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Abstract: Herein, the formation features of ions and defect levels and their management methods have been
investigated based on the study of the temperature and frequency dependences of dielectric properties and
impedance spectra in the temperature region, in which anomalies occur, as well as of the study of the
influence of ionizing y-rays on them, in TIInS; single crystals, which are a specific representative of triple
compounds with a chain crystal structure. It was found that the shift of the sharp increase of the permittivity
temperature with the increase of frequency, as well as disappearance of the sharp increase at high
frequencies is the result of relaxation processes in the presence of more inert particles-ions.
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1. Introduction

Several anomalies are observed in the dielectric and electrical properties of different
representatives of triple compounds with a chain crystal structure of class A®B3C,® when the
temperature of the crystals is 100K and higher [1, 2]. The reason for these anomalies is due to the
significant changes in the transmission mechanism of electric charge. At certain temperature
values, it is characteristic that electric charge transfers from an electron mechanism to ionic
conduction and a super ion state in the process of transportation in connection with the processes
occurring in the monovalent TI* sub lattice of a crystal lattice. The sequence, order, and
temperature range of these processes depend on the purity of the crystal and the high-energy -
radiation. Herein, the formation features of ions and defect levels and their management methods
have been investigated based on the study of the temperature and frequency dependences of
dielectric properties and impedance spectra in the temperature region, in which anomalies occur,
as well as of the study of the influence of ionizing y-rays on them, in TIInS; single crystals, which
are a specific representative of triple compounds with a chain crystal structure. Permittivity € and
impedance spectra were performed using a bridge in size E7-25 R-L-C at a temperature range of
200-600K, at different frequencies of the applied electric field.

2. Experiments

According to the available data|3,4], TIInS; is considered to be one of the few
semiconductor compounds in which a sequence of different phase transitions is observed. At
relatively high temperatures (T > T¢) TIlInS; exists in the para electric state. The temperature
dependence of the permittivity of TIInSz single crystals at different values of the external field
frequency is shown in Figure 1. Measurements correspond to the temperature range of 250-600 K
and the frequency range of 10-10° Hz of the electric field. At relatively low frequencies, the
numerical value of the permittivity varies very little at temperatures below 230K, and ¢ rapidly
increases at high temperatures starting from T ~270K. In this temperature region, when the electric
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field is parallel & and perpendicular &L to the optical axis (C) of the single crystal TlInS2, the
dependences of the permittivity on the temperature in the coordinates In £(1000/T) correspond to
a straight line, the dependence &(T) is exponential. The correspondence of the quantity In(c) of the
1/T dependence to a straight line with a characteristic energy AE demonstrates the nature of the
activation of relaxation processes.

&(T)~ eoexp(-AE/KT)

From this expression, the defined value of the activation energy is AE = 0.21 eV. The
exponential dependence of the permittivity on the temperature in both parallel and perpendicular
direction to the “c” axis is related to ionic conductivity|5].

Although the general picture of the &(T) dependence does not change at high frequencies,
the numerical value of the permittivity decreases with increasing frequency and the temperature at
which its numerical value begins to increase shifts to higher temperatures. After irradiation of the
TIInS; crystal with y-quanta at a dose of 20 Mrad, the numerical value increases with increasing
temperature, as the temperature dependence of the permittivity is more smooth than in the initial
state (before irradiation).
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Fig. 1(a, b) Temperature dependence of the permittivity of the TIInS crystal initial (before irradiation, a)
and after irradiation with 20 Mrad y-quanta at different frequencies of the external field

Comparison of the images shows that the numerical value of the permittivity of TIInS;
decreased by ~3 times under the influence of y-radiation. This decrease can be associated with the
increase in the concentration of free carriers under the influence of y-radiation and the increase in
the mobility of the boundaries of the field with increasing temperature. The phase transitions are
also observed in irradiated samples. At high frequencies, the permittivity does not almost depend
on temperature.

Impedance spectroscopy is the optimal method for a comprehensive study of the dynamics
of the movement of ions in materials with high ionic conductivity. The study of the system's
response to a small-amplitude sinusoidal distortion signal allows us to explain in detail the process
of charge transfer in matter due to ion transfer and polarization effects. According to impedance
spectroscopy, the mechanism of ions diffusion is significantly expanded [4].

Figure 2, a, b, and Figure 3 a, b show the temperature dependence of the real and imaginary
parts of the complex impedance Z*(f) of TlInS, crystal at different measurement frequencies,
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respectively. As can be seen from the figures, the real part of the complex impedance Z'(T) at low
frequencies and temperatures has a high value and it decreases with increasing temperature. As
the frequency increases, the impedance decreases in value and no significant change occurs in the
region of temperature change. Only at high frequencies the impedance value is small and does not
depend on temperature. Changes under the influence of 20 Mrad ionizing radiation can be
associated with the shift of temperature to higher values by the decrease in impedance and the
specificity of the relaxation process.

1,4x10"F - 6x107
2x10"F i i
3-1kHs 5x10F g R fggl:s
_ 1,0X107 L 4 - 10kHs 4 - 10kHs
z | 5 - 100kHs = 4x10’ 1
| E 5 - 100kHs
S = 3x107
5 6,0x10° 2 T 1
B N 7
4,0x10°F 3 G |
2.0x10°} 1x10'F 3
4 4
0.0f s . " . a) L B e O
300 350 400 450 500 300 350 200 450 500
T(K) T(K)
a b

Fig. 2 (a, b). Temperature dependence of the real part of the impedance in TlInS; crystals (a-initial state,
b- irradiated with 20Mrad j-quanta)

As can be seen from Figure 3, which describes the temperature dependence of the
imaginary part of the impedance at different frequency values, the temperature dependence is
accompanied by peaks, and as the frequency increases, the peaks shift to higher temperatures.
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Fig. 3. (a, b) Temperature dependence of the imaginary part of the impedance in TlInS; crystals (a - before
radiation, initial state, b - after irradiation with 20Mrad j-quanta)

As can be seen from the figure, the temperature dependence of the imaginary part of the
impedance (Z") is like a “staircase”. As the measurement frequency increases, the amplitude value
of the “staircase” decreases. Although the Z" is partially increased by the effect of 20 Mrad y-rays,
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the sharp decrease corresponds to a higher value of temperature, but the form of temperature
dependence remains unchanged. Thus, no qualitative change occurs in the relaxation process under
the influence of gamma rays, but only quantitative changes do.

3. Results

Placement of the experimental results in the growth regions of the permittivity with
increasing temperature at low frequencies in a straight line at the coordinates In(e)-~1/T is
associated with energy levels with activation energies E10,28 eV and AE2 = 0.3eV. The shift of
sharp increase temperature of the permittivity to higher temperatures with the increase in
frequency, as well as the disappearance of the sharp increase at high frequencies demonstrates that
relaxation processes occur in the presence of more inert particles-ions. In crystals studied at low
temperatures, the electron relaxation changes to partial ion relaxation. Activation of ions allows
their participation in relaxation processes. Although the general states of the temperature
dependence of the permittivity after the influence of gamma rays are maintained, there is a 3-fold
decrease in the numerical value and a slight decrease in the activation (AEX = 0.29¢eV). The
features of the impedance spectrum, their dynamics of change under the influence of temperature,
frequency, and ionizing gamma rays are explained by the features of ionic conductivity. Thus, as
in other representatives of the class it possesses, the formation of ionic conductivity|5 — 7] in
TIInS; crystal is according to the specifics of the crystal lattice is based on the diffusion of ions in
the TI" sublattice by vacancies. As a result of the phase transition in the crystals, the sublattice of
Tl ions melts|8]. This view is also characteristic of other materials with ionic conductivity.
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BJIUSTHUE y-U3JIYYEHUSA HA JUEJEKTPUYECKHUE CBOMCTBA
KPUCTAJIJIOB TIINS;

0. Camenos, H. MexTuen, H. Ha6ueB

Pestome: B mHacrosimeit paboTe WCCIEQyIOTCS TeMIlepaTypHbe W YacTOTHBIE 3aBUCHMOCTH
JIMDJIEKTPUYECKUX CBOMCTB M CIIEKTPOB UMIIEAAaHCa B TeEMIIepaType aHoMalusax MoHokpuctamioB TlInSes,
SIBJITFOIIIUXCS CHCIM(PUUSCKUME MPESICTABUTEISIMA TPOWHBIX COSAMHEHUH C IEMHON KPHCTaIMYeCKOM
CTPYKTYpPOH, a TaKXK€ Ha OCHOBE UCCIIEIOBAHUS BIUSHUN MOHU3HUPYIOIIMAX FaMMa HU3JIy4EHUH CBOMCTBA
00pa3oBaHUsi MOHOB, YPOBHEH NeeKTOB M CIOCOOBI WX yIpaBlieHHsA. BbUIO OOHApyKeHO, YTO pe3Koe
YBEIMYEHHUE AWIIEKTPUYECKON MPOHUIIAEMOCTH C YBEIWYEHHEM YacTOTHI CMEIaeT TeMIIepaTyphl B
CTOpOHY 0oJiee BHICOKHUX TEMIIepaTyp, a TaKKe UCUE3HOBEHHE PE3KOro YBEINMYEHHS Ha BBICOKMX YacTOTax
SIBJIACTCS PE3yJIbTAaTOM PETaKCAIIMOHHBIX MTPOIECCOB B IIPUCYTCTBHH 00JI€€ HHEPTHBIX YaCTUI[-OHOB.

Kniouesble CfoBa: IenHOW KpHCTAIUL, TPOWHOE COCOUHEHHE, YPOBHH Je(EKTOB, AMAJIEKTpUYEcKas
MIPOHUI[AEMOCTb, HOHU3UPYIOIIEe U3ITydeHHe

TIinS; KRISTALLARININ DIELEKTRIK XASSOLORIN®D y-SUALARIN TOSIRI

O. Samedov, N. Mehdiyev, N. Nabiyev

Xiilasa: Toqdim olunan isdo zoncirvari kristal qurulusa malik tigqat birlogsmalorin spesifik niimayandasi
olan T1inS, monokristallarinda dielektrik xassalorinin va impedans spektrlorinin anomaliyalar bas verdiyi
temperatur oblastinda temperatur va tezlik asililiglar1, eloca ds onlara ionlasdirici y-siialarin tasirinin tadqiqi
osasinda ionlarin, defekt saviyyalorinin yaranma xiisusiyyatlori va onlarin idars olunma yollar1 arasdirilib.
Miiayyan edilmisdir ki, tezliyin artmasi ilo dielektrik niifuzlugunun koskin artma temperaturunun daha
yiiksok temperaturlara dogru stirtismosi, habelo koskin artimin yiiksok tezliklordo aradan qalxmasi
relaksasiya proseslarinin daha stalstli zorraciklorin-ionlarin istiraki ilo bas vermasinin naticasidir.

Acar sézlar: zoncirvari kristal, tigqat birlogsmo, defekt saviyyslari, dielektrik niifuzlugu, ionlasdirict siialar
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