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HIGH-FREQUENCY DIELECTRIC MEASUREMENTS
ON TIGa,_,Fe,Se, SINGLE CRYSTALS

MUSTAFAEVA S.N., HASANOV A.lL
Institute of Physics, National Academy of Sciences of Azerbaijan

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 T1Ga; <Fe,Se, single crystals (x = 0; 0.001; 0.005 and 0.01). In the alternate electric
fields, the ac—conductivity obeyed the f°® law at f = 10°+ 10" Hz and the f" law
(where n= 1.1 +2.0) for f > 10’ Hz. It was established that the mechanism of the ac charge
transport across the layers in TlGa,_Fe,Se; single crystals in the frequency range from 10° to
10" Hz 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 Ng = 9.7-10"7 +
1.3-10"® eV '.cm™; the average time of charge carrier hopping between localized states T =
6.3-10"* = 3-10" s and average hopping distance R = 190 +216 A.

TlGaSe; single crystals are typical representatives of layered semiconductors. Layered
crystals usually contain structural defects, such as vacancies and dislocations. The presence of
these defects results in a high density of localized states near the Fermi level. In [1] it is
established by experiments that at T < 200 K in TlGaSe; along C—axis in constant electric
field hopping conductivity with alternating length of jump in localized states near the Fermi
level is taken place. Value of state density in vicinity of Fermi level (Nf) calculated from
experimental results of TlGaSe, single crystal dc—conductivity measurement along C—axis is
2.10% evliem™. In [2] it is established that at T < 250 K in TlGag 99Feg 91Se, single crystals
along C—axis in dc—electric field a variable range hopping conductivity in forbidden gap near
the Fermi level has been taken place and Ng = 5.6:10" eV '-cm .

Of some interest is the study of influence of Ga partial substitution in TlGaSe, for Fe on
their dielectric properties in alternate electric fields. This is the aim of the given paper.

Samples of TlGa,; y\FexSe, composition have been synthesized by melting of initial high-
purity components in vacuumed quartz ampoules up to 10~ Pa, and their single crystals have
been grown by Bridgeman-Stockbarger method. Samples from TIGa, «FesSe, for
measurements are obtained by spalling along C—axis of the natural spall from massive single
crystals and have a thickness (9.5 + 12.0)-1073 cm. TlGa; (FesSe; samples formed flat
capacitors whose plane was perpendicular to the crystalline C axis. The capacitor plate area
was (7.3 + 11.5)-10? cm”. Ohmic contacts of samples are made by Ag paste.

Measurements of the dielectric coefficients of TIGa; xFexSe, 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 Qmeter. For electrical measurements, the samples were placed in a specially
constructed screened cell. An ac electric field was applied across the natural layers of
T1Ga,_«Fe\Se; single crystals. The amplitude of the applied field corresponded to the Ohmic
region of the current-voltage characteristics of TlGa;  FexSe, samples. All measurements
were performed at T = 300 K. The accuracy in determining the resonance capacitance and the
quality factor Q = 1 / tand of the measuring circuit was limited by errors related to the
resolution of the device readings. The accuracy of the capacitor graduation was = 0.1 pF.



The reproducibility of the resonance position was + 0.2 pF in capacitance and + (1.0 — 1.5)
scale divisions in quality factor.
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Fig. 1. Frequency dependences of the dissipation factor of TlGa, «Fe(Se, single
crystals:
1-x=0; 2—x=0.001; 3 -x=0.005; 4 —x =0.01 (T=300 K).

Fig. 1 shows the experimental frequency dependences of the dissipation factor tand for
TlGa; xFe,Se, (x = 0; 0.001; 0.005 and 0.01) single crystals. The tand(f) curves have two
branches: a steadily descending one and a rising one. A significant dispersion in tand is
observed for T1Gag.g9sFeg 005Se, and T1Gagg9Feg 91Se; (curves 3 and 4). At room temperature,
where TlGa, (Fe,Se, single crystals exhibit appreciable ac conductivity, conductivity loss
becomes the main dielectric loss mechanism.

We also measured the electric capacitance of TlGa; (Fe,Se, samples in the frequency
range 5-10% + 3.5-10" Hz; the capacitances were 6 + 16 pF. Using the measured capacities of
TlGa, <Fe,Se, samples, we calculated the permittivity ¢ at different frequencies; the
permittivity varied from 9 to 17 (Fig. 2).

Fig. 3 shows the experimentally measured frequency dependence of the ac conductivity
of TlGa; xFeSe, single crystals at T =300 K. The ac conductivity c,. varies as

£ %% in the frequency range 3.2.10° + 2.9-107 Hz for T1GaSe, and T1Gag g99F€g 001S€
single crystals and 810° + 9.10° Hz for T1Gag.g9sFeg 005Se, and TlGaggoFepo1Se, single
crystals. The ac conductivity of investigated crystals at high frequencies (f >10” Hz) obeyed
the f" law (where n = 1.1 + 2.0). The ca~ f ** dependence indicates that the mechanism of
charge transport is hopping over localized states near the Fermi level [3]. The magnitude of
this conductivity is much greater than that of the dc hopping conductivity of studied crystals.

This charge transport mechanism is characterized by the following expression obtained
in [4]:

4
3
aac(f)=79’_6 e’ kT Néan[ln[VT"“ﬂ (1)

where e is the elementary charge, k is the Boltzmann constant, Nr is the density of
localized states near the Fermi level, a = 1/a is the localization length, a is the decay
parameter of the wave function of a localized charge carrier, ¥ ~ ¢ ™, 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 c,(f). Calculated values of Np for investigated



T1Ga, xFeSe, single crystals are given in Table (localization radius chosen as 341&, in analogy
with the GaSe single crystal [5], which is a double analog of TIGaSey).
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Fig. 2. Frequency dispersion of the permittivity of TIGaSe; (1); T1Gag999Feo.0015¢e2 (2);
TlGa().ggsFeo_()osSCz (3) and TlGao_ggFeo,msez (4) at T=300 K.
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Fig. 3. Frequency-dependent ac conductivities of TlGa;FesSe, single crystals at
room temperature.

The values of Ny agrees well with the values Nr found in experiments on the dc
conductivity across the TlGaSe; and T1Gag o9Fe 01Ses layers [1, 2].
The theory of ac hopping conductivity provides an opportunity to determine the average
time 1 of charge carrier hopping from one localized state to another using the formula [3]:
© ' = v exp(—2Ra), )

where R is the average hopping distance:

R=_1 1| /o 3
_ZHT (3)



Calculated values of T and R are given in Table.

As it is seen from Table, the average hopping distance in TlGa; «FesSe; single crystals
varied from 190 to 216 A. The value R calculated from dc conductivity measurements of
T1Gag.99Feg 91 Se; single crystals was equal to 184 A [2].

As it was shown above at high frequencies e~ 2in T1Ga; «FesSe; single crystals. The
conductivity proportional to f ? is related to optical transitions in semiconductors and is
dominant at high frequencies [3].

Table. Parameters of TlGa;_xFe,Se, single crystals obtained from
high-frequency dielectric measurements

Crystal composition | Np, eV -cm™ R, A 1,8 R/a

TlGaSe, 1.01-10" 190 | 6.3-10°8 5.6

TIGag 999F€0.001S€2 10" 190 | 6.3-10°8 5.6

T1Gag 995Fe 005Sen 9.7-10" 210 | 2.0-1077 6.18
18 —7

TIGao soFeq0,Se, 1.25-10 216 | 3.0-10 6.35

Thus, the results of high-frequency dielectric measurements on TlGa;_4FesSe, single
crystals are in good agreement with the results of dc conductivity measurements.
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TIGa,_ Fe Se, MONOKRISTALLARININ YUKSOKTEZLIKLi
DIELEKTRIK OLCMOLORI

MUSTAFAYEVA S.N., HOSONOV ALl

TIGa, ,Fe Se, (x=0; 0.001; 0.005; 0.01) layli monokristallarin £=5-10*+3.5-10" Hs tezlik
oblastinda dielektrik itgisinin tangens bucaginin dispersiyasi (tg 0), dielektrik niifuzlugu ()
vo monokristallarin C oxu istigamotindo ac—keziriciliyi (c,) todqiq edilmisdir. Dayison
elektrik sahasindo 10°-107 Hs tezlik oblastinda ac—kegiriciliyi f **~qanuna tabe olur, £>107 Hs
oldugda iso f "~qanunu &donilir ki, harada n=1.1-2.0. Miioyyan olunmusdur ki, 10°-dan 10’
Hs goador tezliklo TlGa, ,Fe Se, monokristallarinda C oxu istigamatindo yiikiin 6tiirtilmosi ilo
bas veron kezid mexanizmini yaradan sobob Fermi soviyyosino yaxin olan oblastlarda lokalizo
olunmus yiik dasiyicilarinin hoppanmalaridir. Fermi soviyyasino yaxin olan hal iigiin,
sixlig N;=9.7-10"7+1.3-10"*¢V "-sm, lokalizo olunmus hallarmn arasindaki hoppanmalarin orta
vaxtt 1=6.3-10°:3-10"s vo hoppanmalarin orta mosafosi R=190+216 A toyin edilmisdir.



BBICOKOYACTOTHBIE JUIJIEKTPUYECKUE U3MEPEHUA
MOHOKPHUCTAJIJIOB TIGa,_Fe,Se;

MYCTA®AEBA C.H.,,TACAHOB A.HN.

B cnoucteix monokpuctamiax TlGa; 4 FexSe, (x=0; 0.001; 0.005 u 0.01) B uyacTtoTHOMI
o6mactu f=5-10"+3.5-107 I'r; n3ydeHa AuCMepCHs TAHTEHCA YIIA AMAIEKTPHUCCKUX IIOTEPh
(tg O), MMPNEKTPUYECKON TMPOHUIIAEMOCTH (€) U ac—IPOBOJIUMOCTHU (GC,c) MOMEpEK cioeB. B
TIEPEMEHHBIX SIEKTPHUECKUX MOMSX B 4acTOTHOM juamasone 10°—107 'y ac—mpoBOIMMOCT
xapaxrepusoBanack  "*-3axonom, a mpu £>107 'y Habmomancs f "-3akon (rme n=1.1-2.0).
VcraHoBIeHo, 9To npu gactotax oT 10° o 107 ' 3a MexaHH3M MepeHoca 3apsia Momepek
cmoeB MoHOkpucTtauioB TI1Ga; yFexSe, OTBeTCTBEHHBI TPBDKKU HOCHTENEH 3apsga 1o
JIOKaNIM30BaHHBIM BOIM3U ypoBHS Depmu cocTosHUsAM. OmpeeNieHbl: MIOTHOCTh COCTOSHUN
BOmm3u yposHs Pepmu Ne= 9.7-10'7+1.3-10" 5B".cM°; cpenmee Bpemsi MPBDKKOB MEXITy
JIOKAJIM30BaHHBIME COCTOSIHMSIMA 1=6.3-10°+3-10" ¢ u CpeHee pacCTOSTHUE MPBLKKOB
R=190+216 A.



