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The relation of a defects formation of the solid solution SnTe-In versus a dose of dopant
impurity is investigated. The crystalloquasichemical mechanism of solid solutions formation is
proposed. Correlation between the hole concentration, number of point defects in the
compounds and nature of defect formation processes was found. The concentration dependences
of charge carriers and point defects are constructed
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I. Introduction

One of fundamental problems of solid-state
physics is prevision of combination of the basic
properties (structural, electrophysics,
thermoelectrics) of materials, which one is
determine by its structure, with the purpose of
further control of these properties. The
investigations of structural properties can gives
the useful information in case when there is
sufficient number of the defects in the crystals.
Therefore, the investigation of the defect
crystals ~ with the large range  of
nonstoichiometric phase is very vital question.
The tin telluride and solid solutions based on its
are ideal materials for this investigations. SnTe
is characterized by the broad (~0,9-1 at.%) one-
sided homogeneity range, displaced in the party
of an excess of a tellurium. The maximum on a
solubility curve responds to composition
50,4 at.% Te (Sn0,984Te) [1].

II. Experimental

The solid solutions of the system

SnpogsTe-In were investigated. The alloys
synthesized from compounds of
semiconducting scale of purity (not less than
99,99 % of the basic component) in evacuated
up to 107 Pa quartz ampulas at 1270 K. After
air cooling the samples yielded to the
homogeneous annealing at 570K during
300 hours. The basic material had p-type
conductivity with a hole concentration

5.6 10*° cm™ and lattice

(6,31240,0002) 10® cm. The compounds

with a doses up to 1 at. % In through 0,1 at.%
were prepared. By the microstructural and X-
ray scattering are established, that all of them
lie in borders of homogeneity range and
crystallize in rocksalt-structure, as well as basic
SnTe. X-ray analysis was made by the
precision method in CuK,-radiation on the
installation DRON-2, wusing a nickelous
monochromator.  Lattice  parameter  was
calculated from the corrected positions of 14
diffraction lines by a computer minimization.
By Hall constant measurements the -carrier

parameter
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concentrations was calculated using the formula  TII. Crystaloquasychemical Approach to

ax 10'8, cm p x 10 ,cm'3
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Fig. 1. Concentration dependences of lattice parameter a, and Hall concentrations p from In dose.

p=t/Rue, where r=0,6 — Hall factor.

Observed data of lattice parameter and Hall
concentrations investigations showed on the
Fig. 1.

As we see, the concentration dependences
have nonmonotone nature. The analysis of the
obtained data demonstrates, that in small
concentrations interval of an impurity (up to
~0,2 at. % In) the lattice parameter and Hall
concentration increase sharply. At further
increase of In dose the concentration of carriers
decreases, and the increase of lattice parameter
is slowed down. As result — on concentration
dependences the maximum are observed (~0,2
at.% In for p and ~0,45 at. % In for aj). The
extreme nature of concentration dependences,
is most probably, testifies to change of entering
of In impurity in matrix of SnTe. On the part,
where the considerable deformation crystalline
lattice is watched the mechanism of interstitial,
on other case — mechanism of substitution.
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Study of a Defect-Formation
Mechanism

In the given report for the first time applied
crystalloquasichemical ~ method  for  the
description of defect formation processes in
compounds as A"BY, that make it possibile to
study and to predict of the nonstoichiometry,
nature of defective states and reaction
mechanisms for the participation of crystalline
materials. This method bases on the
information on a crystalline constitution of
material. The essence it consists in

VIV +Te’ — VI Te:,

superposition crystalloquasichemical cluster on
the basic matrix. Crystalloquasichemical cluster
is obtaned by superposition crystallochemical
structure of doped compound (in our case In’)
on the antistructure of basic matrix SnTe
(Ve Vi) [2]. For example,
crystalloquasichemical representation of
nonstoichiometric tin telluride with an excess
of a tellurium in borders of homogeneity range
is described by such equations:

(1)

(1-o)Sng, Ter, + (Vg Ter,) > (Sn; V), Ter, +2ah'.

Where Vg — doubly ionized negative vacancy
of the tin (cationic vacancy),

V;. — doubly ionized positive vacancy of
the tellurium (anionic vacancy)

o — deviation from a stoichiometry.

As we see, nonstoichiometry of tin
monotelluride connected with an excess of a
telluritum and conditioned by cationic
vacancies.

IV.Defect formation at doping

The introducing of a dopant can on diverse

influence on the defectively of crystalline
lattice and change of carriers concentration. It
depends on the mechanism of entering of an
impurity in doped compound. In this article the
two defect formation mechanisms are reviewed:
the mechanism of substitution and mechanism
of interstitial [3].

Crystalloquasichemical description of the
defect formation at a substitution reaction given
by the equations:

Ve Vi, + In® > Ing, V..
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(1= x)|(Sn}, V"), Tex, +20h |+ x(Inf, Vi, ) —
(Snfl_a)(l_mln;\/g(l_x))Sn (Te; V.)p, +2a(1-x)h" +2xe’

So, the localization of indium atoms in
cationic vacancies is accompanied besides to
decreasing it, both occurrence and increase of
anionic vacancies concentration and defects of
a new type — dopant substitutional atoms.
Besides, by occupies of cationic vacancies, the
atoms In reduce carrier concentrations, showing
donor properties. Concentration dependences of
defects, connected with substitution showed in
a Fig. 2.

Compared experimental and calculational
data, and using data of octahedrical radiuses of
Sn, Te, In atoms (1,52 10® cm, 1,64 10® cm

2)

and 1,65 10”® cm accordingly), can say that in
the concentrations field > 0,4 at.% In the
substitutional process is most probably. It
confirms also by data of lattice constant
changes, the decreasing of which one to
assume, that the indium atoms taken the
octahedrical vacuities in sublattice of a
tellurium. Uncoordination of concentration
dependences character in the small doses
border (up to ~0,2 at.% In) testifies about
diverse mechanism of dissolution of an
impurity in this compound.

In case of reactions of interstitial we have

VI Vi, +1In® = VIV (In*), - VI'V; (In"),,
(- y)(Sn}, V), Tex, +2ah |+ y(VIV;. (In),) > (3)

(Snx V"

(I—o)(1-y) " a(l-y)

As demonstrates crystalloquasichemical
equation, the localization of indium atoms in
tetrahedrical vacuities of the close packing of
tellurium atoms is accompanied by increase of

Nx10%, cmi®
Nk10”, em™

8

V;”)SH (Tef_y\/'}: )Te (In; )i + (2&(1 - y) + 2y>h .

defects quantity of an acceptors type in Tin
sublattice — tetra-ionised vacancies of Tin,
which one results in sharp increase of carriers
concentration (Fig. 3). The entering of In atoms

00 0011 02 03 o4 085 06 0707 a%at%]n
Fig. 2. Concentration dependence of carent carrier and point defects versus dose of

Fig. 3. Concentration depgadercmafisiyent wrrsiersandipantdstastsigrsus dose of indium
impurity at the interstitial mechanism .
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probable, as
10% cm.

the given process dominates on initial stages of
the introducing of indium (up to ~0,2 at. % In),
about what the sharp increasing of lattice
parameter testifies.

On that time there is no unified thought
concerning the mechanism of entering of
indium in semiconductors like to A"VB"" and its
charge state. In the literature the probability of
implementation of diverse charge states of
indium atomic In‘, In** are analysed [4].
Apparently, entering in SnTe matrix the atomic
indium changes the charge state at the expense
of availability in matrix as Sn*" as Sn*', that

in tetrahedrical vacuities 1is

tetrachedrical radius of it equals 1,27

Nx 1020, omi’
8 L
7 L
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5
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1+ Iny (Vg V")
0 — ] 1 |
0 02 04 06 at.%lIn

Fig. 4. Common picture of defect formation
mechanisms in the system SnTe-In.

confirms by the data mossbauer spectroscopies.
Besides, using the data of lattice parameter and
octahedrical radiuses of tin and tellurium, it is
possible to say, that the sum of octahedrical
radiuses exceeds something interatomic interval
(3,18x10™® and 3,15x10™ cm). This divergence
finds explanation if to suspect, that in the given
connection exist double- and four-ionised
atoms of tin. Analysing the concentration
dependences on parties from 0,2 at.% up to
0,4 at.% In and compared its radiuses of atoms
of interstitial and vacancies (rln+3=1,27><10'8
cm, r\1511=0,65><10'8 cm), that both mechanism
of defect formation are realised. Superposed
these two mechanism, it is possible to receive a
common picture of defect formation processes
in tin monotelluride at doping its by the atomic
indium (Fig. 4). So, it is possible to draw a
conclusion, that indium is included in the basic

matrix SnTe on two mechanisms - mechanism
of interstitial and mechanism of substitution,
that is in nonstoichiometric SnTe it shows as
acceptor (on initial stages of doping), and
donors properties.

With the purpose of realization of more
precise analysis of defect formation processes
on the basis of the X-ray data the estimation of
a maximum effective vacancy concentration in
doped monocrystalls SnTe was made. The
calculations were made on the basis of sphere
model for the help the formula for rock-salt

structure
— NAAVe.K.
Ny= %vo

Ny x 10" ,em™

2,5

0,5 ‘ ‘
0 01 02 03 04 05 06 07 at% In

Fig. 5. Summary concentration of point defects
calculated by the sphere model.

Where N4 — Avogadro constant;

AV.,. = a’-a’; — change of elementary
lattice volume;

Vo=4/3 nr’ — volume of vacancy;

r — crystallochemical radius of vacancy.

As it is possible to see from Fig. 5 in the
borders of small concentrations of an indium
impurity the quantity of vacancies decreases
sharply. So, it is possible to explain sharp
increase of lattice parameter at reaction of
interstitial both entering of indium atoms in
tetrahedral vacuities and possible annihilation
of anionic and cationic vacancies in crystals by
volume diffusion.

Is detected a very good accordance between
calculated and estimated data. As we see,
proposed crystalloquasichemical model of
defect formation processes usable to analyse of
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the defective subsystem state of tin  growth and doping.
monotelluride depending on conditions of
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Po3risiHyTO BIUTMB JOMIIIKH aTOMAapHOTO 1HJII0 Ha MpolecH Ae(HEeKTOYTBOPEHHS B MOHO
TEeIypUIl OJIOBA TIPH PI3HUX MEXaHi3MaX YTBOPEHHS TBEPAOTO PO3YHHY. 3amporOHOBAHO
KPHUCTAJIOKBA3IXIMIYHUH OMUC JaHUX TMpoleciB. BusBieHo mo0py y3ro/DKEHICTh Mik
EKCTICPUMEHTAIbHUMU Ta OOpPaXxOBaHWMHU 3a JOMOMOrOK JaHOTO METOAY pe3yJbTaTaMH.
IToOymoBaHO KOHIIGHTpAIliiiHI 3aJIeKHOCTI HOCIiB CTPYMY 1 TOYKOBHX AC(PEKTIB B 3aJICKHOCTI
BiJl BMICTY JOMIIIKH 1H/IIIO.
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