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respectively, as well as by the electron probe microanalysis (EPMA) to determine their
composition.

Optical absorption measurements were carried out at room temperature (RT) by using a
BOMEM Type MB100 Fourier Transform IR spectrometer for middle-IR region and a HITACHI
Type U-3410 Spectrophctometer for near-IR to visible wavelengths. ESR spectra were taken at
4.2 - 300 K with a JEOL JES-RE2X X-band spectrometer with the microwave power of 5 mW.

3. RESULTS AND DISCUSSION
3.1 IR absorption

The IR absorption spectra of the CVT-grown crystals have been found to exhibit no remarkable
features in all the compounds investigated. Annealing of the crystals in vacuumn, however, results in
an appearence of broad IR bands in CulnSez2, CulnS2, and CuGaS:2 crystals as shown in Fig. 1. The
absorption is peaked at about 3300 cm™! in CulnSez, 4000 ecm-! in CuGaSa2, and is split into
two partially resolved subbands peaked at 3200
em! and 3900 cm! in the case of CulnSz. The
absorption bands, shown in Fig. 1, have been CuGaS:
attributed to the Fe?* impurity occupying Cu or 60 -
group-III sites in the crystal lattice of the ternanes.
This assumption is supported by the results of the
previous studies of the bimary semiconductors, CulnS2
where the Fe?* ion has been found to exhibit a

bread absorption centred, for example, at about /_\
3400 ¢cm™’ for ZnS(VOGEL et al). Taking into

account also the ESR results, which will be 30 /\
discussed below, we attnbute the IR absorption CulnSe;

bands to the intrasystem optical transitions 'E = 20 +

Tz in the Fe?* ion having 3d® electronic
configuration,

Since the point symmetry surrounding the Fe?*
ion in chalcopyrite lattice is regarded as D24, the
energy levels of the ion can be obtained from the Fig. 1 IR absorption spectra in vacuum-
Hamiltonian as annealed Cu-lII-V1z crystals
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H=Hg+ He(Ta) + Ho{D2d) + His (1)

where Hg is the free ion Hamiltonian, H=(Ta) and He{D24) represent the energy of the cubic and
tetragonal components of the crystal field, respectively, and Hrs is the energy of the spin-orbit
interaction. For the Fe?* ion we have

Ho(~10% cm!) > Ha(T4) > Ha(Dz2q) > His(~10? cm’f) . (2)

We believe that the energy of the low symmetry crystal field Hu{Dz22) for Fe?* is greater than
that of the spin-orbit interaction since, if the energy HLs had been greater than He{D24), the spin-
orbit interaction would have resulted in the non-Kramers singlet ground state of the system. (LOW
et al.) Therefore, we would not have any ESR signal from the Fe?* ion, which is contrary to our
experimental results discussed below.



Consequently, we consider the effect of varous
interactions on the Fe®* ion in the order of (2}, with the
resulting splitting of the lowest free ion term *D of Fe?*
shown in Fig. 2. For the Fe?* ion we can expect only one
spin-allowed ligand-field transition from the ground state
5E to the first excited state *T2, with all the other higher
energy transitions being spin-forbidden and, therefore, of
much less probability. From the spectral position of the
baricenters of the IR absorption bands duc to Fe?* (Fig.
1} we can get a rough estimate of cubic crystal-ficld
parameters Dg as being 330 ¢m! for CulnSez . 350
cm! for CulnSz, 400 cm! forCuGaSz, which are
close to the value of Dq estimated for CuAlS:2
(360 cm’!) from the ESR measurements (KAUFMANN,
1976)

3.2 ESR

The ESR spectra for the Fe*” impurity in all S-containing
compounds studied (Fig. 3) exhibit a well-kmown 35-line
fine structure transitions of an ion with 3d5-configuration,
occupying lattice sites of the tetragonal symmetry (the
spin Hamilionian contains the terms corresponding to the
cubic and axial components of the crystal field). (BRANDT
etal)

To the contrary, the Fe**-originated signal of Se-
containing compounds (Fig. 4) exhibits several aniso-
tropic lines with g ~ 2 - 6 together witha nearly isotropic
line at g ~ 4.3, resulting from transitions within three
Kramers doublets split from the sixfold-degenerate 6552
ground state of Fe3* due to the effect of a strong noncubic
crystal field containing both axial and rhombic
components (HOLTON et al.)
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Fig. 2 Energy diagram of 3dS system
in chalcopyrite lattice
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Fig. 3 ESR spectra of Fe** in
Cu-IMI-Sz crystals

The Hamiltonian of the Fe** ion in the non-cubic crystal field reads

H=gHS +D[S? - 1/35(S+ 1]+ E(5:2-5y}) (3)

where D and £ are parameters of the axial and rhombic
components of the crystal field, respectively.

Both the axial and rhombic components of the ligand
field cause the splitting of the sixfold-degenerate ground
state 5§52 of Fe¥* into three Kramers doublets, resulting
in the possibility of observation of the ESR signal. The
solutions of the above Hamiltonian depend on the
parameter A = £/D, describing the relative strength of the
axial and rhombic terms of the crystal field. If £ »» D, we
should observe a nearly isotropic signal near g = 4.3,
which is in accordance with our results and has also
been observed for Fe**-X pairs in AgGaS2. (VON
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Fig.4 ESR spectra of Fe3* in
Cu-III-Sez crystals
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