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Reasults of a study of near-band-edge absorption in both
initial and annealed CdGa284 and CdIn2$4 gingle cryatals

at different temperatures are presented. Exciton~-phonon
interaction and cation disorder are shown to determine the
abgorption edge in CdGaZS4 and CdIn284 compounds correspon-

dingly.

1. INTRODUCTION
The nonmagnetic II—IIIZ-VI4 compounds

are of a great interest because of the-
ir high photosensitivity, intensive lu-
minescence and unique nonlinear charac-
terigticsl. Strong tails in the absorp-
tion edge have been observed in many

of those semiconductors, the nature of
which being not unambiquosly establi~
shed up to now. For the purpose of iden-
tifying some mechanisms of extrinsic
absorption in the vicinity of band gap
energy Eg of II--IIIZ-VI4 semiconductors

we have investigated in detail the ab-
gorption edge in CdGa234 and CdInZS4

crystals.
CdGa284 is a tetrahedrally coordina-

ted semiconductor which crystallize in
the defect chalcopyrite structure with
space~-group S¢. It is known, that 1/4
of cation sités in that material are
unoccupied and form the so-called
gtoichiometric vacancies. Cadmium thio-
gallate is a direct semigonductor with
E¢ = 3.77 eV at 10 K (dEg/dT = ~1.9 x

x 1074 eV/K)2. As to the CdInyS, com-

pound, it crystalized in a cubic spi-
nel structure with Og spacegroup.

This material does not contain stoi-~
chiometric vacanciesg. It is of inte-~
rest to note that Cd and In atoms are
capable of occupying both tetrshedral
and octahedral sites in the lattice of
CdIn234 crystals with an order-disorder

trensition at 130° C.> Cadmium thioin-
date is an indirect semiconductor with
E2 2.28 eV at 300 K. The interband
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gap for the direct transition has a va-
lue of 2.62 eV at room temperature

(dEg/dT = -4.3 x 10~%ev/K)4.
2. EXPERIMENTAL ASPECTS

Absorption agpectra of initial as
well as of annealed CdGa284 and CdIn2S4

single crystals were invesgtigated. For
experiments plgtelets with dimensgions
3x 3 x 0.1 nmm’ were prepared from
bulk single crystals grown by ilodine
trangport technique. The absorption co-
efficient oL at different temperatures
was evaluated by using the data of
transmission corrected for reflection

losses., The anneallng was Berformed in
an argon atmosphere at 400° C., After
that a part of single crystals was wa-
ter quenched, while another part was
furnace-cooled., The set-up employed
allows the spectral features to be de-
termined with an accuracy not worse
than 0.02 eV.

3. RESULTS AND DISCUSSION

Fig., 1 shows the absorption curves
of initial CdGapS, at different tempe-
ratures. It is seen, that the absorp-
tion coefficient varies exgonentially
with the energy of light.The slope of
the straight lines 1lg & = f(hw) is de=-
pendent on the temperature.The analy=-
gis shows, that the absorption of
CdGa S4 in the investigated spectral
rangg follows the Ur2§?2 ’ﬁ%%}

) —
o = dy eXp [- =R
where o, and Eg are constants charac-
terizing the material envolved (ip the
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Fig. 1. The spectral dependence of ab-
sorption coefficient of CdGazs4 at dif-

ferent temperatures (4=80 K, B =150 K,
C=250 K, D=300K, E=330 K).

case of CdGa,S, they equal 5 X 103cn=1
and 3.7 eV reaﬁectively). Parameter ¢~
determines the slope of the absorption
curve at each given temperature, It
equales 0,218 and 0,085 at 80 and 300 K
correspondingly.

The behaviour of the absorption edge
of CdGa,S, single crystals with tempe-
rature Ei%es evidence for participati-
on of phonons in the absorption pro-
cess, Taking into account the existence
of excitons in CdGa,S,, one may ex~
pect that there is gxéiton-phonon in-
teraction which determines the absorp-
tion edge. The energy of phonons in-
teracting with excitons has_been esti-
mated by using the goggula .

= X 5&

C"(T)"C\o' tw’h tﬁ 2K
where G, is a constant parameter. The
value % whpi=43 meV was obtained. It is
to be emphasized, that phonons with
such energy have been indeed observed
in the infrared agsorption spectra of
CdGansS, compound °,

L6t us pass to the consideration of
the absorption spectra of CdInpS4 sing-
le crystala. In this case an eXxponential
dependence of the absorption edge on
photon energy is also observed, although
the slope of the straight lines 1g & =
= £ (hW)) practically is not dependent
on temperature. The abgorption edge pe-

ralelly shigis with temperature at a
rate-8 x 10 VeV/K, wyich is consistent
with the value of 4Ej§/dT of that compo-
und. So, the absorpf&on edge in Cd1n284

does not obey the Urbach rule. Quasi~-
continuously diatr%puted electron traps
ihnerent to cdlnes4 geem to contribute
tp near~band-edge absorption, the traps
being caused in our opinion by intrin-
sic disorder. Taking into account the
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Pig. 2. Abgorption spectra of both ini-
tial (a) end annealed CdIn,S, crys-

tals (b) at different temperatures (A=
=80 K, B=170 K, C=250 K, D=330 K):

(1) samples annealed at 400°C with fol-
lowing furnace-cooling, (2) samples an-
nealed at 400°C with following water
quenching.

game value of electronegativities of Cd
and In atoms (1.7 eV) and practically
the same ionic radii (RCd2+ = 0,99 x

x 1078 cmj Ryp3+ = C.92 x 108 ¢cm), one

may expect the disorder to be bound
with Cd~In ex%hange. Indeed, as was
earlier shown', antistructural defects
of (CdgpIngg) - type give rise to locali-

ged levels below the bottom of the con~-
duction band of the material. An inten-
give Cd-In exchange takes place in

¢dIn.S, at 130°C, resulting in the oc-
curegcé of a second order phase tran=-

sition,

Interesting data have been obtained
by us when studying the absorption
spectra of annealed CdInZS single crys-

tals. The annealing of samples at 400°C
with following furnace~cooling almost
does not deform the absorption edge,
while the analogous annealing with fol-
lowing water quenching of samples shifts
the curves of the absorption edge to
lower energies. In the light of the ob~
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tained data one may assume the water

quenching to freeze a high amount of

antistructural defe%Bs 1n the lattice
of CdInyS, (N > 1020 ¢cn=3),

So, in splte of the absence of stoi~
chiometric vacancies, Cdin S contains

a high amount of localized s%ates gi-
ving rise to the absorption edge tail.
These states are generated mainly by
antistructural cation defects. Cation
disorder gllows CdInoS4 to be conside-
red as an intermedia%e phase between
crystalline and amorphous materials,
As to CdGapS4 single crystals, its ab-
gorption edge does not change in the
process of annealing. This fact agree
with the low probability for the forma=
tion of entistructural defects in
CdGe.2 4.

Thus, the absorption edge tails in
II-IIIZ--VI4 compounds may be caused by
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both exciton-phonon interaction and ca-
tion disorder. The first mechanism pre-
dominantes provided that the parame-
ters of cations (electronegativities,
ionic redii, masses) strongly differ,
It was established that exciton-phonon
interaction determines the absorption
edge in CdGaZS4. In the case of CdIn,S4

(Se, Te), compounds one may expect the
cation disorder to give the mein cont-
ribution to extrinsic absorption in the
vicinity of the band gap energy.
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