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The nature of dielectric losses (conductivity losses) and the hopping mechanism of charge carrier transfer in the
(THNS2)1-x (TIGaSe2)x solid solutions (x = 0.1, 0.2, 0.4) in alternate electric fields (f = 5 x 10*-3.5 x 107 Hz) were established.
The parameters of localized states in the forbidden band of the samples were determined. It was found that the values of the
real and imaginary parts of complex dielectric permittivity, dielectric losses tangent and conductivity of studied samples

increased with increasing molar fraction (x) of TIGaSe.
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Semiconductor ternary compounds TIInS, and
TIGaSe, have a layered structure, a small difference in
lattice periods and are characterized by strong
anisotropy of physical properties, high photosensitivity
and optical transparency. Therefore, these materials are
promising for applications in photodetectors,
photoconverters, pulsed laser radiation detectors and
X-ray recording devices.

The physical and physicochemical properties of
TlInS; and TIGaSe; crystals have been the subject of a
number of studies. In particular, the results of low-
temperature X-ray studies of TIInS,, TIGaS, and
TlGaSe, single crystals show that phase transitions
occur in them. At room temperature they belong to the
layered structural type B-TIInS, [1]. The dielectric
properties and alternating current conductivity of
TlInS; and TIGaSe; single crystals, as well as the effect
of y-irradiation on them, were studied in [2-4].
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The aim of this work is to study the dielectric
properties of single crystals of solid solutions
(THNS2)1-x (TIGaSe,)x (x = 0.1, 0.2, 0.4 mole fractions)
and to establish the mechanism of current flow in
alternating electric fields in the radio frequency range.

Single-crystal samples of (TlInSz)1.x (TIGaSez)x
for electrical measurements were made in the form of
flat capacitors. Silver paste was used as electrodes for
the samples. The dielectric properties of the samples
were measured in the direction perpendicular to the
layers of single-crystal (TlInSy)1x (T1GaSey)x.The
thickness of the studied samples was 650-800 pm, and
the area of the plates was 6.5 x 10-2-10"* cm?. Dielectric
measurements of the samples were carried out using the
resonance method at room temperature.
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Fig. 1. Frequency dependences of the real component ( g’ ) of the complex permittivity of single crystals of solid solutions
(TIInS2)1x (TIGaSe2)x at x = 0 (1), 0.1 (2), 0.2 (3), 0.4 (4). T = 298 K.
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Figure 1 shows the frequency dependences of the real

part of the complex permittivity &' (f) of (TIINS;)1x
(TIGaSey)« single crystals. It is evident that with

increasing x the value € for (TIINSy)1x (TIGaSes)x

samples increases. The value £" also increased with
increasing x in (TIINSy)1«x (T1GaSe,)x single crystals.
Figure 2 shows the frequency dependences of the
dielectric loss tangent (tand) in a TlInS; single crystal
(curve 1) and a (THnS2)os (TIGaSez)o4 solid solution
(curve 2). The tand (f) dependences for (TIINS2)1x
(TIGaSey)x solid solutions of compositions x = 0.1 and
0.2 were located between curves 1 and 2. In all cases,
the tans (f) curves had a decreasing character with
increasing frequency, which indicates losses of through
conductivity [5] in the (TlInS2)1x (TIGaSe,)x crystals.
With an increase in the TlGaSe, concentration, the|
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dielectric losses in the (THINS2)1x (T1GaSe,)x crystals
increased.

Figure 3 shows the frequency dependences of the
alternating current conductivity (ac conductivity) of
(THNS2)1x (TIGaSey)x single crystals. For the TlInS;
single crystal, the o,c(f) dependence consisted of a long
section oac ~ f %8 up to the frequency f = 107 Hz,
followed by a superlinear region with a further increase
in frequency to f=3.5 x 107 Hz. In solid solutions
(THNnS2)1x  (TIGaSey)x, the conductivity initially
depended weakly on frequency. Starting with f = 10°
Hz and up to 10" Hz, the dependence ca(f) described
by the regularity c,c ~ f 8, which then turned into a
superlinear section. The values of o4 of solid solutions
(THnSy)1-x (TIGaSey)y differed little from each other.
But these values of o5 exceeded o Of TIINS; single
crystals by almost an order of magnitude.
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Fig. 2. Dependence of the tangent of the dielectric loss angle in (TIInSz2)1x (TIGaSez)x single crystals on the frequency

atx=0(1), 0.4 (2). T=298 K.
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Fig. 3. Frequency-dependent conductivity on alternating current (ac-conductivity) of (T1InSz2)1x (TIGaSe2)x single

crystalsat x =0 (1), 0.1 (2), 0.4 (3). T =298 K.
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The experimental dependence o, ~ f %8 obtained
by wus in single crystals of solid solutions
(THnSy)1-x (TIGaSey)x indicates that it is caused by
jumps of charge carriers between states localized in the
forbidden zone. These can be states localized near the
edges of allowed zones, as well as states localized near
the Fermi level [6]. Due to the fact that under
experimental conditions the conductivity through states
near the Fermi level always dominates over the
conductivity through states near the edges of allowed
bands, the law o, ~ f %8 that we obtained indicates a
hopping mechanism of charge transfer through states
localized in the vicinity of the Fermi level.

For such a charge transfer mechanism, the following
expression was obtained in [7]:

4
3
c,.(f) :;eszNéan{ln(vf"hﬂ :

where e is the electron charge; k is the Boltzmann
constant; Ng is the density of states near the Fermi level,
a = 1/a is the localization radius; o is the decay
constant of the wave function of a localized charge
carrier; y ~ e™'; vp, is the phonon frequency.

According to this formula, the ac conductivity depends
on the frequency as f[ln(vph/ f)]“. The frequency

range we use corresponds to the condition f << vy
Under this condition, the value of o, is approximately
proportional to f %8, Using given formula, the density of
states at the Fermi level was calculated
from the experimentally found values of  oac(f):
Ng=5.8 x 108 - 1.6 x 10'° eV-icm’®,

The theory of hopping conductivity in alternating
current allows us to determine the average hopping
distance (R) of charge carriers between localized states
in forbidden gap of (TlInS2)1x (TIGaSey)x crystals:
R =86 A. The average time of charge carrier jumps in
(THNS,)1x (TIGaSey)x crystals was determined to be
1=2x107s.

Thus, with increasing concentration of TIGaSe; in
(THNS2)1x (TIGaSey)x, the values of €', ", tand and Gac
of crystals increase. The frequency dispersion of these
dielectric parameters also increases.
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