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CuInSe2 is used as an absorber in efficient thin film solar cells. In the interface region of such cells thin
layer of In-rich phase was detected (assumed to be CuIn3Se5). Such a layer is likely to play an important
role in transport and recombination phenomena in the junction interface. Therefore, there is a strong
interest in the electronic and atomic structure of the In-rich phases as compared to CuInSe2. According to
the phase diagram [1], only four ternary phases exist on the indium-rich side of the Cu2Se - In2Se3 quasi-
binary tie line: ordered CuInSe2 α - phase (chalcopyrite structure) with homogeneity region from 47.5 to
55 mol % In2Se3, β - phase (tetragonal) extending from 66.5 to 79.0 mol % In2Se3, γ - phase (trigonal or
hexagonal layered structure) 82 - 90 mol % In2Se3 and δ - phase representing homogeneity region of
disordered CuInSe2.  In this study crystals with compositions CuInSe2 (α-phase), CuIn3Se5 (β-phase) and
CuIn5Se8 (γ-phase) Cu2In4Se7 (α + β) have been studied.

X-ray absorption in the XANES range has been measured at K-edges of Cu and Se and L1 and L3 edges
of In. Measurements have been carried out at the A1 station with a high resolution 4-crystal
monochromator. Transmission spectra of powdered samples have been recorded. The XANES spectra
have been interpreted in terms of the conduction band densities of states (calculated for CuInSe2 by the
LMTO method) and within the real-space multiple scattering approach [2].

Fig.1 shows L1 edge of In and K-edges of Se and Cu of CuInSe2 compared with the relevant p-like local
electronic densities of states in the conduction band. Spectra have been shifted to achieve the best overall
agreement with  theoretical curves with the energy zero corresponding to the Fermi energy. The main
maximum of the indium L1 spectrum is correlated with the strong maximum at 6.5 eV  in the In p-like
LDOS. It coincides with the analogous maxima in the Se p-like LDOS and corresponds to  hybridised
In(p) + Se(p,d) states. The main maximum of the K-edge spectrum of selenium  coincides with a strong
maximum in the Se p-like LDOS at 2.2 eV that has its equivalents in LDOS of In(s-like) and Cu (d-like)
[2]. The structure corresponds to a hybridised In(s)+Se(p) states with some admixture of Cu d-states.
This is manifestation of anti-bonding counterpart of the In-Se bonding states located 6 eV below the
valence band maximum [3]. This confirms that the conduction band of CuInSe2 contains  a significant
amount of Se p-like states.

XANES spectra of CuxInySez for In-rich compositions have been measured at L1 edge of In and K-edges
of  Cu and Se. The most conspicuous differences between various phases are observed for the K-edge
spectra of selenium (Fig.2). This reflects evolution in the p-like LDOS due to changes in the nearest
neighbour shell, where an increasing number of  Cu vacancies and InCu  antisites appear with the growing
In content. The increasing intensity of the first maximum of the spectra indicates an increasing Se (p) -
In(s) hybridisation and larger contribution of the anion p-states in the lowest portion of the CB of studied
materials.

In the cation spectra of CuxInySez we observe change in intensity of the first strong maximum (white
line). WL in the K-edge of Cu decreases and in the L1-edge of In increases for the growing In content.
This reflects the diminishing role of the Cu p-states and increasing contribution of the In p-states in the
CB in the energy range where these states dominate (∼5 eV). The corresponding maximum in the Se
LDOS does not change.



Fig.1. L1 spectrum of In and K-edge spectra of Se and Cu of CuInSe2.

Fig.2. Comparison of the Se K-edge spectra for the different phases in Cu-In-Se system

Assistance in measurements of K. Attenkofer is acknowledged. This work was supported by the
KBN grant  8T 11B08712 and the Dean Grant of Faculty of Physics WUT.

References

[1] U.-C.Boehnke and G.Kuhn, J. Mat.Science 22, 1635 (1987).
[2] R.Bacewicz, A.Wolska, K.Lawniczak-Jablonska and Ph.Sainctavit, to be published in

J. Phys.: Cond. Matter.
[3]  J.E.Jaffe and A.Zunger, Phys. Rev. B 29 1882 (1984).

-10 -5 0 5 10 15 20 25 30

Cu

c.

A
bs

or
pt

io
n 

(a
rb

.u
.)

Energy (eV)
 

 

 

Se

b.

 

 

 

�H[SHULPHQW

�S�OLNH�/'26

In

a.

 

 

 

 

1 2 6 2 0 1 2 6 4 0 1 2 6 6 0 1 2 6 8 0 1 2 7 0 0 1 2 7 2 0

S e  K  -  e d g e x-y -z

C u xIn yS e z

1 -5 -8

1 -3 -5

2 -4 -7

1 -1 -2

A
bs

or
pt

io
n 

E (e V )


