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INFLUENCE OF Ga PARTIAL SUBSTITUTION IN TlIGaS; FOR Mn ON DIELECTRIC
PROPERTIES

S.N. MUSTAFAEVA, Sh.D. ALIZADE
Institute of Physics, Azerbaijan National Academy of Sciences
Baku AZ-1143, H.Javid av., 33

Frequency dependence of the dissipation factor tand, the permittivity ¢, and the ac conductivity o, across the layers in the frequency
range f = 5.10* + 3,5-10° Hz was studied in layered TIGa;.\Mn,S, single crystals (x = 0,01; 0,03). In the alternate electric fields, the ac
conductivity obeyed the 8 law at f = 5.10* + 3,5.10" Hz. It was established that the mechanism of the ac charge transport across the layers in
TIGa,,Mn,S, single crystals is hopping over localized states near the Fermi level. Estimations yielded the following values of the
parameters: the density of states at the Fermi level N; = 9,9-10" eV .cm™ for TIGaggsMng;S; and 8,1:10™ eV.cm™ for TIGag o7,Mng 65Ss;
the average time of charge carrier hopping between localized states 7 = 5,7-10"s; average hopping distance R = 77A for both crystals.

Introduction

TIGaS, single crystals are representatives of layered
wide-band semiconductors with high electric resistivity (p ~
10°Ohm-cm at 300K) [1]. In [1] it is established by
experiments that at T < 200K in TIGaS; single crystals along
C-axis in dc electric field hopping conductivity with
alternating length of jump in localized states near the Fermi
level is taken place. In ac electric fields frequency dispersion
of dielectric coefficients of TIGaS, single crystals was
observed [2]. In [3] the influence of y-radiation on dielectric
permittivity and electric conductivity of TIGaS, crystals was
investigated at 102+ 10° Hz. The influence of intercalation of
TIGaS; with lithium ions on dielectric properties of obtained
crystals was studied in [4].

The aim of the present paper is to study the influence of
Ga partial substitution in TIGaS, for Mn on dielectric
properties of obtained crystals in alternate electric fields.

Sample preparation and experimental technique

Synthesis of TIGa;,Mn,S, (x = 0,01; 0,03) produced in
quartz ampoules, evacuated to the pressure 10 Pa. Synthesis
of samples has been carried out at interaction of initial
elements (TI, Ga, Mn, S) of high purity degree. Technology
of growth of these single crystals has been worked out.
Synthesized samples and their single crystals were exposed to
roentgenphase analysis, which was carried out at
diffractometer DRON-3M in Cug, emission (Ni filter, 4, =
1,5418A). Diffractogramms were recorded continuously,
diffraction angles were determined by method of
measurement according peak of intensity. Errors of reflection
angles determination did not exceed 0,02°. X-ray analysis
showed that TIGa;.4Mn,S, single crystals are crystallized in
tetragonal structure with elementary cell parameters a =
7,2692A; ¢ = 29,8981A:; p, = 5,684g/cm® for x = 0,01 and a
=7,2658A; ¢ = 29,9392A; p, = 5,676g/cm? for x = 0,03.

Samples from TIGa;,Mn,S, for measurements are
obtained by spalling along C-axis of the natural spall from
massive crystal and have a thickness (2.0+ 2.5)-102 cm.
TIGa; xMn,S, samples formed flat capacitors whose plane
was perpendicular to the crystalline C-axis. The capacitor
plate area was 6-10 + 8:10” cm® Ohmic contacts of samples
are made by Ag paste.

Measurements of the dielectric coefficients of TIGa.
xMn,S, single crystals were performed at fixed frequencies in
the range 5:10* + 3.5:10" Hz by the resonant method using a

TESLA BM 560 Q-meter. For electrical measurements, the
samples were placed in a specially constructed screened cell.
An ac electric field was applied across the natural layers of
TIGa; Mn,S; single crystals. The amplitude of the applied
fields corresponded to the Ohmic region of the current-
voltage characteristics of TIGa;,Mn,S, samples. All
measurements were performed at T = 300K. The accuracy in
determining the resonance capacitance and the quality factor
Q = 1 Aanéd of the measuring circuit was limited by errors
related to the resolution of the device readings. The accuracy
of the capacitor graduation was +0.1pF. The reproducibility
of the resonance position was = 0.2pF in capacitance and +
(1.0 — 1.5) scale divisions in quality factor.

We measured the electric capacitance of TlGa;Mn,S,
samples in the frequency range 5-10* — 3,5-10"Hz. Using the
measured capacities of samples, we calculated the
permittivity ¢ at different frequencies.

Results and discussion

Fig.1 shows the experimental frequency dependences of
the dielectric permittivity for TIGa;,Mn,S, (x = 0; 0,01;
0,03). It is seen from Fig.1 that for TIGaS, single crystal
(curve 1) significant variation of ¢ was not observed at
studied interval of frequencies (¢ = 26 + 30). At Ga partial
substitution in TIGaS, for Mn ¢ of obtained samples
decreased with the rise of frequency from 5:10*to 3,5:10'Hz.
For example, ¢ of TIGa;.,Mn,S, single crystal decreased by 5
times for x = 0,01 and 2.5 times for x = 0,03.
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Fig.1. Frequency dispersion of the permittivity of TIGaS, (1);
TIGag 99Mng 01S, (2) and T1Gag 67Mng 035, (3) at T=300K.
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Observed in experiments monotonic decrease of ¢ with
rise of frequency (Fig.1, curves 2 and 3) is evidence of
relaxation dispersion.

Experimental frequency dependences of the dissipation
factor tand for TIGa;Mn,S, (x = 0,01; 0,03) were
characterized with presence of maximums (Table)

Table
tano values vs frequency for TIGa;.,Mn,S, single crystals
f, Hz tand -10*
x=0,01 x =0,03

5.10% 1052 2449

10° 1660 2750

2.10° 1602 3024

4.10° 1478 2130

8.10° 1427 3550
1,6-10° 1791 3058
3,2:10° 1252 1586
6-10° 1299 1695
1,2.10° 1150 1519
1,810 1618 2180
2,410 1877 1938
3,0-10 1937 2335
3,5-107 1917 1438

The maximums on tand(f) — dependences also confirm
the fact of presence of relaxation losses.

Fig.2 shows the dependences of dielectric permittivity of
TIGa;«Mn,S, single crystals on their composition at various
frequencies of alternate electric field: 5-10* 10°% 3,2:10° and
3,0.10" Hz (curves 1-4). It is seen from Fig.2 that
introduction of Mn to TIGaS, crystals leads to significant
decrease of their dielectric permittivity at all pointed
frequencies.
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Fig.2. Dependence of the permittivity on composition of
TIGa;4Mn,S, single crystals at various frequencies of
alternate electric field f, Hz; 1 - 5:10% 2 — 10°%;
3-3,2:10% 4-3.10".

Frequency dependence of ¢"” = &tand for TIGa;,Mn,S,
crystals is given in Fig.3. As it is seen from Fig.3 Ga partial
substitution in TIGaS, crystals for Mn leads to modification
of dispersion curves ¢"(f). In TIGaS, the ¢"(f) curve has two
branches: a weakly descending one at f = 5:10* — 10°Hz and a
rising one at f >10°Hz. In TIGa;,Mn,S, frequency
dependences of ¢” differ from ¢"(f) curve in TIGaS;; they

were characterized by significant descending up to 10'Hz,
after that ¢” values are practically independent on frequency.
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Fig.3. Frequency dependence of ¢” for TIGaS, (1);
TIGag 99Mng 1S, (2) and T1Gag 67MNg 0355 (3).

Fig.4 shows the experimentally measured frequency
dependence of the ac conductivity of TlGa;Mn,S, single
crystals at T = 300K. The ac conductivity o, of TIGaS, varies
as 1% in the frequency range 5-10* — 10°Hz (curve 1). At high
frequencies (f = 10° + 3-10"Hz) o, of TIGaS; obeyed the f* —
law. As it was shown in [5] the conductivity proportional to
is related to optical transitions in semiconductors and is
dominant at high frequencies.
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Fig.4. Frequency - dependent ac conductivities of
TIGa;.«Mn,S, single crystals at room temperature: curve
1-x=0;2-%x=0,01;3-x=0,03.

Dispersion curves oq(f) of TIGa; «Mn,S, samples (Fig.4,
curves 2 and 3) were characterized by °® — law at all
investigated frequencies. The g, ~ f® dependence indicates
that the mechanism of charge transport in TIGa;4Mn,S,
single crystals in the frequency range 5-10* — 3,5-10'Hz is
hopping over localized states near the Fermi level. This
charge transport mechanism is characterized by the following
expression obtained in [6]:

3

4
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where e is the elementary charge, k is the Boltzmann
constant, Ng is the density of localized states near the Fermi
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level, a = 1/a is the localization length, o is the decay
parameter of the wave function of a localized charge carrier,
w ~ e, and vy, is the phonon frequency.

Using expression (1), we can calculate the density of
states at the Fermi level from the measured values of the
conductivity o,(f). Calculated values of Ng for TIGa; ,Mn,S,
(x = 0; 0,01; 0,03) single crystals were equal to 2,1-10';
9,9-10" and 8,1:10* eV.cm™, correspondingly (localization
radius chosen as 14A, in analogy with the GaS single crystal
[7], which is a double analog of TIGaS,).

The theory of ac hopping conductivity provides an
opportunity to determine the average time z of charge carrier
hopping from one localized state to another using the formula
[5]:

-1

=v,, exp(- 2Ra), @)
where R is the average hopping distance,

Re 2 pn Yo 3)
2 f
Calculated values of z and R for both TIGa; ,Mn,S; (x =
0,01; 0,03) single crystals were equal to 5,7-107ps and 77A,
correspondingly. For TIGaS,R = 103A [2].
Knowing N and R from [5]:

4r _4 AE
—R°N.-—=1 4
3 Fiy (4)

we estimate scattering of trap states near the Fermi level: 4E

= 011ev for TIGayeMnypS; and 0,13eV  for
TIGag 67Mng 03S; single crystals.
By formula:
N, = N - AE 5)

we can determine the concentration of deep traps in TIGa;.
Mn,S,: N, =10cm™ for both compositions x = 0,01 and
0,03.

Conclusions

Thus, the results of high-frequency dielectric
measurements on TIGa;,Mn,S, single crystals provided an
opportunity to determine the mechanisms of dielectric losses
and charge transport, and also to evaluate the density of states
at the Fermi level; the average time of charge carrier hopping
between localized states, average hopping distance, scattering
of trap states near the Fermi level; concentration of deep
traps.
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TIGaS,-DO Ga-UN QiSMON Mn-LA 9VOZ EDILMOSININ DIELEKTRIK XASSOLORINO TOSiRi

TIGaixMnxS2 (0 < x < 0,03) monokristallarinda = 5104 + 3,5 107Hs tezlik intervalinda dielektrik niifuzlugunun haqiqi (&) vo
xayali (&”) toplananlar1 vo laylara perpendikulyar istigamotdo (ou) kegiricilik Oyronilmigdir. TlGaixMnxS2 monokristalinda
relaksasiya dispersiyasinin moévceudlugu miioyyon edilmisdir. TIGaS> monokristalinda Ga ionlarinin qismen Mn ionlar: ilo avaz
edilmosi onun dielektrik niifuzlugunun azalmasina va dispersiya oyrilorinin &£”(f) modifikasiya olunmasina sabab olur. TIGa1.xMnxS2
monokristali {igiin dlgiilon tezlik intervalinda ac- kegiriciliyi ouc~ f08 qanunauygunluga tabe olur ki, bu da Fermi saviyyasinoe yaxin
hallarda lokallagmis yiikdastyicilarin sigrayisla harokst etmasinin xarakterik xiisusiyyatidir. Fermi soviyyasi otrafinda yerlason hallarin
sixlig1 (Nr), enerjisi (4E), sigrayislar arast mosafo vo orta sigrayis vaxti toyin edilmisdir.

C.H. Mycradaesa, III./I. Anuzane

BJIMSIHUE YACTUYHOTI' O 3BAMELIEHUS Ga HA Mn B TIGaS, HA JTU3JIEKTPUYECKHUE
CBOUCTBA

B crnoucteix mMoHokpucTamax T1Ga; Mn,S, (0 < x < 0,03) uccnenoBaHa 4acTOTHAs IUCIIEPCHS TAHTCHCA YIila JIHUAJIEKTPUYCCKUX
noteps (tg9), medicTBuTeNbHOM (£) U MHUMOM (£7) COCTABIAIOMINX KOMIUICKCHOW JHAJICKTPUUYECKOH MPOHUIIAEMOCTH, dC - TPOBOAUMOCTH
(0,.) noniepex cioeB B obiacTu yactot f = 510%:3,510Tw. YcraHoBiIeHO, 4TO B U3y4YeHHbIX MOHOKpucTauiax T1Ga; Mn,S, umeer mMecto
penakcaluonHas aucrepcus. YacTHdHOE 3aMelleHHe Traulks B MOHOKpHCTamIax 11GaS, mapraniueM HPUBOAWT K YMEHBLICHHIO HX
JHMDJICKTPUYECKON TPOHHUIAEMOCTH W MOJU(MHIMPOBaHUIO TucrepcuoHHbIX KpuBbix &£’(f). Bo BceM H3ydeHHOM AMana3oHE 4acToT ac-
IIPOBOJUMOCTs MOHOKpHCTALIOB TlGa; Mn,S, NMOAuMHANACE 3aKOHOMEPHOCTH O, ~f"%, XapakTepHOll I NpPBIKKOBOrO MeXaHH3MA
nepeHoca 3apsjaa 10 JIOKATM30BaHHBIM BONMM3M ypoBHs Depmu cocrosiausiM. Ouenensl miotHocTs (Np) u pasbpoc (4E) cocrosiHumid,
JIeKAIUX B OKPECTHOCTH ypoBHs: DepMH, cpeHee BpeMst i PACCTOSHUE MPBDKKOB.
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