PHY SICS AND CHEMISTRY OF SOLIDSTATE
V. 18, Ne 3 (2017) P. 321-323
DOI: 10.15330/pcss.18.3.321-323

PACS number: 61.82.Fk

OI3UKA I XIMIA TBEPAOI'O TUIA
T. 18, Ne 3 (2017) C. 321-323

ISSN 1729-4428

Yu.V. Kova', D.A. Zakharchuk®, L.V. Yashchynskyy?, L.I. Panasyuk®, S.A. Fedosov®

Features of Structural nhomogeneitiesin Doped Cadmium
Antimonide Crystals

L utsk National Technical University, 75, Lvivska Str., 43018 Lutsk, Ukraine, jura_koval @ukr.net
2| esya Ukrainka Eastern European National University, 13, Volya Ave., 43025 Lutsk, Ukraine

The paper presents the results of research to identify inhomogeneities in tellurium doped CdSb crystals. The
work aims to investigate the influence of structural inhomogeneities and establish the presence of periodicity in
the distribution of data inhomogeneities. It was found with two-probe compensation method, optical topography
method, scanning electron microscopy and EDX-analysis the presence layered structure with several layers of

types, characterized by different periods.
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I ntr oduction

It's well known that the crystals grown by
Czochralski method or zone melting method, are the
layered structure (layers or srips of growth) [1-3].
Layered dtructure is a periodic change in the
concentration of impurities and defects along the growth
axis of the crystal. This causes periodic changes in
resigivity and other parameters crystals affect the
properties of devices yield of integrated circuits, features
position-sendgtive detectors and long-range particles
detectors for which the maximum geometric size is
chosen aong the axis of crystal growth [1].

|. Analysisof recent research and
publications

In the works of many authors, in particular [2, 4],
draws attention to the fact, that period is different layered
inhomogeneity in the range of tens of microns to
millimeters and growing proportion temperature gradient
in the crystallization front. It is believed that the impurity
band formed by temperature fluctuations during crystal
growth, arising from the rotation or as a rexult of
convection currentsin the melt. This leads to fluctuations
in the rate of growth that cause non-uniform distribution
of impurity segregation coefficient which is different
from the unit. The formation of bands of high and low
impurity concentration dependence of thisratio is due to
growth rate and the speed of rotation of the crystal.
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Along with the fact there is another point of view,
according to which the layered structure is the result of
convection currents caused by temperature gradients. As
a result of growing concentration hypothermia front
quickly moving forward to the disappearance of unstable
temperature gradient when the growth rate again takes a
normal value. A periodic repetition of the process of
changing the rate of growth in crystal form transverse
layers with different content of impurities.

Anaysis of many methods used to study
inhomogeneities in semiconductors, showed that in the
case of multivalley semiconductors necessary
requirements can satisfy quantitative control two-probe
compensation (TPC) method with the greatest possible
resolution. Accuracy TPC-method was practicaly
depends on the resistivity of the material, because the
current through the measuring probes when full
compensation is not and they are potential [5].

The goal of the article is to identify structura
inhomogeneitiesin tellurium doped cadmium antimonide
crystals, and to establish the presence of periodicity in
the distribution of these inhomogeneities.

Il. Materials and research results

Samples CdSb(Te) for research TPC-method were
cut paralel and perpendicular to the axis of crystal
growth. A sample was passed stabilized constant current
that could change, both in magnitude and direction.
Voltage drop between the probes measured
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compensation method usng potentiometer setting.
Measurement ofrreistivit¥ conducted along the length of
the sample (j [001],j [010]) with a resolution
05mm. As a result of the measurement curves
constructed experimental resistivity distribution aong the
length of samples (Fig. 1).
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Fig. 1. Relative resistivity deviation from the mean for
samples CdSh(Te), cut out to the axis of crystal growth:
1 —paalld; 2 — perpendicular.

In the obtained dependences Dr /(r) = f(x) revealed
a much higher resigtivity deviation from the mean <r >
in samples cut along the axis of crystalr growth j [001]

than cut perpendicular to this axisj [010]. Sudden
changes in gradient resigtivity Dr in the direction of
crystal growth due to the existence in this field gradients
significant carrier concentration Dn . Therefore, we can
speak of crystal growth in the direction of impurity
concentration inhomogeneities, with a periodicity should
be noted (a few millimeters) in their distribution along
the length of the samples.

Fig. 2—Topograms longitudinal section doped Te CdSb
crystal.

We also studied the data of crystals by optical
topography and revealed the presence in their layered

structure with a period of about 300 microns (Fig. 2).
Analysis of results obtained both the TPC-method
and by the optical topography shows layered structure
with several layers another type, characterized by
different periods. In order to test this assumption studied
the structure on scanning el ectron microscope (Fig. 3).

Fig. 3. The tructure of CdSh(Te) crystals.

In the course of these studies revealed a layered
structure with a period investigated crystals of the order
of 1.5 microns.

Along with those using Energy Dispersive X-ray
(EDX) andysis assessment made distribution  of
chemical elements in the bulk crystal. In the obtained
dependence (Fig.4) aso observed inhomogeneous
distribution of impurity concentration Te along the length
of the samples.
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Fig. 4. Didtribution of chemical eements in length
samples CdSh(Te).

Conclusions

From the researches results TPC-method, optical
topography method, scanning electron microscope and
EDX-analysis follows, in Te doped CdSb crystals are
layers of inhomogeneous distribution of impurities from
different periods that must be considered when studying
the anisotropy of the physical properties of crystals of
data and designing devices with them.
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Oco0IMBOCTI CTPYKTYPHHX HEOJHOPIAHOCTEH B JIETOBAHUX MOHOKPHCTAJIAX
AHTHMOHIAY KaAMil0
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VYV pobori mpezacTaBiieHi pe3yabTaTH JOCHTIIPKEHb [0 BHSBICHHIO HEOJHOpiqHOCTEH B Kpucramax CdSb,
neropaHux Te. Pobora mepecnimye MeTy AOCHIIUTH CTPYKTYPHI HEOIHOPIJHOCTI Ta BCTAHOBUTU HAasBHICTh
MEepioJUYHOCT] B PO3MO/UI JAHUX HEOIHOPiJHOCTEH. BUsABIEHO 3a OTOMOror0 IBO30HI0BOr0 KOMIICHCALIIHHOr O
MeTomy, onTuuHOi Tomorpadii, pacTpoBoi enekTpoHHoi Mikpockomii Ta EDX-ananizy HasBHicTH mapyBaToi
CTPYKTYPH 3 AEKUIbKOMA TUIIAMHU LIAPiB, 10 XapaKTePU3YIOThCS PI3HUMU IEPiOJaMH.

KurouoBi ci10Ba: aHi30TpoIIis, KpUCTall, IOMIIIKa, OMip, HEOIHOPIJHOCTI, apyBaTa CCTPYKTYpa.

323



