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Inhomogeneity of dielectric properties
of cadmium zinc-telluride crystals grown
from melt
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Dielectric properties of Cd, ,Zn,Te crystals made from different ingot regions were
investigated in a low-frequency region. Wavelet analysis was used for take-off of regular
component in dependence of both parts of dielectric permittivity from spatial coordinate.
It is ascertained that dielectric response of crystals has a relaxational character. Regular
changes of response characteristics in ingot growth direction were revealed. Such peculi-
arities of properties are explained with changes during growth process not only in ratio of
solid solution basic components, but also of intrinsic structure defects, especially related
with cadmium vacancies.

Keywords: semiconductors solid solutions, CdZnTe crystal, native defects, dielectric
permittivity.

B muskouacToTHON 06JlaCTH WCCIETOBAHBI AUAJMEKTPUUYECKNEe CBOMCTBA KPUCTAJJIOB
Cd,_,Zn,Te, M3roToBIEeHHEIX U3 PABHBIX HacTeil ciauTKA. [[na BHAETeHHT 3aKOHOMEPHOI
COCTABJIAIONIEN 3aBUCUMOCTH OT ITPOCTPAHCTBEHHOM KOOPAMHATHI 00enx uacTeil AMIJIeKTPU-
YyecKON MPOHUIIAEMOCTH NPUMEHANN BeiBJeT-aHaln3. YCTAHOBJEHO, UTO AUIJEKTPUUYECKUiT
OTKJUK KPUCTAJJIOB HOCUT peJlaKCallMOHHBIH xapakTep. OOHApPY:KeHBI 3aKOHOMEpHbIe M3Me-
HEeHUS XapaKTePUCTUK OTKJWKA B HATPABJEHUU POCTA CIAUTKA. OTU OCOGEHHOCTH CBOICTB
00bACHEHB U3MEHeHUeM B IIPOIlecce pocTa He TOJBKO COOTHOIIEHWS OCHOBHBIX KOMIIOHEHTOB
TBEPAOTO PAaCTBOPA, HO M COOCTBEHHBIX Ae()eKTOB CTPYKTYPHI, OCOOEHHO CBASAHHBIX C BaKaH-
CUAMU KaJIMUA.

HeopHopignicTs gieleKTPMYHHX BJIACTHMBOCTEH KPHCTAJIB TeJypHIy KAJAMilO-IIMHKA,
pupomennx 3 poamaaBy. 0.0.Iloay6ospos, O.H.Qyeaii, O.0.Boaowun, .1l Hepebamuves,
C.B.Oxaittnur, C.B.Cyauma.

VY HusbkouacTOTHiNI obgacti gociaigyKeHo [mieleKTPHUUYHI BIACTHBOCTI KpucTaiis
Cd,_,Zn,Te, BuroroBienux i3 pisHux uyacrun siurky. Hua BuIiTeHHA 3aKOHOMIPHOI CKIIamo-
BOI 3aJIe’KHOCTI Bil HpPOCTOPOBOI KoOpIMHATH 000X UYACTHH [ieJIeKTPUUHOI IIPOHHUKHOCTI 3a-
CTOCOBYBAJIM BeliBjeT-aHai3d. BecTaHOBIIEHO, IO TieJeKTPUUYHHKA BIATYK KPHUCTAJIIB Mae pe-
JaKcamiiiauii xapakrep. BusBieHo 3aKOHOMipHI SMiHM XapaKTepHUCTUK BIATryKY y HAIPAMKY
pocry kpucraja. Ili ocobauBocTi BiracTuBOoCTell MOACHEHO 3MiHOIO y IIpoIleci pocTy He TiAbKM
CIIiBBiIHOIIIEHHS OCHOBHHX KOMIIOHEHTIiB TBEPAOr0 PO3UUHY, ajie i BaacHUX He()eKTiB CTPYK-
Typu, OCOOJIMBO IIOB’A3aHUX 3 BaKaHCiAMM Kaiamiro.
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1. Introduction

A well proven fact is that composition
inhomogeneity is a characteristic feature of
solid solution semiconductors. Growth con-
ditions have significant influence on this
peculiarity of crystal composition. Thus, in-
Cd,_,Zn,Te (CZT) crystals as micro-, as
macroinhomogeneities in composition ap-
pear during growth from melt. It is impor-
tant that in certain cases the first ones con-
tain regular (periodical) component in the
crystal ingot growth direction [1], and the
second ones in the direction perpendicular
to specified [2]. These components of compo-
sition inhomogeneity appreciably affect elec-
trical properties of the CZT crystals in low-
frequency region. It matters considering wide
use of given crystals in uncooled gamma-ray
detectors, as far as technical characteristics
of these devices depend from mentioned prop-
erties of the crystal semiconductor [3].

Regular changes of composition in the
growth direction always emerge in the CZT
crystals during growth from melt. They are
specified by changes in the melt composi-
tion [4], difference in segregation coeffi-
cients of background dopants [5] and other
causes. Taking into account the given
above, it is interesting to study the regular
change of low-frequency dielectrical proper-
ties of the CZT crystals in specified direc-
tion. Implementation of such investigation
is the purpose of this work.

2. Experimental

We investigated Cd,;_,Zn,Te (x = 0.05-
0.15) crystals grown from melt under high
pressure of inert gas. Charge preparation
and growth conditions are given in [6].
Crystals’ composition was estimated by en-
ergy dispersive method using electron mi-
croscope REM-106. Specimens were made by
cutting a right-angled wafer from central
part of the crystal ingot (& = 60 mm).
Wafer surface was oriented parallel to
growth direction Z. The wafer was cut to
cuboid form specimens 8x8x6 mm3. The cut-
ting was performed in order to their planes
were parallel or perpendicular to direction
Z. After cutting all facets of the specimens
were sequentially mechanically grinded, pol-
ished and chemically etched. The etching
ensured removal of affected subsurface
layer. Electrical contacts to greater planes
oriented parallel to direction Z were created
by coating with conducting lacquer TLC.
Real € and imaginary €’ parts of € were
measured in the low-frequency region with
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Fig. 1. Dependences of dielectric permittivity
real part and its regular component from spa-
tial coordinate (a), b — the same dependence
for regular component in linear scale.

condenser-type method using immittance
meter LCR-819 by Instek (Taiwan) with an
original measuring cell. The specimen par-
tially fills space between electrodes in the
cell. The amplitude of voltage on the speci-
men was 1 V.

Experimental dependences for € and €”
from the spatial coordinate, of course, con-
tain not only regular, but also random com-
ponents. We used wavelet analysis for ex-
traction of the first one from the experi-
mental data as it described in our works [1,
2]. At this the two-dimensional array of
these values i.e. €(r;, A and ¢€"(r;, Z]-)
(where r; is a coordinate in radial direction,
and Z]- — in the axial one), was transformed
in the one-dimensional €'(l;), €”({;), continu-
ing the series with fixed values Z; with the
next series (in increasing order of j).

3. Results and discussion

Experimental dependence of the real part
of ¢" from the spatial coordinate i.e. €(ly,) is
shown in Fig. la. This dependence has been
obtained with transformation from the two-
dimensional array to the one-dimensional
one as described above. We should notice
that this dependence contains peaks which
are corresponding to the regions near bor-
ders of the crystal ingot. Dependency of the
regular part of the same value €,(l;)
(trend) is given in the same picture. It is
obtained as a result of the experimental
data wavelet filtration. Fig. 2 shows two-di-
mensional distribution of €', with the lines
indicating similar investigated values. We
should specify that the analogous experi-
mental and filtered data dependences for
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Fig. 2. Two-dimensional distribution for
regular component of dielectric permittivity
real part in Cd,_Zn,Te ingot.

imaginary part of €* are qualitatively simi-
lar to given.

Typical temperature dependences of € and
¢” for the specimens from initial and terminal
parts of the crystal ingot are shown in Fig. 3.
As we can see, both this values significantly
depend from temperature T. Presence of the
maximum in dependence €”(T) is charac-
teristic for the specimens from the ingot ter-
minal part. Temperature T, ,, which corre-
sponds to this maximum increases for the
specimens lying more distant from the ingot
beginning (Fig. 4).

Existence of the mentioned above regular
part of ¢ in Cd,_,Zn,Te ingot growth direc-
tion seems natural, because change in
chemical and defect-impurity composition of
the ingot corresponds to transition in this
direction. At that Zn segregation and cad-
mium vacancies Vgy formation in form of
separate defects or components of associates
play the key role [7]. Apparently, drastic in-
crease of €° components near the ingot edges is
connected with V4. The nature of this anom-
aly (essentially non-uniformity) of investigated
crystals dielectric properties, in our opinion,
could be the subject of a separate study.

Turning to the regular change of ¢,
within the investigated part of the ingot, it
is important to note that the segregation
coefficient of Zn is greater than one [8].
Therefore layers of Cd,_,.Zn,Te solid solu-
tion deplete more and more with this com-
ponent during growth from the melt. As-
suming the determining influence of compo-
sition on dielectric properties of
investigated crystals it should be expected
the increase of ¢, at displacement to the
terminal part of the ingot, as its value in
ZnTe is less than in CdTe (10.1 [9] and 11.0
[10], respectively). However, the character
of € change in major part of the investi-
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Fig. 3. Temperature dependences for real and
imaginary parts of dielectric permittivity
typical for specimens from initial (a) and ter-
minal (b) parts of crystal ingot.

390 ¢ . I

380
370 ¢

Tmax 1 K

3601

350

340k

1
r;,au.

Fig. 4. Position of maximum of temperature

dependence for imaginary part of dielectric

permittivity depending on distance from be-
ginning of crystal ingot.

gated ingot doesn’t match this assumption
(see Fig. 1). The main reason for this discrep-
ancy, in our view, is the significant influence
of intrinsic crystal defects including Vg4 and
residual impurities on polarization process.
This influence will be discussed further.
Interesting feature of ¢;, regular compo-
nent behavior within the investigated re-
gion (see Fig. 2) is slope of the current
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value isolines by angle different from m/2
relatively to the ingot axis (Z axis). Such
slope of €/, isolines, in our opinion, is de-
termined by orientation of crystallization
front in relation to the direction of gravity
and therefore growth (Z axis). In fact, the
shape of the front determines not only the
shape of the constant composition surface
[11] in Cd,_,Zn,Te crystals, but also the
shape of the impurity bands [12] in the crys-
tals grown from the melt. The main cause of
crystallization front tilt against melt surface
is disturbance of the thermal field symmetry
in the crystallization region [12].

It is well-known that crystal growth
from melt occurs in varying thermal condi-
tions. Due to change of the thermal condi-
tions and segregation coefficient not only of
Zn, but for majority of residual impurities
difference from one [5] composition of the
growing crystal also changes. As a result
the change in concentration of inhomogene-
ously distributed intrinsic defects which
have the determinative influence on the
crystals dielectric properties is observed.
This assumption is confirmed by difference
in types of the temperature dependences of
¢ and especially €” for regions from initial
and terminal parts of the crystal ingot (see
Fig. 3). The attention should be paid on
that fact that €’(T) dependence maximum is
observed at the same temperature at which
the absolute value 0¢'/0T reaches the
maximum. Tendency of T, ,, increasing for
the specimens lying more distant from the
ingot beginning is observed (Fig. 4). We re-
ported about observing of the e(T) de-
pendence maximum in CZT crystals within
the region of the most rapid increase of €
with temperature in work [13]. This peculi-
arity of the dielectric properties is explained
with presence of potential relief appearing in
semi-insulating crystal due to the inhomo-
geneous distribution of charged point defects
(impurities). Moreover in the case when dur-
ing electric field half-period charge carriers
overcome only one potential barrier with
height U, for angular field frequency o and
T ax the following relation is true [14]:

ol= Tpex u ,
kTmax

where T, is relaxation time, k is the
Boltzmann constant. It is quite possible that
the potential relief for the reasons specified
above has its peculiarities in different parts
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of the ingot. This is reflected in the change
of maximum position of €’(T) dependence
with transition to the specimen from an-
other part of the ingot.

4. Conclusions

Significant inhomogeneity of dielectric
properties is characteristic for Cd,_,Zn,Te
crystals grown from melt. Wavelet-analysis
of changes in parts of complex dielectric
permittivity within major region of the
crystal ingot allowed to take-off the regular
component of this changes. For investigated
region the difference between maximum and
minimum values reached 3 times. It is as-
certained that electric polarization of the
crystals has relaxational character. Not
only composition but also intrinsic defects
inhomogeneously distributed within the
ingot volume appreciably affect the polari-
zation.

Publication includes results of the re-
search provided by grant support of the
State Fond for Fundamental Research
within the framework of the competitive
project F64/5862.
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