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In-Ls edge XANES spectra were recorded to determine the local structure of In atom for
Cu(In,Ga)Sez compounds. In Cu2Se-Inz2Ses system, the local structure of In atom hardly changes in
the range of 0.82<Cu/In<1. Further decrease in Cu/In ratio makes some InSes species with different
symmetry. In the case of Cu(Ini-xGax)Se2(CIGS), the peak intensity at 3750 eV in the In-Ls edge
XANES spectra became minimum in the range of x = 0.3-0.4. We found that the change in the peak
intensity at 3750 eV with Ga concentration shows good relationship with c/a ratio of CIGS unit cell.

Cu(In,Ga)Sez

/ CulnSey,
CulnSez(CIS) In Cuo.9lnSe2, Cuo.g2lnSe2, CulnisSez.75, CulnsSes,
(Cul/ln<l) Cu-In-Se CulnsSes, CulnixGaxSez (x = 0.1, 0.2, 0.3, 0.4,
In 0.5,0.75, 1.0) Cu, In, Ga, Se
Cu-In-Se
CIS N2 500 2
CIS In Ga X
Cu(InixGax)Se2(CIGS) Ga X
0.25 20% Ga In-Ls SR
BL-10 Si(220)
CuGaSe2 10
SPring-8 CIGS Rex2000 Ver. 2.5.9
K XASF
EXAFS Cu/In Ga Fig. 1 SPring-8 BL01B1
In CIS CulnSe2, Cuo.glnSez,
In-K In Cuo.s2InSez, CulnisSez.75, CulnsSes, CulnsSes
In-Ls In-K  XANES Cu/ln
XANES In XANES
1 Cu/ln Cu/ln In
CIS Ga In-Ls  XANES Cu/ln
CIGS In-Ls  XANES Fig.

Cu/ln Ga In 2 CIS Znln2Ses



In L3 XANES CulnSez p1 x=0.3-04
3727(s1) 3737eV(s2) Ga
3751eV(p1) p1 X
In2p CIs cla 2
Cu/ln Ga c/a
1.0 0.9 CuoslnSez p1 x=0.3 cla=2
cla
0.67<Cu/In<0.9 S1 S2 p1 2 In-Ls  XANES
Cu/ln 1.0
In Ga In CIGS
0.67<Cu/In<0.9
Cu/ln
0.67 p1
S2 In-Ls  XANES
CulnsSes XANES Znln2Ses  In
Ls XANES Znln2Seq
InSes  [1] 57
XANES
CulnsSes
CulnsSes InSes
In-Ls  XANE 1) J. T-Thienprasert, J. Nukeaw, A. Sungthong,
In-K EXAFS S. Porntheeraphat, S. Singkarat, D. Onkaw, S.
Rujirawat, and S. Limpijumnong, Appl. Phys.
Cu(InixGa)Se2(CIGS) In-Ls  XANES Lett., 93, 051903 (2008).
Fig. 3 Ga
10.5 5 ]o.5 (8) 05 (2)
s 0| < N ®
S = S ©| S ©
- = b
= = = @
2 @] & @) 2
© © © (©)
kS 3 ©) 3
2 ©| & 3
= = = (b)
< < b) I
£ ()| E ®) £ ) @
(@] o (@)
z =z Z S
(a)
Sy
Sy
I NI NI BT NNTTN B A A | PN T T A T N N A RN | PO T [N TR TR NN T T
27920 27950 27980 3720 3750 3780 3720 3750 3780 3810
Photon energy / eV Photon energy / eV Photon energy / eV

Fig. 1 In-K edge XANES spectra
of (a) CulnSe,, (b) CugolnSe s,
(c) CuggInSeyg;, (d) Cupln;Sess,
(e) CulnsSes, (f) CulnsSeg, and (g)
Znln,Sey.

Fig. 2 In-L; edge XANES spectra
of (a) CulnSe,, (b) CugolnSe;os,
(¢) Cugg:InSe;g;, (d) CuylnsSess,
(e) Culn;Ses, (f) CulnsSeg, and (g)
Znln,Sey,.

Fig. 3 In-L; edge XANES spectra of (a)
CulnSe;, (b)  CulngoGag;Se;, ()
Cull’lo‘gGao‘zsez, (d) Culn0_7Ga0A3Sez, (e)
Culno‘ﬁGaOASez, (f) Culn0‘5Gao‘5Sez, and
(g) Culng5Gag.75Ses.



