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Llens pabGOTEI — IOyYESHHE W XapaKTEPUCTHKA ITOJHKPUCTAININISCKUX 00beMHBIX cIIaBOB PbySny.xTe, BrIpanieHHBIX METOIOM
cunTe3a Pb, Sn u Te 27eMEHTOB B OTKAQUSHHBIX KBAPLEBBIX aMITysax. DJIEMEHTHbIH COCTaB MOJyIEHHBIX 00pa3LoB ObLT ompe-
JIeJIEH METOJIOM SHepro-auccnepcuoHHoi pentreHorpadun (3/IP). CtpykTypHas XapakTepueTuka Obuia UCCIIe0BaHa PEHTIe-
HoBckoi nudpakmumeii (PM). [TopormkoBas peHTreHOBCKast IU(PAKIHS CIUIABOB IT0Ka3aia, eIMHCTBEHHYIO (a3y — KyOUUecKyIo.
IMTapameTp peleTKkH a, pacCUuTaH Ha OCHOBE PEHTI€HOBCKUX JIaHHBIX. 3aBUCUMOCTh TOCTOSTHHOM pelIeTku oT cocTaBa X, IOKa-
3bIBaCT JIMHEIHOE MOBEAEHUE H MOXKET ObITh OIMCaHa 3aKoHOM Berapna.

Knrouegvie cnosa: mennypuo céunya-o106a, penmeeHosckas OUPpaxyus; dHepe0-0uUccnepCUoOHHAs PeHM2eHoepaPUs, MUKpO-
cmpykmypa, napamemp peutemxu.

The aim of this work is the preparation and characterization of the'polycrystalline PbxSn, xTe bulk alloys, which isgrown by
synthesis via a reaction of Pb, Sn, Te elements in sealed quartz ampoules. The elemental composition of the obtained samples
was determined from energy dispersive X-ray (EDX). Thésstructural characterization was investigated by X-ray diffraction
(XRD). The powder of X-ray diffraction of the alloys showed assingle phase only, which was found to be cubic. The lattice pa-
rameter o is calculated from the peak positions of X-ray diffraction data. The dependence of the lattice constant on composition

X exhibits a linear behavior and may be described by the'Vegard’s law.

Keywords: lead tin telluride, X-ray diffraction; energy dispersive X-ray, microstructure, lattice parameter.

Introduction

The lead-tin telluride alloysy(PbxSn;.xTe) sys-
tem has been investigated for many decades and
applied mainly in the/ fabrication of infrared
photodetectors and diodeslasers [1]-[3]. The quality
of single crystals is of great importance in the fabri-
cation of detectors'in the-range of 8 to 14 um region
[4]-[7]. Melt growthvof lead tin telluride presents a
challenge becauseythis process is thermosolutally
unstable in gravitational fields [2]. The technological
importance of PbySn; xTe is based on its band gap
versus composition diagram which has a zero energy
crossing=at approximately 40% SnTe. A convenient
way of determining the composition of an alloy from a
complete solid solubility is by measuring its lattice
parameter. The elemental compositions of PbySn; xTe
can be accurately measured from the lattice parame-
ter (a°) calculated from the peak positions by using
Vegard’ law [3]. These bulk alloys are used for
preparation of thin films, because of this, the inves-
tigation of structural properties is important. Early
investigations showed varied results in structural
parameters of this system depending on technology
of preparation. This work represents our result on
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preparation and investigation of PbyxSn;xTe bulk
alloys.

1 Experimental

Polycrystalline PbxSn; xTe (0.0 <X <1.0) al-
loys were synthesized by the fusion method. In this
method, the reaction between the sulfur vapors and
molten metals were allowed to take place gradually
in evacuated silica ampoules. High purity (99.999%)
mixtures of constituent elements (Pb, Sn, and Te) in
stoichiometric proportions (with an accuracy of
5x10™g) were sealed into evacuated silica tubes at
the pressure of 10° Torr. The ampoules were then
placed into an electric furnace and kept at 450°C for
7 days and after that at 700°C for 10 days. The am-
poules were gradually cooled with a cooling rate of
about 20°C/h to room temperature in order to obtain
polycrystalline PbxSn; xTe bulk material.

The crystal structure of the PbyxSn, xTe alloys
was observed by X-ray diffraction (XRD) using a
Siemens D-5000 diffractometer with CuKa
(1= 1.5418 A) radiation. The observed phases were
determined by comparing the d-spacing with the
Joint Committee on Powder Diffraction Standard
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(JCPDS) data files. The elemental composition of
the obtained materials was determined from energy
dispersive X-ray (EDX) data, using Scanning elec-
tron microscope Stereoscan-360 with EDX spec-
trometer AN 10000 with an accuracy of about 2%.

2 Results and Discussion

Figure 2.1 shows the EDX spectra for the ob-
tained PbxSn; xTe alloys with different composition,
illustrating the respective peaks of lead, tin and tellu-
rium. For each element there are some peaks that
can be distinguished, these are defined as K,, K,
and L —series (Lo, Lg 1 L, lines) alpha (o) and beta
(). These peaks originate from the relaxation of
excited electrons [8]. In the spectra presented in fig-
ure 2.1, all elements show the K,, Kz peaks which
indicate both the final place of the electron and also
the type of transition that has taken place. For exam-
ple, K, indicates that the electron has jumped to a K
shell from the nearest outer L shell. Since the prob-
ability of transition from the nearest shell is greater
the peak intensities for K, transitions are larger than
for Kz peaks. The energy dispersive analysis shows
that the obtained alloys are homogeneous and the
compositions are reproducible. This clearly shows
that composition control can be easily achieved us-
ing the fusion method.

Te
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Energy, KeV
Figure 2.1 — Energy dispersive X-ray (EDX)
patterns of PbxSn; xTe bulk alloys

Table 2.1 shows the composition and lattice pa-
rameter of PbxSn;xTe samples. Also the atomic
percent of elements has been shown in the table. As
shown in the table, by increasing the mole fraction
of Pb in the composition, the linear increasing is
observed in the lattice parameters of our samples.

X-ray diffraction measurements were per-
formed to identify the crystal structure and phases in
alloys. Figure 2.2 shows the XRD spectra patterns
for PbxSn; xTe alloys. Many methods are used for
accurate determination of peak positions.

We used Gaussian method in software, Origin.
For achieving the lattice parameter to withinsl,10”
nm, we must calculate the peak positions/to within
0.02°. Naturally there are different types)of system-
atic errors associated with différent x-ray instru-
ments. We extrapolated peak positions to high 26
using a function that minimizes therinfluence of sys-
tematic errors. There are different types of extrapo-
lation functions for different types of systematic
error in the lattice parameter [9]-[11]. We used the
Nelson- Riley function'to achieve accurate data. The
Nelson-Riley Function (equation 2.1) is applied very
well for Diffractometers, because the first term
(cos’A /sind)corrects for sample displacement, typi-
cally” the \main error source. The second term
(cos*@/ Gymay be correct for vertical divergence of
the, incident beam. Decreasing the window of the
detector slit reduces the error due to vertical diver-
gence [12]:

2 2
ﬂ:k(cos 9+cos Qj, @2.1)

d sin @ 0

where £ is a constant.

The XRD spectra showed that bulk materials
have polycrystalline nature with the cubic NaCl
crystal structure and indicates the absence of other
phases [6], [13]. All XRD peaks are shifted to lower
angels with the increase of Pb content in the PbySn;_
xTe compounds. The JCPDS data files for SnTe and
PbTe are card number of # 46-1210 and # 78-1905,
respectively. The PbxSn;xTe alloys exhibited a
(200) peak representing the preferable orientation.
The spectrum also showed other peaks in addition to
the (200) peak. The most intensive additional peaks
corresponds to (220), (222), (400), (420), (422) and
(440) orientations.

Table 2.1 — Composition and lattice parameter of PbxSn;.xTe alloys system

)
t)”:;::?i(())lﬁ Composition b Atoglric o To Lattice parameter, A

0.1 Pbo']osno.goTel‘oo 4.92 44.93 | 50.15 6.327

0.14 Pb0,14Sn0_86Tel‘00 6.80 42.78 | 50.42 6.331
0.35 Pb0‘3SSn0A65TeL00 17.62 | 32.45 | 49.93 6.342
0.53 Pb0‘53Sn0A47TeL00 26.83 | 23.57 | 50.60 6.383
0.85 Pb0‘85sn0A15TeLoo 42.65 7.20 50.15 6.419
0.90 Pbo‘gosnoAloTeLoo 44.86 497 50.17 6.436
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Figure 2.2 — X-ray diffraction patterns
of PbxSn;_xTe bulk alloys and the JCPDS data
for PbTe and SnTe
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Figure 2.3 — Lattice parameter of PbxSn;.xTe
alloys system

Just Short stated that the lattice parameter of
PbxSn; xTe system has a positive deviation from
Vegard’s law [14]. Bis et al. have showed that in
small deviations from stoichiometry, Vegard’s law is
satisfied for PbSnTe alloys [15]. Also Abdel Rafea
et al. showed the linearity of the lattice parameter of
this system [13].
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The cell parameters were evaluated using the
standard equation for a cubic crystal structure. The
evaluated interplanar spacing (d-values) and the lat-
tice parameter of PbxSn; xTe alloys are in agreement
with the standard JCPDS data. It was found that the
variation of lattice parameter versus composition (X)
is virtually linear and followed to the Vegard’s law
behavior. This relationship was calculated mathe-
matically by least-squares analysis. The general ex-
pression for these relations is

a (alloy) = 0.136X + a (SnTe), (2:2)
Where a (alloy) is the lattice constant of the alloy,in
A; X, is the alloy fraction; and a (SnTe), is'the\lattice
constant of SnTe.

Our investigations showed that the, lattice pa-
rameter of the Pb, xSnyxTe bulk @alloys prepared by
the fusion method obeys Vegard's law,

Conclusions

We have successfully synthesized polycrystal-
line PbxSn;.xTe (0.0'< X <1.0) alloys by the fusion
method. The energy dispersive analysis showed that
the obtained alloys are homogeneous and the com-
positions ate reproducible. The XRD spectra showed
the polyerystalline nature with the cubic NaCl crystal
strueture and indicated the absence of other phases.
Itewas established that by increasing the content of
Pb\in, the near stoichiometry PbySn; xTe composi-
tions, the lattice parameter, in accordance to Ve-
gard’s law, is significantly linearly increased.
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