Functional Materials 18, No.2 (2011)

The solubility region of Ga in PbTe films
prepared on Si-substrates by modified "hot
wall” technique

A.M.Samoylov, S.V.Belenko, E.A.Dqlgopolova,
A.M.Khoviv, Y.V.Synorov

Voronezh State University, 1 Universitetskaya Sq.,
. 394006 Voronezh, Russian Federation
“Voronezh State Academy of Technology, 19 Revolution Ave.,
394000 Voronezh, Russian Federation

Received November 3, 2010

The chemical quantitative composition, phase constitution, and crystal structure of
doped with Ga lead telluride films synthesized by "hot wall” technique on Si (100) or
Si0,/Si (100) substrates have been studied. The quantitative composition of Pb1_yGayTe
films (over 1 um thick) was examined in dependence of partial pressures of metal compo-
nents and chalkogene. By the EPMA and atomic absorption measurements it has been
found that the concentration of Ga atoms y varied from 0.0011 to 0.045 in these deposited
Pb,_,Ga Te films. The results of EPMA, SEM, and X-ray diffraction measurements show
that formation of Ga solid solutions in lead telluride matrix revealed not only in PbTe—
GaTe cross-section, but in PbTe-Ga,Te; pseudobinary system also. The results of X-ray
diffraction show that the lattice parameter ap,r, of PbTe(Si)/Si and PbTe(Ga)/SiO,/Si
heterostructures is described by non-monotone function and does not obey the Vegard’s
law within concentration interval 0.0011<y<0.045.

WccemoBaHbl TPAHUIBI OOJIACTH CYIECTBOBAHUS TBEPABIX pacTBOpoB (Ga B IJIEHKAX
PbTe, cunresmpoBanHEIX MeTOZOM ropsiueil creHKm Ha Si-mogmoxkax. V3ydeH KOJMUECT-
BEHHBIN COCTAB ILIEHOK Pb1 Ga Te (TosmuHO# Gosee 1 MKM) B 3aBUCHMOCTH OT IIapPI[UAJIb-
HBIX [AaBJIEHUN Me'rammqecxnx KOMHOHeHTOB U XaJbKoreHa. IIpuMeHeHbI PeHTreHorpadu-
ueckue ncciaefosanus, POM u merox JIPCA romoremmsx miaeHox Pb,_ GayTe ITokasano,
4TO 06JIaCTh I'OMOT€HHOCTH TBEPABLIX PACTBOPOB IaJliifA B TeJIYPULe CBUHIIA NMeeT acHMMeT-
puuHy0 (POPMY OTHOCUTEJILHO KBasubuuapHoro paspesa PbTe—GaTe. Vceranosieno, uro yse-
JIAYeHNe OTKJIOHEHMHS OT CTeXMOMETPHUHU ILICHOK Pb1 Ga Te B CTOPOHY H30BLITOYHOI'O COZEp-
JKAHUA TeJJIypa CIOCOGCTBYET IOBBLIIIEHUIO paCTBopHMOCTn rajlind B MATPUIE TeJIypPuaa
CBUHILA.

© 2011 — STC "Institute for Single Crystals”

1. Introduction

The small band gap and high carrier mo-
bilities of AIVBV! semiconductors identify
them as the prospective materials for in-
frared (IR) optoelectronic devices in middle
wave range [1]. The IR sensitivity of these
materials is similar to that of Cd,_,Hg,Te
but processing procedures are much less de-
manding [2]. The electrical parameters of
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PbTe and its solid solutions can change sig-
nificantly in the presence of III A group
metals [3]. As it was demonstrated by nu-
merous investigations the effect of Fermi
level pinning has been established for lead
telluride single crystals and thin films
doped with Ga and In [3]. However, until
now, many problems about the influence of
IIT A group metals impurity atoms upon the
crystal structure and energy spectrum of
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PbTe are still unknown. Some fundamental
aspects of the formation and saturation of
quasi-local impurity levels in Ga-doped
PbTe have not come to solution yet. As a
practical matter, the growth of AVBV! thin
films on Si substrates would allow to fabri-
cate the monolithic structures for IR sensor
arrays with the charge storage and signal
multiplexing performed on the same chip
[4,5].

Therefore, the main purposes of this
study are to discuss the experimental re-
sults, obtained during the examination of
the chemical quantitative composition and
the real crystal structure of PbTe(Ga) films
deposited on Si (100) and SiO,/Si (100) sub-
strates, and to evaluate the solubility of Ga
atoms in lead telluride thin films at differ-
ent temperatures.

2. Experimental procedure

The modified "hot wall” epitaxy (HWE)
technique has been employed to prepare the
mirror-smooth surface PbTe thin films
doped with Ga (thickness was about 0.5-
5.0 um), which were deposited directly on
(100) Si high-ohmic substrates both with
and without SiO, buffer layer [6]. Under
optimal experimental conditions, the pre-
viously synthesized Ga,Pb;_, (0.60<x<0.97)
liquid alloys were used as the sources of
gallium and lead vapours coincidentally. To
form ternary Pb1_yGayTe layers, an addi-
tional source of the tellurium vapours has
been activated.

In this work, the HWE apparatuses were
equipped by diffusion pumps and liquid ni-
trogen traps. As a result, the evacuation of
5.1075 Pa was realized in the external vol-
ume. It is known [7, 8] that during evapora-
tion of initial substances in a graphite reac-
tion chamber used in HWE technique the
partial pressure of residual gases decreases
practically by a factor of 1000 as compared
with the value of these gases pressure in
the external evacuated volume. The essen-
tial advantage of the graphite reaction
chamber is the reductive nature of residual
atmosphere. By mass-spectrometric re-
searches was established that after desorp-
tion heating of the chamber the residual
atmosphere contains predominantly N,, CO,
and C,H, molecules [8]. Thus, the partial pres-
sure of residual oxygen of about 5-1078 Pa can
be realized in graphite reaction chamber
during the evaporation process [8].
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In this work the synthesis of
Pb1_yGayTe1¢5 films was carried out under
following conditions:

1) The temperature of Ga,Pb,_, melts
varied within limits of 1023 K < T, . <
1153 K;

2) The temperature of Te vapours source
Tte = 560, 581 and 594 K;

3) The temperature of Si and SiO,/Si
substrates had two values: T, =583 K
and 620 K;

4) In dependence of the substrate tem-
perature, "hot wall” was held at T, =
783 K or 820 K. All temperature regimes
were controlled within about +3 K.

The lead and tellurium partial pressures
were kept at the same values as at fabrica-
tion of undoped PbTe/Si and PbTe/SiO,/Si
films (which were characterized by p-type of
conductivity with charge carrier densities
5.1016-2.1018 cm™3 at 298 K) described
elsewhere [6]. For preparation of PbTe(Ga)
films high-purity Pb (99.999 %), Ga
(99.999 %), and Te (99.995 %) were used.

The direct exposure of the Si substrate to
Te, molecules during 20—30 min before the
condensation of the binary semiconductor
was used to remove a SiO, natural layer
from substrate surface [9]. On the other
hand, lead telluride layers were grown on Si
substrates with the help of an intermediate
buffer layers, which consist of 300+30 nm
thick previously formed SiO,. The presence
of dielectric SiO, buffer layers is needed for
further correct Hall coefficient and resistiv-
ity measurements in order to isolate
PbTe(Ga) films and Si wafers. As it can be
seen from X-ray diffraction patterns, SiO,
buffer layers were amorphous with trace
amount of orthorombic phase (space group
Cmcem) crystallines.

The precise estimation of the quantita-
tive chemical composition in deposited
PbTe(Ga) films on Si and SiO,/Si sub-
strates has been carried out sequentially
with the special carefulness. First, the pres-
ence of the Ga impurity has been estab-
lished in all deposited films using energy
dispersion (ED) spectrometry on JEOL JCM-
6380 LV. Second, the quantitative chemical
composition of PbTe(Ga) layers was ana-
lysed in scanning and local mode with the
help of wavelength dispersion (WD) spec-
trometry on JEOL-JCA-840 using K, ; and
L,; emissions of the elements. Third, some
of PbTe(Ga)/Si and PbTe(Ga)/SiO,/Si sam-
ples have been studied by atomic absorption
method. During EPMA measurements
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99.999 % pure Pb metal, 99.995 % Te,
99.999 % pure Ga metal, PbTe and GaAs
single crystals have being used as reference
standards. X-ray diffraction (XRD) patterns
were obtained with filtered CoKo — and
CuKa — radiation on a computer-interfaced
DRON-4-07 and THERMOTECHNO AR-
LX’pert diffractometers. In XRD experi-
ments, single crystal Si (100) and Si (111)
substrates were used as reference internal
standards. The (400), (111), (444) X-ray re-
flection profiles of Si substrates of various
orientation and (200), (400), (600) peaks of
PbTe films, respectively, were obtained with
special care with 0.01 degree step-by-step
movement. The values of unit cell parame-
ter of PbTe films have been precisely calcu-
lated by extrapolation to a diffraction angle
0 = 90 degrees. To eliminate systematic er-
rors, we tried different approximation func-
tions. The best results have been obtained
with the Nelson-Riley function [6]:

() = 0.5 - (cos?0/0 + cos?0/sind), (1)

where 0 is the diffraction angle.

Structure identifications have been per-
formed using JCPDS database [10]. The
thickness and the crystal microstructure of
the etched samples have been studied by a
scanning electron microscopy (SEM) on
JEOL JCM-6380 LV.

3. Results and discussion

The experimental data obtained pre-
viously at the examination of the evapora-
tion process of Ga,Pb,_, (0.15<x<0.98) lig-
uid alloys were used to prepare PbTe layers
doped with Ga by modified HWE technique.
In previous works, the appropriate Si sub-
strate temperature range has been deter-
mined where the PbTe/Si films with high
crystallinity perfection could be deposited
by modified HWE method [6]. As an exam-
ple, the substrate temperature should be
controlled at the range between 483+3 and
65343 K in order to produce (100) PbTe
films with mosaic single crystal structure
more than 40 mm in diameter on Si wafers.

As it can be seen from the results ob-
tained by EPMA-WDS and atomic absorp-
tion, Ga concentration in these fabricated
Pb,_,Ga,Te/SiO,/Si and Pb,_Ga,Te/Si lay-
ers varied from 0.0004 < Yaa < 0.0450, or
the mole fraction of Ga atoms varied from
0.0002 to 0.0225. The experimental results
show that for all deposited Pb1_ Ga Te lay-
ers, the Ga concentration rises w1th in-
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crease in vapour source temperature T, ..
at a fixed melt composition and T, or with
increase in Ga concentration in initial
Ga,Pb,_, melts at the fixed temperatures
T ource a0d Ty p. It is evident that Ga con-
centration in grown films may be strictly con-
trolled by adjusting the initial composition
and the T, ., of Ga,Pb,_, melts. The precise
estimation of the quantitative chemical com-
position shows that the all deposited
Pb,_,Ga,Te/SiO,/Si and Pb,_Ga,Te/Si films
are characterlzed by both 11tt1e excess and
deficiency of Te atoms with regard to
stoichiometric ratio (mole fraction of Te
varied within the range from 0.4975+0.0002
to 0.5035+0.0002).

The XRD patterns of the deposited
Pb,_,Ga,Te/Si and Pb,_ Ga,Te/SiO,/Si films
are presented in Fig. 1. The detailed analysis
of these experimental results allows come to
some conclusions. The all fabricated
Pb,_,Ga,Te/Si and Pb,_ Ga Te/S|02/S| films
can {)e segregated into two main groups.

The first group of samples is formed of homo-
geneous Pb,_ Ga Te/SI and Pb,_Ga Te/SIOZ/SI
layers. It has geen found that all £b1_ GayTe /Si
films have mosaic single crystal structure
with strong (100) orientation (Fig. 1, a) if
Ga concentration does not exceed the value
y = 0.011+£0.0002 for layers prepared at

Tyup = 623 K. In contrast, the Pb,_ Ga,Te
films deposited on Si substrates w1t{1 S|02
intermediate buffer layers under the same
experimental conditions, reveal clearly de-
fined PbTe (211), (222), and (311) reflec-
tions in addition to (R00) peaks (Fig. 1b). It is
to note that the intensity of these (hkl) lines
is not significant. For example, the Iy, to
1511 ratio is always more than 400. Thus, it
is clear that the presence of SiO, buffer
layers on Si substrates brings the polycrys-
talline structure to the Pb1_yGayTe films at
y < 0.011+0.0002 (T,,;, = 623 K). This fact
is in agreement with the results reported
before for undoped PbTe films on Si and
Si0,/Si substrates [11].

It is important to keep in mind that con-
centration of Te atoms is the key condition
for the homogeneity of Pb,_,Ga Te/SI and
Pb,_,Ga,Te/Si0,/Si  films for  y < 0.011
(Tsub 623 K). The investigated PbTe(Ga)
samples with Te concentration over 0.5012
were heterogeneous. X-ray reflections of
this group of Pb1_yGayTe/Si and
Pb1_ Ga Te/S|02/8| films exhibit the pres-
ence of shght excess of tellurium phase.

As can be seen in Fig. 1, the second group
of prepared samples is formed of heterogene-
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Fig. 1. a — yg, <0.011, Si substrate; b — yg, < 0.011, SiO,/Si substrate; ¢ — yg, < 0.011,
heterogeneous mixture PbTe + Pb; d — yg, > 0.011, Si substrate (mixture of PbTe(Ga) + GaTe);
e — Ygg > 0.011; Si substrate (mixture of PbTe(Ga) + Ga,Tes); f — yg, > 0.011; Si substrate

(mixture of PbTe(Ga) + GaTe + Ga,Te;).

ous Pb,_Ga,Te/Si and Pb, Ga,Te/SiO,/Si
layers. At higher Ga contents y > 0.013-
0.014 (T, =623 K) or y > 0.017-0.018
(Tgup = 663 K), the crystal structures of
Pb1_yGa Te films are defined as polycrystal-
line anci/ heterogeneous without regard to
the substrate nature. These heterogeneous
Pb1_yGayTe/Si and Pb1_yGayTe/Si02/Si sam-
ples, in their turn, can be divided into two
subgroups (Fig. 1c—1e). The first subgroup
of these two-phase samples is characterized
by the presence of the little amount of
monoclinic gallium monotelluride GaTe
(space group C2/m or B2/m) (Fig. 1d). To
the same subgroup of samples should be
gathered the two-phase Pb1_yGayTe layers
which are characterized by little excess of
the main components of Pb1_yGayTe films,
lead (Fig. 1c¢) and tellurium. The XRD pat-
terns of these films show the weak reflexes
of tellurium, from one hand, or lead (Fig.
lc), from the other one. In addition, to this
subgroup of two-phase films it is necessary
to attribute the Pb,_,Ga, Te samples consist-
ing of two substances: the lead telluride and
gallium telluride GayTes (Fig. le) with
cubic crystal structure (space group F43m).
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The second subgroup of the fabricated
samples is formed by the three-phase hetero-
geneous Pb1_yGayTe films. X-ray spectra of
these samples consist of PbTe, monoclinic
GaTe, and cubic Ga,Te; reflections (Fig. 1f).

The comparison of experimental data on
the phase nature of the synthesized
Pb1_yGayTe/Si and Pb1_yGayTe/Si02/Si
films with the results of real microstructure
analysis by SEM are shown in Fig. 2.

The results of the precise determination
of unit cell parameter @ppTe(Ga) values of
Pb,_,Ga,Te/Si and Pb, ,Ga Te/SiO,/Si are
plotted in Fig. 3. It is to note that during XRD
investigations, we have studied over one hun-
dred Pb1_yGayTe/Si and Pb1_yGayTe/Si02/Si
films prepared at substrate temperatures
T,,p =583 K and 623+3 K by modified
HWE technique. These experimental results
provide observation of the variation in the
unit cell parameter appre(gay in Pby_,Ga,Te
films on Si and SiO,/Si substrates. The val-
ues of unit cell parameter of Pb,_ Ga Te/Si
and Pb,_ ,Ga Te/SiO,/Si layers have been
found to be the same within the accuracy of
XRD experiments, when these layers have
been prepared under the identical growth con-
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Fig. 2. The micrographs of the cross sections of the Pb,_yGayTe/Si heterostructures: a —
Yga < 0.011, homogeneous mosaic single crystal film, b6 — yg, < 0.011, heterogeneous polycrystal-
line film (mixture of PbTe(Ga) + Pb); ¢ — yg, < 0.011, heterogeneous polycrystalline film (mix-
ture of PbTe(Ga) + GaTe + Te); d — yg, > 0.011, heterogeneous polycrystalline film (mixture of
PbTe(Ga) + GaTe); e — yg, > 0.011; heterogeneous polycrystalline film (mixture of PbTe(Ga) +
Ga,Te;); f — ygg > 0.011; heterogeneous polycrystalline film (mixture of PbTe(Ga) + GaTe +

Ga,Te;). 1 — Si substrate; 2 — Pb1_yGayTe film.

ditions. It is evident that the presence of SiO,
intermediate layers on Si substrates does no ef-
fect the lattice parameter values of the Pb, ,Ga,Te
films at the thickness over 1 um.

These experimental data allow us to ob-
serve the evolution of the unit cell parame-
ter appre(Ga) values with the concentration
of Ga impurity atoms y in Pb1_yGayTe/Si
and Pb1_yGayTe/Si02/Si films.

As it can be seen in Fig. 38, the curve
appTe(Ga)y = f(ygs) is a nonmonotonic funec-
tion and does not obey the Vegard’s law. It
can be divided into three sections. The first
section exhibits a decrease in appre(gay values
within the concentration range 0 < y < 0.0037.
At y = 0.0037+0.0002, the minimum value
of appTe(Gay is observed. The second section
of this dependence shows the increase in the unit
cell parameter appTe(Ga) values within the con-
centration range of about 0.0037 < y < 0.010. It
is to note that increase in the apyre(gay val-
ues did not reported before at the analysis
of Ga-doped lead telluride bulk crystals. On
the third fragment of appre(gay = [(Yga)
curve, at the concentration of Ga impurity
atoms y > 0.011, the values of lattice pa-
rameter do not vary essentially within accu-
racy limits of the XRD experiment. Because
the unit cell parameter values are fixed es-
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sentially at y > 0.01, this concentration
may be interpreted as the solubility limit of
Ga atoms in PbTe at T = 62343 K. It is
necessary to emphasise that experimental
data obtained in this work show that the ex-
tension of the region of Ga solid solutions in
PbTe matrix is narrower than it had been re-
ported before for bulk PbTe(Ga) alloys [12].

As the atomic and cationic radii of Ga are
smaller than those of Pb, it is possible to make
following conclusions from the given view of
appTe(Ga)y = f(yga) relations if synthesizing and
doping of films take place simultaneously:

1. The initial fragment of the curve in-
troduced in Fig. 3 corresponding to decreas-
ing of the lattice constant, it is possible to
esteem as an indication of the preferential
formation of substitutional solid solutions.
Thus, according to the theory of self-compen-
sation, the decreasing of identity period can
be promoted by formation of Te vacancies;

2. The intermediate section of appTe(Ga) =
f(ygy) relation it is possible to explain by
changing in the dominating mechanism of
solid solution formation: the one part of Ga
atoms, as before, is placed in regular sites
of the cationic sublattice, while other part
is placed in tetrahedral interstices. As the
sizes of interstitial tetrahedral voids in
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Fig. 3. Dependences of the lattice parameter
apy1e On the Ga atoms impurity concentration
Yga in ternary Pb1_yGayTe films prepared at
T,,, = 623+t3 K: 1 — homogeneous samples;

SU
2 — heterogeneous polycrystalline samples.

PbTe crystal structure are a little bit
smaller than ionic radii of metals of III A
group, their occupation them with Ga re-
sults in increase in unit cell parameter.
Therefore, at this range of Ga impurity
atoms concentration, the mixed type of solid
solutions "substitution — interstitial” is real-
ized. The existence of such solid solutions is
established before, in particular, in the sili-
con-gold and silicon-carbon systems [13];

3. The analysis of the third part of
appTe(Ga)y = f(ygs) curve shows that the in-
crease in the concentration of Ga impurity
atoms yg, > 0.011 in Pb,_ Ga,Teq,;s films
does not result in the enlargement of the
unit cell parameter values. This fact is to
estimate as an approach to the solubility
limit of Ga in the initial matrix of PbTe.

The correlation between XRD results and the
quantitative chemical composition of depos-
ited Pb1_yGayTe/Si and Pb1_yGa Te/SiO,/Si
films is presented in Fig. 4. '{he bound-
ary of limited gallium solubility region
in lead telluride matrix has been drawn
based on the microstructural observa-
tions, XRD and EPMA results. The Pb-
Ga-Te phase diagram (Fig. 4a) provides
an useful framework for understanding
of solid-state interaction in this system.
From the representation on a Gibbs com-
position triangle, it is clear that the
analysis of the PbTe-GaTe quasibinary
cross section only does not exhaust the
process of galliums solubility in PbTe
matrix as a whole. As it can be seen in
Fig. 4, the Ga solubility region in PbTe
matrix is asymmetric regarding to the
PbTe—GaTe quasibinary cross section. The for-
mation of Ga solid solutions is to be revealed
in PbTe-Ga,Tes pseudobinary system also.
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Fig. 4a. The binary phase diagrams and Gibbs
composition triangle of Pb—Ga-Te ternary system.
Fig. 4b. The isothermal cross section through
the phase microdiagram of Pb—Ga-Te ternary
system at T =623+3 K: I — homogeneous
Pb1—yGayTe films; 2 — heterogeneous Pb1_yGayTe
films (PbTe(Ga) + Pb); 3 — heterogeneous
Pb1_yGayTe films (PbTe(Ga) + GaTe); 4 — hetero-
geneous Pb1_yGayTe films (PbTe(Ga) + GaTe +
Ga,Te;); 5 — heterogeneous Pb1_yGayTe films
(PbTe(Ga) + Ga,Te;); 6 — heterogeneous
Pb1_yGayTe films (PbTe(Ga) + Te).

In view of the fact that all Pb1_yGayTe
films were deposited at approximately con-
stant values of Te, partial pressure, it is
possible to say that Fig. 4b represents the
isothermal and isobaric pTez-sections of
Pb—Ga-Te phase microdiagram. A closer
look to Fig. 4 allows us to assume that at
fixed temperature, boundaries of homogene-
ity region and phase constitution of
PbTe(Ga) films depend upon the two main
factors: the ratio between Ga and Pb con-
centrations from the one hand, and content

Functional materials, 18, 2, 2011
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of Te atoms, from the other one. During
the formation of the PbTe(Ga) layers from
the vapour phase, the heterogeneous chemi-
cal reactions can be expressed through the
following schemes:

Pb@ + Ga®@ + Tel) — PbTe® + GaTe®. (2)

Within the frameworks of the quasi-
chemical method [14] this reaction may be
written:

Pb@ + Ga®@ + Teld) — 3
— Pb¥, + Gagy + Te¥, + Tefe.

It is to note that Eq.(2) and Eq.(3) satisfy
the preparation process of PbTe(Ga) films
with stoichiometric ratio of metal components
and Te atoms only and correspond the forma-
tion of Ga solid solutions along PbTe-GaTe
pseudobinary section. If tellurium partial
pressure goes beyond the stoichiometric ratio,
the following reactions occurs:

Pb©@ + 3Ga® + 2%.Tel® — 4)
— PbTe®) + GaTe® + Ga,Te),

2Pb@ + 2Ga@ + 24Tel — (5)
— 2PbTe® + Ga,Tef).

Thus, Ga3* ions may exist together with
lead vacancies Vpp* within the region of
nonstoichiometry outside PbTe-GaTe
pseudobinary section (Fig. 4b). These Ga3*
ions have surplus positive charge relative to
Pbp,* atoms in regular positions and may
affect the charge carrier density in PbTe:

Garo¢— Ga&pb + A (6)

As it was established before [3], the in-
fluence of Ga impurity atoms on the energy
spectrum of PbTe shows the dependence
upon its concentration and, in general, can
be classified as ambiguous. The summary of
the experimental data obtained in this work
allows us to assume that amphoteric (donor
and acceptor) character of Ga impurity
atoms is connected with its different values
of oxidation number (+1) or (+3) as well as
its different position (Gap, and Ga;”) in
PbTe crystal matrix also.

4. Conclusions

The boundary of Ga limited solubility re-
gion in PbTe matrix has been drawn based
on the microstructural observations, XRD
and EPMA results. From the representation
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on a Gibbs composition triangle, it is clear
that the analysis of the PbTe—GaTe pseudo-
binary cross section only does not exhaust
the process of Ga solubility in PbTe matrix
as a whole. The formation of Ga solid solu-
tions is to be considered in PbTe-Ga,Te;
pseudobinary system also. It is necessary to
assume that at fixed temperatures, bounda-
ries of homogeneity region and phase con-
stitution of PbTe(Ga) films depend upon
the two main factors: the ratio between Ga
and Pb concentration and content of Te
atoms. In the case when Te, partial pres-
sure goes beyond the stoichiometric ratio,
the formation of Ga3* ions with oxidation
number (+3) is possible. Summarizing of
the experimental data obtained in this work
allows us to assume that amphoteric (donor
and acceptor) character of Ga impurity atoms
is connected with its different values of oxida-
tion number (+1) or (+3) as well as its differ-
ent position in PbTe crystal matrix also.

This work has been partly supported by Rus-
sian Federation Foundation for Fundamental Re-
search (Grant # 09-03-97561-r center a).
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Posuunnicts Ga y naiBgax PbTe,
BHPOIIEHNX HAa KPEeMHI€BHUX iJKJIAaAKax 3a JOMOMOTIOI0
Moau(iKOBAHOr0 METOAy rapsa4oi CTiHKH

A.M.Camoiinos, C.B.Benenko, E.A./Jonzononosa,
A.M.Xosise, IO.B.Cunopoé

Hocaimxeno mexi obsacri icuyBanusa TBepaux posumuiB Ga y miaiBkax PbTe, cuuresosa-
HUX MeTogoM rapadoi crimkm” Ha Si mizkmazxkax. BuBueHo KinpKicHMII CcKiaag IIiBOK
Pb,_yGayTe (TOBIIMHOIO IIOHAJ 1 MKM) B 3a/IeKHOCTI Bij mapriajibHMX THCKIB MeramiuHmx
KOMIIOHEHTIB i xaiapKoreHy. 3acTocoBaHO penTreHorpadiuni mocraimxennsi, PEM Ta meror
JIPCA romMoreHHUX ILJIiBOK Pb1_yGayTe. ITokasaHo, 110 00J1aCTh TOMOTEHHOCTI TBEPAUX PO3-
YNHIB Taliio y TeJypuAi CBUHIII0 Mae acUMeTpUUYHY (popMy BigHOcHO KBasdibiHapHOTO PO3pisy
PbTe-GaTe. Beranosieno, 1o 36iJbIlleHHA BiAXWIeHHA Big cTexioMerpii mIiBok Pb1_yGayTe
y OiK HAZJIWUIIIKOBOTO BMICTy TeJqypy CHOpPHUAE HiABUNIEHHIO PO3YMHHOCTI TaJil0 Yy MaTpPUILL
TeJypify CBUHILIO.
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