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I. INTRODUCTION

Among the al.liumg lium III-VI layer compounds Ga3
and Gas have beeneen especially investigated h 1

orks have been reported on GaTe. The be. e and
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II. EXPERIMENTAL
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FIG. 1. Ther moreflectance spectrum f 0 To a e single
crystals for EJ.c at 284'K.
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FIG. 2. Helative changes of the real (solid line) and
imaginary (dashed line) parts of the dielectric constant
of GaTe as derived from the data of Fig. 1 by applica-
tion of the Kramers-Kronig dispersion relations.

film on a sapphire substrate acting as a heat sink
and mounted on the copper cold finger of a metal.
cryostat fitted with quartz windows. A vacuum of
the order of 10 Torr was kept inside the cryostat
whil. e water plus ice was added to the reservoir in
order to work at a fixed temperature. The dc tem-
perature rise of the samples was measured by a
thermocouple attached to their surfaces, away from
the incoming light beam; as a result of the thermal
modulation the average temperature was raised to
284 'K, about 10 K higher than that in absence of
modulation.

III. RESULTS AND DISCUSSION

The experimental exciton thermoreflectance
spectrum of GaTe at 284'K is reported in Fig. 1.
The extent to which this characteristic pattern can
be evaluated in terms of type and location of optical
transitions will depend upon a theoretical under-
standing and a subsequent analysis of the effect.
The basis of such an analysis is provided by the re-
lation between the periodic variation of temperature
and the corresponding change of the density-of-
states function induced in the neighborhood of the
exciton line by this variation. To clarify the ther-
moreflectance line shape, the AR/R spectrum has
been transformed into the temperature-induced
changes in the real and imaginary parts of the di-
electric constant, 4e, and ~a~, through Kramers-
Kronig (K-K) dispersion relations. For the values
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FIG. 3. Shift of a Lorentzian line shape to lower
energies without change of shape: (a) unshifted and line
shifted by ~; (b) resulting shape of b&~.

FIG. 4. Broadening of a Lorentzian line shape without
change of position: {a) unbroadened and line broadened;
(b) resulting shape of A&2.



of e, and e~ necessary in the process of the K-K
transformation, it is assumed that the imaginary
part ea is negl. ected as compared with the xeal one,
and that e& has the spectral variations near the fun-
damental edge calculated by Tatsuyama et al. 8 by
using their experimental ref lectivity values. A
typical. calculated result of 4e, and pea spectra is
shown in Fig. 2.

In order to achieve a phenomenological. interpre-
tation of the observed experimental results we focus
our attention initially on the strong dispersionlike
shape of 4m~ appearing in correspondence with the
strong negative peak in the thermoreflectance spec-
trum in the vicinity of the gap region. The exciton-
phonon interaction practically determines the line
shape of the excltonlc structQres and leads 'to a
I,orentzian shape of the line, at least for the
ground-state exciton l.ine. '5

The temperature effect can be accounted for by
two distinct mechanisms: a shift 48 of the l,ine with-
out broadening, or a symmetrical broadening 41
without shift, ID the former case diff ex'entiatlon
of ea with respect to E= Ro gives the foBowing re-
sult:

(Ko —Eo++ dE) I"

t(Ro —E, + bE)o++I'o] [(%o —Eo)o+&~ I'o]
(1)

shown in Fig. 3; while in the latter one we get

l(@&—Eo)'+ (oI"+ «)'] [(@~—Eo P+ 4 I']
(2)

shown in Fig. 4, In Eqs. (1) and (2), Eo is the en-
ergy position of the structure, X' is the Lorentzian
parameter, and DF. and AI' are their temperature
modulations.

An attempt has been made to fit the experimen-
tal Leo line shape with expressions (1) or (2) or a
l,inear combination of both. The fitting was made
by the least-squares method, and the best fit was
found using expression (1). In great similarity
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FIG. 5. Comparison of measured (solid) and calculated
(dashed) line shapes of 4&2 in the exciton region of GaTe.
The best fit has been obtained at 284'K using Eq. {1)and
taki~ E,=~.676 eV ~d r =23.5 meV.

with the case of Gaae'6 the experimental behavior
of the ground-state excltoD line of GRTe seems to
be accounted for (Fig. 5) in terms of only a nearly
rigid shift of the whole structure to lower energies;
the agreement with the experiment is rather good
taking Eo = 1.676 eV and F = 23. 5 meV. A value of
—4. »& 10 ' eV/'K has been obtained from the fitting
procedure, consistent with temperature dependence
of energy gaps in semiconductors,
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