A A 3 F A 7 0] g w) ) - 58 542
7};(]1: 7/&01 g ol = ohq_

[76] 2.5um ©]42] A& 71HA]

(771 371 =7 2 e ekl FaEA S o] 8-8ko] hvell B (ahv), kS
2 2 ¥ (plotting) 31, & 83} 7+-& e M=) B4 )2 el 4 9l
[78] %85 1, 2.5um 03] T & 71HA = CIS Hhaboll Al 1= 0.96~1.05eV 7L<
7HA = kA e S ekl 5= vk 2.5m et 4.2um A 9] CIS Y- &
6ol A BI0] 7)ol tidk T} | Yol B4 £8 Ealy = W] o]
LHEFUA] 947 Wl ol] s A S ekl = QIAIRE, 2um o] 1] Al & THA] =
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[79]

[80]

[81]

[82]

[83]
[84]

[85]

[86]

[87]

[88]

CIS ¥HotE-2 A sl T glo] Faha] m= o] =7 Welelx] o= o+ E
S4E BAFE S L F S

CIS Wrefo] 33-8FA] 1) = 20 (a=[In(1/T))/t; T=5F 3 52, t="1 215 7]) & vhat o] 127
Q ol 2] (Cu), 1 EF(In) 2 Al (Se)2] 21| o]| wha} ¥ 3}sk <= Qi)

ubebA, gl 2 E Y BANES ARG ske] FEE o] H 4 9] v
ZA3 gt o7 b E 20 5L kel obA ¢l 3

T T —

545 7HA = CIS Wik Al 28 4= Qi
9= CIS et gk E Rl o] 1A gL gkt PLg S oko] A & vE
TAE A A CIS wheke] v A A, vA A A, % secondary phases&

(0]

gelstd, dvtA o2 WA A EA4JS 7HA] = CIS #Hte] -5 173cm-1 ol A
bty g7 A2 E | 2F 9~ 10em! 9 ‘?}7}%(FWHM) e 7R 0.5um~4.2m
wkuk 27 o] IS Hhuke] 73§~ 2} 7HA] 3L E (Roman shift)y= 173~174cm! @] 34
HojEom Hh7p42 8~11cm-1%)cg LERF AT o] = @ CIS 22T B &
ANkE AL-&sko] Al 2bd & ‘Mu T dEgg EALS
ol T o 55549 %‘ﬁﬂ
AR A 0 2 At A ¢kal §- 3t

2um o2l Wkt A = 7HA] = CIS
T Aol ghoteF A o & BolA Tl
CuxSe:260cm )7} ¥ 2H 5] 1 T,

108 Bk o) whE 1S o] XRD H-A4 A 3E Yk = e o))

10 F&shd, 2 kg of] w2 CIS 2, &% - (chalcopyrite) -2 &
LR = (103), (211) B4 9] Z 71 0.5um~4.2m BF A Bl A 8kel ] 9l T
T2 (Cw)- A F(Se)°) 1 21 F(In)- 2 F(Se) 3 -2 273 77 (binary) J- 3} #& 4
A A= A E X gk o, o)1= 2} (Roman) H] o] E] £} v] 1l F-43 &k uj CIS HHt
o] o] of v} & Afo] WA X %2 A A ﬂ”%‘i’%"ﬁ% o = ST

%3k, 2 theta(0) ' Y (20~80deg.)ol| A Sl H e
374 3] 71{(112),(220),(312),(400),(332) } = 2% &5 H(chalcopyrite) T-Z2WHS
74 = EA ) Ao, 24 WA 2 o] Fo] X 9] A (phase) o] Y 4 o} 91 3% (sphalerite)
TZE 7HA = 9 A XA A S A E A gkt

LL};;}H R | /\an?ﬂ gl A qke-

N
[Elg=tN= Xﬂ&’cg—v(_)‘i/yﬂ Al Q_ wuxé L g_-a}

O

_1
_1

o

BN
oX,
o
B
A
rir
A
oX,
&
K

(OVC phase : 184cm !,

i) ° 3l T4l
AA W T SR A v el e 5 Qo] IS whute] TS 2 skl
Sgeg) T2, %}M =48 2 & 5 2128 ok 5 A

_Q.OE A}

T — P O
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TFA E o) vk what £ 2 A X S A 2 H Qi) o5 Z+zhe] Wkt o 3
T4, T, A7 S-S el A7 A b 12 WA 218
L ER A
[89] 12+ 2 g o] A A ool whet S 2 CGS B (130) 2] MR -7 o]
2 2] (Cu), 2 (Ga) X A #(Se)d] 242 EDS(Energy Dispersive
Spectroscopy) & & 5} A1 gk A& YRl = e ol
[90] T 129 2 E FZEHE, 7-8(Cu), ZE(Ga) 2 A& (Se) DA7F K, shell &
Hold u) 717} 8.047,9.254 H 11.222 keV 2] ol U A] gk 2t 218 gelahglu).
o= ~AHE Y A E B dAFAHORELE CFl B} (140b) 2] 4] o]
g A o 2w S on| ),
[91] E13E X 145 2 Ey Oﬂ w}i CGS ¥ AlzuhH o 2 A 2% CGS HHho
Aol W bl 2l 32 2 eI = SEM R o]t} o 7] 4], vhule]
7= a(2.24m), b(l. 7um> c(l 2m), d(0.8m), e(0.64m), £(0.3m) = 3G T},
[92] Bk o] w2 CGS W A 2P 0 2 A 2 H CGS Mk whako] B o]
e} 52139 (a) WA (ol vERdA vk} o), 7]3ak3t w9 H o) 4] 5
e 5A4S HdS 4 dvh
[93] gk ko] S ol whek & 149 (a) WA (Holl YEkd o} 22 32 54
S o} = glt}. whuto] ¥ ARV = T4 7Y, FA o, FA A7t
o] A, FA 7k, 71 21 ol whet mstE w & A o]
ZoNA Azd Bk 2%k CGS B = 142 (a)oll A (£)71A4] 2]

At o
>
o
N
s
o

ox oX
o
N
N
™
By

[94] g}tk o] 24 H|(CuGaSe,) = 714+ CGS &~ B & B}l S 0] &-3}0]
] a2 1

g ;q]v;]l_}\] CGS H]—tﬂ-/] 73243 37]94_1:]]—131- J\_JL_%‘CL] %
A7t AAG5 F7Fske= 4 dF= vER AT

g

o

e

o2 oX
lrﬂ N

T e

o] W& CGS v A 2 07 A 29 CGS HHFe] A o
2 Yehl = O 22, 725 3 (wavelength) S, Al 2+
I} (transmittance)< 2+2+ L EFA T
[96] 5 1500 vrERd CGS MrHre] it B4 1o, oF 0.3um WA 2.2um e
FABALE 7R (a) WA () 2] CGS ¥k Al Aol o 3 A 2F 700~800nm ]
g ol A #H 20 FrI A(peak)E 7S & AT o) &= FEHA =AY
of L A] 2 SHAFES W] o 1.55~1.77eV o], LuE=
H]—tﬂ-/] Ja}ﬁl-ﬂ HH = 713 oﬂq;q 7} 1. 6eV°] S B
HolEs ok 3l
[97] %%E}d(mb)%g 7FA 3 - 5Fek
°

[95]

all
It
_g

i}
_1__,:__

)
0105'

[—

=
< 7}
[98] T 162 £ gl W2 CGS vt Al 2T
) = 7]3



10

WO 2014/042319 PCT/KR2012/011452

[99] %160 YERd 28 = = 1500 vERA CGS HHERe] Fak 54 S o] &35 o]
hvoll W2 (ahv)2 kS 2 28 (plotting) &F 21 0], 0.3ume] ¥t 74| & 714 +=
AEE A QT BE A Zol tate] LeeV #H-& 7FA = 43H4] =S gelst
T U RF 2HH g U o] &3to] b =¥ E o Bl o 2wt F2H CGS
whako] Fohd B2 7] gt Al 34 S A X = ket v) sk
Hojd 548 el s & 5 v

[100] =3, CGS DJ%JEW-% 0] St ~HEH T T AHA L

!

il

o

H
)

=1},

[101] X172 2 2o M2 CGS ¥ Al 2 o2 A2 H CGS BHHHe)
RS S Vel e ol

[102] %179 vEbd s Eﬂd, g ul pLE E3lo] F7) AALE 7} A= CGS
ko] e A, thAA A S secondary phasesZ &1 &}tk AWk o =
HAA EAS 7FA = CGS o] 9 A EE(186cm ), B, =(273cem ) ol A 2]
ehet 9] A (peak)E 7F T CGS DL B & o] &-38F0] 0.3um~2.2m 2He} 577 2
Az CGS o] 4 5= Aol thal]l ABELE oA A 2kh
2} A] 3 E (Raman shift) 4k 74|, o] = @< CGS 2HE ¥ E}AIvHS
Ab&3to] Alxd FE&d vhte] e A A 548 e

[103] 538k, 7]3(110) 9ol A7dH CGS it slshofE 2 o 2 2 ] 3+ CGS
(phase)t gl ¥ ] o1, 24 57 “3(Cu-Se, In-Ga, Ga-Se) =& ZA 4 02
B9 ¢k Cu-Ga-Se -2 L EFLA] 294kt

[104] & 18 & ¥l w2 CGS el XRD A 2 35 Vel = L sLojrf

[105] 518 #hxsd, ¥ iy of] W& CGS ¥t 2} (chalcopyrite) 54 =
e = 3] 3] H(peak) T {(112), (220), (204), (312), (116), (400), (332), (316)}
SRl ¥ %) 91, Cu-Se, In-Se, Ga-Se®} -2 24 -7 (binary) -3} & ¢
7] H (peak)w= T H ] 2okt o] = GUEANS ARE-3lo] A2 H CGS W]
Hold A 544& nol5m, b Al FokA 547 v =] g9

FAVORE A BFAA FFFL AT 5 ASS L5 9

.

[106] o 7)o T4L Sl Alxd & Egel 99 CIGS Mt AES =
1991 A8} T

[107] %190l A g npep gho], & g el uh2 CIGS MHot Al o2 Al e
CIGS M7 (In, Ga)] 24V & el 7HA 25 A2 H L 0r, () A&

20 7 3 CGS7) A Bhrich) o] at, (f) A E &0 5 <=3 CIS7}
A G S el of 71 A, ABE (a) WA (Dol mekA] 5= 199)] e HEof
7o) (In, Ga) 2431 7} v ek Al B 3285 CIGS WS A 2319l o)

[108] T 198 B, 7R (o) A () AES YER I, Ml = 24 8] (at2d) &
WY (a) B3 02 245 FIne] §FF2 F31 47 (Ga)ol I
S/Pebe AdS e oL i 2 () A S Hor S dan gt
F7Vekal A (Ga)e] g o] S AFS el = RS & F Utk &

Zol
o

-
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ol [e]
xrEs

A

(a) WA (f) AZ Z}2tel| whe} 2249 B (composition ratio) 7} T &3} Al
-

[109] 20 5—2 212 g o] A A oo W CIGS WHE Al 2 o Az
CIGS Hhehe] vhd 2 £ - 25 el &= SEM =i ot}

[110] =208 3xspd, & g o] A A oo w2 CIGS e Al 2 o8 Al x4
CIGS Hh4te-, g} stk o] 24| & 71A] 3= CIS(CulnSe2), CGS(CuGaSe2) 2+7+ <]
A B} (140a,140b) S o] -&-&Fo] H & T2 ZAI 0] & 714 = CIGS

hek(130) 0.2, 7] 9H(110) 2] ot ] $Hadhesion) 5498 o F= AL o 5
it} ol uf, Hhuko] A= of 2~dun A L2 0] A FAE ZhA ), Hhu) W i

CGS7} Ak (a) ME &0 2 75 ol X, A §] 1 7] (grain size)= CIS7}
FAE D AE HOR AFE AXE EAS HATFEAS ST A

[111]  %E21& Fxshd, B oag o] A2 Al oo w2 CIGS v A Z2HH o 2 Al x4
CIGS HHehx, stel A AA 27} g okst A |7
A7)+ F 100mm~1m7FA] 2] -2 E YERdY = 4S5 3

[112] S, CISFAMo= A3 dA-A Y A7)+ F7Fekm vhet X1 2= CGS
B (B AT Hol A= AEE
T B} A (140a,140b)S o] &3] 1
A7)0} & S EE o] AA %
AL T A2t ] sl s)o] vl 2

[113] T 228 Eoubyg o] Al Aof] ulE CIGS e Al 2 o 2 A ZFH CIGS
whuko] EEA S LJrE]rLH*E :Lﬂﬁi, 53] Sl (In)¥ ZE(Ga)o] 2&/4d1]

o ﬂllm

ol

i

ol

4
¥ o

k1

i,

2

)

O

[114] E228 % }_o}tﬂ, (a) (fyz}x] CIGS "}t LH (In Ga)9] zA H] o] ELPE} Hhulof

EIRNARGES! }Oﬂr/} o] 7] H (a)_ Ga/(In+Ga)/] ZA] H] 7}0 87at. / O] ,(b)—:
¢)+= 0.66at.25, (d)+= 0.51at.96, (e)x= 0.36at.26 —1¢] 2L ()= 0.24at.% =

)
~J
o)
=
o
O
A

=
=
4
>

S
N
N
10 F
=
=
=

[115] & A, e szol A vpeRd bho} gho] BEU I (e), (D M
AL u§- A F2bo] {7 Wil &= F S
&A= &g AT AEUD (o), HF A9 (a)~(d)71A 2

2 2 (Ga) S ol e} AGe N &S 2= F5 9IS
™, 2k 700~1200 Z-g ol o] F<73] A (peak) i EF VEFATHE A&

il

0,
ol
-
N

Oroﬁ,

N Jlm

1

ne fom L 4
b Mo

-+
>0

)E = FlO oy ;9 ox

i
8
iz -

Hkryg o] 4 Al ol o] wh2 CIGS vk Al 2 H 0 2 A2 CIGS

In, Ga)2] ZAn]o] W2 M= EAS el &= 18322 CIS-CGS
1(140a,140b)< o]-&3}o] " 3 (combinatorial) = 2H CIGS Yuto] 4514
= e, (In, Ga) 8] o] whebA] A4 gk v & = 35H] ml=3] o]
o= 54 S BolEt

[116]

=T A =2
j?L o_>|: 1o 14
o M 1o

ol
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[117]

[118]

[119]

[120]

[121]

[122]

[123]

%235 F&SHH, CIS ® CGS ¥ vkt o 2 A<kl 3gok4] M=) e 77}
0.98eV, 1.60evVo| ™, F B} AL o] &3)o] W el =25 CIGS vhHHte] 3-6}%]
W= 242 Ga/(In+Ga) & 1] 710.51~0.87= F7Feol| whef F5h4 M=
1.24~1.52eVE A A S}l S 21e = vk o] = A &Z th&
GAERA TS o] &3}o] A E Y FHO 2 A2 CIGS ¥H2] (In, Ga)
ZARE A Aol & = A& ou|ghrhar & Ao}, gk A= e S
7FA1+= CIGS BFEF- (In, Ga) o] sheFn] o whet A g Fsh4 MEf s 2k e =
A2 7hs sk 2l o v gk

e szel A el vE9) o], AE WS (e), () WHHF CIS A1 9 4 (Ga®l
SF=0.24, 0.36)°| ™, T2 W] A7) 4 o] 4] FAIE 7] 7] W]
FE EA o] vrol W= 545 gl e 5= glvk

5245 g o] A4l A o of] whE CIGS ¥ Al &2 02 Al 24 CIGS
Bhutol (In, Ga)o] 24 1ol W& 27k (Raman) 54 S YER &= 18 X o]t}

048 AZE W, a}ﬂ(Raman) PLE F3}o] CIGS #lhe] dAa7d 4, v 44,
secondary phase £ 4] 55 €218} 01, (In, Ga)2] =] o] uje} &1 &} 7
W 3}3)= 943 o] (phase shift) %3k #2319 ). CIS, CGS ¥ Bhuto 2 uk
A2 A E o] €}k A] 3 E (Raman shift) $h< Z+2}F 174cm !, 183cm-1o] 1, 714
ElAl o 2 F0) 2y CIGS HHuke] @} kA SEE ZHS (In, Ga) Q) dFekn)] 7}

2 (Ga) A4 F G o2 25 CGS 91747 A (phase peak) 9 X &} 717191 % 2.
137 (In) A @ o= 75 CIS A9 A8} 7H7H A = A& Bl 5 Th
2}HE PL 54 ol A AL A 3, (In, Ga) o] 240 °] 274 ol whe} CIGS 91|
At A Mslsal &= G 5 Ao, ¥sk= 241 E 7 = CIGS
uluk-S )T (one-step) 2] 2T EH ¥ FHTO R -3k FoHH EAJS
THA s A A& g S S skl

(In, Ga) $HFH] o] e} Al B.= 3] F (mode peak) ©] -5 o] 2% 3]
L5 CIGS W (In, Ga) 278 o] W slol] whe} A4 o= gl = v, B3t
A w24 H o2 BobA 3 Al39] 9 g gl B 4] k= ull9- ok ] 91 CIGS

a
e
lo

F

_

1T = b |

5255 Houlkrg o] @) Al A] of o] w}a CIGS HHah A Z2HHH o 2 A 29 CIGS
vkt ol (In, Ga)9] &A1 12 XRD 5412 Y e &= 282 2, 53] (In, Ga)
Skekn] ol A 2 CIGS ¥t ¢ IS, CGS vl wkulo] XRD E4J-S 03l F-4] 6k
Z o]t}

5258 x5, CIS Bl ol o sho] &5 (chalcopyrite) T2 W ERH =
34 ¥ F3= a(112), a(220), a(312)°1H, CGS #Hute] 3he 3 25 ek =
3 A9 I 2= B(112), B(220), B(204), B(312), f(116)°] B ¥}t ZAI v =
F(Ga)o] FFoZ F7|3H a BE20,p MES 19 42 7HAH,
Ga/In+Ga2| §-&Fn]of whe}l A 2He AZ-2 (a)~(H)7FA] ZH7} 0.24~0.872] AW &
7HA Al et
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[124] 259 Dol A 1 & <= gl3Eo], CIGS M A Wi oll Ga/In+Ga 2]
N 7E S 7k €SS 7HA e 9 v A sk Zh7ke] A ke 9l A ol =
CIS 7Z & 7H| &= S| H 9 A2 A ZER S & = Ak 7714
A EFA(CIS,CGS)S o] &3)o] A 2Fe CIGS #Heho] (In, Ga) ol v &
Aol sto] A &Fe 4=l om, A 2 E 7FA = CIGS Wi 4] s
TEUE 7HA] = 314 3 A g1 ¥ 91 S, binary phase S+
1ot A F(sphalerite) T2 9F o] F52 B85 A5k 7]+ Al 29] 91432
el = 349 g FEE A Gk E AE S3te], 9
FTWuto R A o 2 u) - 9k A o] 1, (In, Ga)©] 24 1] o whe} A A 3|
AL EHES Aol g 4= 9= CIGS WHake A &3l o,

[125] o] el A e npof o] a2
At o, dr1ek A Aol g4
2 HY el A Jal] wrg o] &3 7] i-okol| A Ak A4
ol 3l vpFek WA 8o 7l slo]t
A4 ol 87Hs A

[126] A8k nlel o] B ukd ol u}2 CIS/CGS/CIGS BHat x]}_ﬂc}ﬂs o o] &
o] &3} A ZH e %A A= CISAl, CGSAl =& CIGSA) ke e b4 %] 7))
2 A8 AR e &8 = T
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[T 1] () 7182 Evlete o
(2) 71 7138 ol A55S SAehe gL 3
(3) 7] A 5%9] Aol CIS(CulnSe,) ¢} CGS(CuGaSe,) 7+7+2]

GAEAE ~2FH Y A5k, FFTEss A6k dAE

) }—t— CIS/CGS/CIGS B9} Al 221,

778 2] Al 184l 2l A, 7] Bl (3)2 7-2l(Cu), 1+ (In) = A= (Se)y=
3 %) o}—: CIS YA A& ©] &3} RF =¥ B g 4=+= DC
2 H g st CIS FFTroS 538 3& 5P o= 3+
CIS/CGS/CIGS HFaf A 21,

[7d 78 3] Al 184l 1o A, 7] b (3)2 -2 (Cu), 2 (Ga) = A (Se)S
E9F8kE CGS YA B S o] -&3Fo] RF =¥ B ¥ Y= DC
2= H g A sto], CGS FFToS T3+ AS EHOE
3}+= CIS/CGS/CIGS HHa A 21y,

7912 4] A 136l 9le1 A, 7] @A (3)2 CIS(CulnSe,) 2+ CGS(CuGaSe,)
k7ol A EA S Ao 2T Y8 CIGS 555
Aok A& 54 0% 8= CISICGS/CIGS HHet A 21,

[ 78} 5] Al 28 WA A 48 T o] = &gkl Qlol M, 7] 2T E A e
9] 100W(1.23W/crt) Y4 300W(3.70W/crr), &4 Fe 0.1 W A
1.0Pa, A]7F 0.5 W A] 2hr, =5 A2 U] %] 550°C 2] &A% 7 3}l A
o] F o] A= A& EA 0 7 3= CIS/CGS/CIGS HF A 1Y,

[7d 73} 6] A 13}kl Qo] A, *W | CIS(CulnSe,) TFLEFA-2 2] (Cu) <]

ZAN = 0.8 A 1.00.2, o] w2 A& (Se)2] ZAH])+= Se,.,
(x=0 WA 0.2) .= 1] E A& 574 02 3= CIS/ICGS/CIGS
131}11} ;q]zm-m

[7d 73 7] A 18}kl 9lo] A, A7) CGS(CuGaSe,) T EF AL 2] (Cu) 2]

ZAN = 0.8 A 1.02.2, o] b2 A& (Se)2] ZA]H])+= Sesn
(x=0.2 WA )= 1) E A& 574 02 3= CIS/ICGS/CIGS
H]—tﬂ— ;q]zmm

(713 8] A 63+ = A 73kl Qlo] A, A7) e BFALS A} 7] kit e]
A2 7F100 WA 150m$] 515 578 S & 3k+= CIS/CGS/CIGS ™
A 2,

[ 7% 9] A 28F w= A 38 o] QLo A, A FEFZS Fop L L x2A

, 2
EA o wpe} what T4 7 24 E S 54 0 = 3= CIS/CGS/CIGS
whek A 2.

[7d -3 10] A 98tel Qo) A, 37 CIS #5552 v 7 71+= 0.1m WA
2.0imQl A& 54 0 2 = CIS/CGS/CIGS HHat Al 21,
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