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Physical Properties with Cu/(In+Ga) Ratios of Cu(InGa)Sez Films
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Korea Institute of Energy Research, *ChungNam National University

Abstract - CulnSez (CIS) and related
compounds such as Cu(IniGai-«)Se2(CIGS) have
been studied by their potential for wuse in
photovoltaic devices. CIS thin film materials
which have high absorption coefficient and wide
bandgap, have attracted much attention as an
alternative to crystalline and amorphous silicon
solar cells currently in use. Cu-rich CIGS film
have very low resistivity, due to coexistence of
the semimetallic Cuz~Se. In-rich CIGS films
show high resistivity, since these films are
compensated films without the Cu2-«Se phase.
Optical properties of the CIGS films also
change in accordance with the resistivity for
the Cu/{In+Ga) ratio. The Cu-rich films have
different spectra from In-rich films in near
infrared wavelengths.
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CulnSez(CIS)Al HFPE HFHAAE FA7A &
e gFHAF ¥ FFAFT) M E2(~10° cm™)
PPl Qe zon, de U P2 F
7A5d3E A9 Bo|x ge 84z g4 I, uie
A CdS §F9 °o12AY HIAA F2Y FEFFE A
B2 9y dF=He Xz Uoh1). A ez A4
Qoz9 Algg 93 CISA dgag FEFS A8
A28 ZnO/CdS/CulnSez/Mo/glass TF& A=z
uaty ggAaxst FFHoz AF Adyn JT(2).
CISA vte gFAAN A Cu/(In+Ga) 3gFE =4
v 23Y9 aris 2346 AAAYL 4FE vH7)
2o ngge NFAAE AZSted o] wlf F8
3 84010(3). wEAd CIS Had] Gaol AHuMR
Cu(In,Ga)Sez2(CIGS) #HeFHAE FFFIT2L2 &
2317] M E CIGS 9ate) BEAU4e] HAgr A
ZAs=ololyt 3}, oty B =R 1949 394
o FaAIZIE dH A RAEm, 2DA FHAY
H3E Es Cu/(In+tGa) A9 2EAFozA
Cu/(In+Ga) ZAbld W& CIGS ¥ =" FHA
HA Y =23 oo wE Ay FH EAWUSE
St
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wak zzAl AMSE dAlgE F(Cu), 9EUn),
ZE(Ga), AYE(Se)22 99.999%%2 +:=& e
CeracAt A|1Z22 3mm shot Fejelct. 7t A9 &
e FAZ  2EASoY 2Edd AdnH
outgasing©] A&  PBN  crucible’t ©2F
(Tantalum) @422 FAH effusion celle] AMEH

A3, Zt da9 2AvE 244249 effusion celld) 2%
HE g EHA Aottt wtAzE 39A 33
(three-stage process)2 2 AZHYen 1g¢4e 7
BL=E 350CHAA B5AlZ F In, Ga B Ses F
e, Z1|eEE 550C7HA A7tk 1 ¥ 29
ANME Cust Ses FEeld ZAAHo AU
Cu(InGa)Sez & AR} ol 2vA 9 ZF3HA|
kel A E Ed Cu/(In+Ga) 2AYE Aslg 2
o, Ga/(In+Ga) ZAHls 0.25 Wz FAAAG.
E3 3gAAE Al 19A 9 eV R In, Gadt
Seg AFE AlZT
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a¥ 12 Cu/(In+Ga) Z=/Adule] wWsie] ut&
CIGS wate] EW o 9dW¥ggg HodFm gl
Cu-poor 24 0.722 7% dte EHe] AFH L v
Astn 2 oA TRE KLdFae doy, 4335
48 258 B2 5 o). G ZHE =40
9l 0.959 A Edo] uj$ vdsn XAy, A
249E e 99 Fdeol vFHAJG. 2 e
&2 ZAHE Bold Cu-rich 244 1.339AM ¢
B & void7t BAHIYLH, ol 525To|deA
Aoz ZAQsE semi-metalic CuzxSed #FFF7}
o & Aoz BoAT}

(c)
29 1 Cu &% 2 54 2 dHaATx
(a) 0.72, (b) 0.95, (¢) 1.33
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4= Cu-rich®l CIGS 9ol n¥e CdS €33
(buffer laye)2o.2 A7 A 2438 ¥3& ¢
& & glo] FHARE F/AF Aoz gudo. =3
Gl e A9 Cu §F27IE vy & AFYS A
oA

a8 2& Cu/(In+Ga) 2AWd wg FFA=E
BodZ2m sleh In-rich®l A% F93F FelM & %
=35 & 729 Cu-richZ AP g wat e F53
T3 7MAc}. ojgt Zo] Cu-rich 9oy v¥e 35
FEE CuZt YAFES A& (scattering) Al A 7] #&o]
t}. In-rich2 A& o] upe} 4G FIA e I3
2o olFL duAMEe] FHEE ol gt
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29 3 Cu #¥F] we A7uA%

a8 32 Cu/(In+Ga) AU =g A7uAg
o] ¥iglg HoFEm 9. Cu FEol F7Mgd ot
102 @ -cm °}ste) ¥& g Holm 3ith Cu-poor
G Cu-rich 4922 g Bt FFE A7|
Hl A& e Cu-richd Gl FAHEE CuzxSed
o] olxAte] eld ez wHudEn HIFT BEE
In-rich 9 E ~10%m™ olatz A #4# %
£% Bgoy, Cu-rich 99eME 10%%m 3z
=x7l dolAT}. Cu/(In+Ga) 2A817F 0.9590M 7}

4 ge ol§ust dolgitt AR serge HH 24
N AHZAFe] HAxn AFYEe et 7HF FFEH]
grez Agdd. $YARY FFFFLE ALEHY)
98 AZAGe o 10° Q-cm, AE F=E %
5x10'% cmPoln, olwle] Cu/(In+Ga) £A3u] 49L
0.92~0.9622 2 dYo] ZF9 LA A 4]
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29 4 Cu B3l BE HFAAY 54

2% 4% Cu/(In+Ga) &2Av]d W& CIGS =%
Az el EA4L JehiAth. Cu-richZ Fg g @
2 N = gAFI =} Z718t9 2,
Cu/(In+Ga))1°13e 4goNe MWAG, SFHF
4 92 2389 F4% #F2E EJh. Cu &9
1.3301421 #EHo| mAF CuzxSe #FAFol FAFT,
EHUAFZE AZA e} CuzSee
semi-metallic S4< 7H9, 10%cmPe]4e] ®&
AsEg 7HHAE Aoz Hudn o, oA
p-CIGS$ 100nm FAl2]l n-CdS ¥t HFAI &
S CIGS® CdS Alele] ZEA8he Cuz~Se= CDS
o o&] 83 EUL UE F A HY, ¥4H4AFY
322 #Z43ld gIAx FEEHE 4stE 24
Aoz #waEd =& g dAxe AYAYE FEFSE
EA9 AFE=ol & &L nAY, AFFx=e W
o wat g Aol AAETY wute] HA7u| A e
gL XY, FFEE7 iE A A= ANA
g Z/AANA ARE ARy XS Pt @A
ol A%E ASFAANA "ok Cu Fol 0.72¢0 A%
dHAFUEY 389 WaHde ALY Fiel
ols] W E L] gadch EF Cu/(In+Ga) 4
87} 0.95904 713 2o 9¥JAFU=Y ALy E
Bgen olg ARAAY APz Hiz HA
A} 2 % (recombination)e] T4 7] wjFelct,

a3 5% Cu/(In+Ga) &4¥ ©w& CIGS ¥ &
FAA e EFGEFE yeld Heltk. Cu-poordd
0.959 M= ARZF o] HA 7 £& EFSHEA
% B9t Cu-rich 9908 48 EAY 7HAE B
ek ole et ERdA e CusSed oy Ao

~ 1585 -



2 APEAo] ZAHNUY] Wieltt wEr nEE H
FAANE 47 YdsjdE Cu/(In+Ga) HH W&
e Fd9o] EAsls Aoz AddE.
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2 dFMes FASTIE o|8F three-stage
process HoZ AMZE Cu(ln,Ga)Sez BIE A x3}
fo9, datazAl 2249 32Xt £ Cu/(In+Ga)
et Al Aol A4¥E Fi ot 22 A
£ 9. Cu ¥F2 CIGS e 234 F4 2
A9 =] Azt FFHAHA FELE HAY, FLGe
Cu ¥3Fe AP L F4A7IY, A4 Cu-Ses} 22
xS Y 4 Aok wEA HEFE A E Z
£ CIGS #ete] Aze ¢ 839, Cu/(In+Ga)
ZA4u71 101319 dGojre FAFH ] TR oy,
31atkEvo X "ol 1.339M e MuAstsl debd
Fozeo ZAsgen oy CIGS ue EHo| ¥y
" Cu-Sed o|A4ge=z s n-CdS W] AVE
Ao] otgls]o] PR ol WA YEG Aoz fodd
t}. olg} o] mEE CIGS #ut HIFHAY ANZE
daire HA 9 NFEUE e CIGS vote] A=z
'S 8% 842 ARG,
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