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Abstract: Herein, the results of studies on the influence of y - irradiation on electrophysical properties of
terbium-doped alloys ThsSni«Se have been presented. It is assumed that terbium atoms are located in
vacant places between the nodes of the crystal lattice within the irradiation of samples, and there occurs
self-compensation with the occurrence of the Frenkel defect. This leads to a decrease in the concentration
of charge carriers, however, the activation energy does not change.
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1. Introduction

The active development of electronic technology requires the creation and study of new
semiconductor materials with improved properties compared to traditional semiconductors. Such
materials include rare-earth semiconductors, whose properties are associated with the uniqueness
of the electronic structure. A feature of the electronic structure of rare-earth elements is the
filling of the 4f-shell with an unfilled d-shell [1,2].

In the compound SnSe, Sn atoms behave as divalent. REE atoms have a stable electronic
configuration 4f - orbitals (41°,4f",4f") and also, the 4 f - orbital is not directly involved in

chemical bonds. Participation in a chemical bond is carried out as a result of a f — d transition
in the form of 4f" — 4f""5d"and electrons to determine their valence [1]. In an isolated state,
Thatoms have two types of the electronic spectrum: 4f°5d'6s*and4f°5d°6s®. A variable

valence (3 or 4) is observed within the transition of Tb atom to a condensed state [3].

The introduction of REM into tin monoselenide leads to the formation of several physical
features associated with the nature of defect formation and with the interaction of defects.
Therefore, the study of the interaction between SnSe and ThSe chalcogenides, as well as a
comprehensive study of charge transfer processes in the formed solid solutions, is of scientific
and practical interest for the creation of some electric energy converters, various kinds of
thermistors that are resistant to radiation, pressure, and humidity. The influence of irradiation on
solid solutions with the participation of REE and, in particular, Tb doped tin selenide, has been
little studied. Single crystals of ThxSnixSe solid solutions obtained by the directional
crystallization method and the influence of y - radiation on their conductivity have been studied.
The paper presents the results of the temperature dependence of the electrical conductivity, the
Hall coefficient and the Hall mobility of charge carriers, as well as the dependence of these
parameters on the terbium concentration in the ThxSni.xSe solid solution.

ThyxSn1xSe hard alloys were synthesized by direct alloying from individual components.
Samples were subjected to prolonged annealing. The obtained alloys were investigated in terms
of phase equilibrium using physicochemical analysis. Single crystals Tbo.01Sno.9eSe and
Tho.osSno.9sSe were obtained by directional zone melting. Some electrophysical properties of the
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ThxSn1xSe alloy system, before and after irradiation, were investigated in the wide temperature
range (250-520 K), and the influence of y-irradiation on these properties was analyzed. The
samples were irradiated with y -rays with an energy of 1.25 MeV(GOCo), doses of D = 65 Mrad.
Then, the role of y - irradiation in the mechanism of scattering and the occurrence of defects in
ThxSn1.xSe hard alloys was revealed.

2. Experimental technique

The alloys of the SnSe-ThSe system were synthesized using the initial components of the
tin of the “B4-000” brand, selenium of “OC417-4” brand and chemically pure terbium (99.98%).
The synthesis was carried out in evacuated quartz ampoules at a pressure of 0.1333 Pa by the
direct melt of components in two stages. Samples of the (SnSe)1-.-(ThSe). solid solution with the
composition of x1=0.01 and x>=0.05 were synthesized. At the initial stage, the ampoule together
with the substance was heated up to the melting temperature of selenium at a speed of 4-5
degrees/minute and kept at this temperature for 3-4 hours, then the temperature was gradually
increased depending on the composition up to 950-1000°C, and kept for 8-9 hours.

The samples synthesized for complex physicochemical analysis and electrophysical
studies were annealed for 100-140 hours, depending on the composition: the annealing period
increased with increasing terbium content. Homogenizing annealing of the obtained single-phase
samples was carried out in spectrally pure argon at 800 K. Single crystals were grown by the
Bridgman method.

The structure, phase and elemental composition of the obtained ingots and the surface

state along the plane of the natural layers of the studied samples were determined by conducting
complex X-ray diffraction, radiographic, thermographic and microscopic analyses.
To determine the thermal effects of the obtained samples and phase transitions, was performed
on a Perkin Elmer Simultaneous Thermal Analyzer instrument, STA 6000 (USA). Nitrogen with
a feed rate of 20 ml/s was used as the working gas; the sample is heated until melting at a heating
rate of 5°C/min.

X-ray diffraction analysis was carried out on a Miniflex X-ray diffractometer (“Rigaku
Corporation™), at a mode of 30kV, 10 mA, CuK, radiation (A = 1.5406A). Diffraction reflections
were observed at a step of 0.01° and a displacement angle of 26 in the range of 0-80°. To study
the morphology and microstructure of the surface of the sample, a Japanese-made JEOL
JSM6610-LV scanner electron microscope was used.

After annealing, 2x4x18 mm?® samples were cut from crystal ingots in an electro spark
installation. The electrical conductivity and the Hall coefficient were measured at a constant
current and a constant magnetic field of an electromagnet [4]. The thermal electromotive force
was measured by the stationary method according to the method described in [5]. The
measurements were carried out in the temperature range of 80+600 K. The experimental error
did not exceed 4.2%

However, with partial replacement of atoms Sn by atoms Th, it partially enhances
hybridization, being introduced into the p-orbital of Sn atom (the hybridization property is
characteristic of sp-elements). Due to the covalent component, the ion-covalent bond is
enhanced, and the electrons pass to local levels. This causes both a change in the type of
conductivity (p — n) and a decrease in the concentration of charge carriers. As a result of our
studies, upon the transition from a compound SnSe with the participation of Tb in alloys ThxSn-
xSe (x = 0.01; 0.05), there is observed a change in the type of conductivity, a decrease in the
concentration of charge carriers and the bandgap, that are shown in Table 1.
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Table. Kinetic parameters of Sn,_, Tb, Se alloys at the temperature of T = 300K.

R, P(n), o 7, a 7,107
Content | Cm¥KI | 10 cm™ | om™em™ | ecm?4s | uV/K | Wiem's
SnSe +8.6 72 18 156 +420 |20
Tho.01SeSno.g9 | - 75 8.3 0.0063 |6.5 -242 | 175
Tho.0sSeSno.os | -41.6 | 15 0.047 2.96 -210 14.5

Figure 1. shows the temperature dependences of the electrical conductivity of the initial
and irradiated samples; the temperature dependences of the electrical conductivity before and

after irradiation for both crystals a(T) have the same course (although in the irradiated sample
the value of o decreases in the low-temperature region at T <400K') and the activation energy
of charge carriers for samples No. 1 and 2 at the impurity level of AE, ~0.02eV (after irradiation

became AE, ~0.03eV), i.e. the order of the activation energy of charge carriers from the
impurity level is almost the same before and after irradiation for both samples. In both samples,
at higher temperatures T > 400K , the electrical conductivity noticeably increases with increasing
T, and the activation energy of charge carriers is the same and equal to AE =0.45¢eV.
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Fig. 1. Temperature dependence of electrica conductivity Th,SniSe. 1,1’- x=0,01 after irradiation (1),
before irradiation (1), 2,2 - x=0,05 after irradiation (2'), before irradiation (2)

Figure 2 shows the temperature dependences of the Hall coefficient. It can be seen from
the figure that after irradiation the Hall coefficient noticeably increased in both samples. This is
especially observed in samples No. 1 in the temperature range of 77—200K. At 80K in samples

No. 1, the concentration of charge carriers was n~8.3-10" before irradiation, and it became

n~6.9-10"°cm after irradiation, i.e. the concentration decreased by 17% and this is apparently
due to the fact that, under irradiation with y - quanta, terbium impurities are located between the

nodes of the crystal lattice and self-compensation occurs with the occurrence of a Frenkel defect,
as a result of which the impurity concentration of carriers decreases.
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Fig. 2. Temperature dependences of the Hall coefficient ThySnixSe. 1,17- x=0,01 after irradiation (1),
before irradiation (1), 2,2 - x=0,05. after irradiation (2'), before irradiation (2)

Figure 3 shows the temperature dependences of the Hall mobility of charge carriers. The
analysis of temperature dependences of Hall mobility of charge carriers shows that, in the
Tho01Snose sample, the mobility of charge carriers before irradiation increases with the
temperature increase according to the law pocT, and after irradiation - pocT29, in the studied
temperature range. This means that the main scattering mechanism of charge carriers is
scattering by charged impurity centers; scattering is enhanced after irradiation. In the
Tho,0sSno,9sSe sample, where the terbium content increases, the dependences u(T) before and
after irradiation are the same and change according to the pocT%® law, which corresponds to
scattering by weakly charged impurity centers, and their influence weakens with increasing
temperature and neutral impurities begin to play a major role with the strengthening of Frenkel
defects.
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Fig. 3. Temperature dependences of the Hall mobility Th,Sni,Se. 1,1”- x=0,01 after irradiation (1),
before irradiation (1), 2,2’ - x=0,05. after irradiation (2'), before irradiation (2)
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From the obtained experimental data it follows that the electron concentration decreases
under the influence of y-irradiation, but with an increase in the terbium content in the

composition, the change in the electron concentration weakens due to the strengthening of
Frenkel defects. At low temperatures (77-200 K), the scattering of charge carriers mainly occurs
at weakly ionized centers [6], and with an increase in the temperature up to 300 K, neutral
impurities begin to play the dominant role.

3. Conclusion

When crystals ThxSnixSe (x=0.01; 0.05) are irradiated with y-rays with a dose of 6.5
Mrad, two processes occur simultaneously. On the one hand, the concentration of Frenkel point
defects increases in the crystal, and on the other hand, the f —d transition under the influence

of y radiation is simplified. In other words, the probability of 3 or 4 valences increases and the
concentration of charge carriers in the alloy decreases, that is, localization by sp® increases. The

statistical weight of the configuration 4 f"as a result of the f — d transition increases.

Under the influence of y-radiation, which has n-type conductivity in a crystal, acceptor-
type radiation defects arise that compensate for the centers of donor impurities. With increasing
temperature, the Hall coefficient in the crystal ThxSni1xSe (x=0.01; 0.05) decreases sharply, and
the concentration of charge carriers increases sharply. This means that at high temperatures (high
energies) the role of y-radiation eliminates.
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MOSBJIEHUE JE®EKTOB B TBEPABIX CITJIABAX ThyxSnixSe
PHU y- OBJYYEHUU
T.A. Ixadapos

Pe3tome: B pabGore TmpeAcTaBiICHBI PpE3yJbTaThl HCCICIOBAHHN  BIHSHHE Y-OOMy4YeHHsS Ha
3NIeKTPODU3NUIECKUE CBOMCTBA CIUIABOB JIETMPOBAHHBIX TepOoueM B ThySni,Se. IIpeamnonaraercs, 4To mpu
o0mydeHnn 0Opa3loB aTOMBI TEPOMS pacloyiaraloTCs B BaKaHTHBIX MECTaX MEXKIY y3JIaMH
KPUCTAJUTMYECKOW PEIIETKH W JIOKAIHU3YSACh IMPOUCXOJUT CAMOKOMIIEHCAIMS C MOsIBIIEHHUEM jaedekra
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OpeHkeno. DTO MPUBOAUT K YMEHBIICHUIO KOHIEHTPALUM HOCUTEICH 3apsioB, OIHAKO DSHEPrus
aKTHUBAIlMM HE MEHSETCH.

Kniwouesvie cnoga: XaabKOT€HUABI, TBEPAbIE PACTBOPBI, JIEKTPONPOBOAHOCTb, KO3(duueHT Xoia,
XOJJIOBCKOH ITOJIBH)KHOCTH.

v-SUALANMA NOTiCOSINDO ThsSni1xSe BORK MOHLULLARINDA
DEFEKTLORIN OMOLOGLMOSI

T.A. Cafarov
Xiilasa: 13do terbiumla asqarlanmis Th,Sn1,Se sistem arintilorinin elektrofiziki xassslorina y -siialarmin
tosiri Oyronilmisdir. Stialanma zamani terbium atomlarmin kristalda diyiinloraras1 vakant yerlarini
tutaraq lokallagdigi, Frenkel defektomologalms ilo 6z-6ziina kompensasiyanin bas verdiyi farz olunur.

Bu yiikdasiyicilarin konsentrasiyasinin azalmasina sabab olsa da, aktivlogsmo enerjisi doyismir.

Asar sézlar: Halkogenidlor, bark mohlul, elektrik kegiriciliyi, Holl omsali, yiiriiklik, istilik kegiriciliyi,
istilik miiqavimati.

131



