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For the first time, the change in the real and imaginary parts of Cd1–xZnxTe crystals complex dielectric 
permittivity when exposed to ionizing radiation with a small exposure dose rate (about hundreds of μR/h) 
has been studied. Significant changes in the values of both parts of complex dielectric permittivity have 
been revealed. Regularities of specified changes have been established and explained taking into account 
a different radiation effect on free and bound charges. The basis of effect is the changes in the charge carrier 
localized states of point defect associates. Their appearance is due to a high concentration and a variety of 
intrinsic structural defects in the studied crystals as a consequence of the deviation of the crystal composi-
tion from the stoichiometric one.
Keywords: localized states, semiconductors, complex dielectric permittivity, cadmium zinc-telluride, ion-
izing radiation

1. Introduction

It is well known that changes in the electrophysical 
properties of crystalline semiconductors, as a  re-
sult of ionizing radiation (IR) exposure, depend 
not only on the energy characteristics of radiation 
(energy of quanta or particles, radiation flux den-
sity, etc.), but also on the composition and struc-
tural perfection of specimens. In Ref. [1], changes 
in the low-frequency band of the real εʹ and imagi-
nary ε˝ parts of the complex dielectric permittivity 
ε* of Cd1–xZnxTe crystals (x  =  0.12–0.18) with an 
increased polarizability due to the effects of ultra-
small exposure doses (5–55  R) of 60Со radiation 
were reported. These changes had been irreversible 
and were explained by the  substantially nonequi-
librium state of the crystal intrinsic defects system, 
which arose due to the deviation of its composition 
from the  stoichiometric one under conditions of 
growth from the melt. In this regard, it is of interest 
to study the change in the real and imaginary parts 
of ε* of Cd1–xZnxTe (or CZT) crystals of the same 
composition when exposed to IR with a small ex-
posure dose rate (about hundreds of μR/h). As far as 

we know, such experiments have not been carried 
out before. In a number of works (see, e.g. Refs. [2] 
and [3]), CZT crystals have been studied as ionizing 
radiation detectors operating in the current mode, 
i.e. when exposed to a constant electric field. Also, 
there are works (see, e.g. Ref. [4]) devoted to the ef-
fect of IR on the dielectric properties of crystals of 
different composition. However, in all these works, 
radiation with the exposure dose rate several orders 
of magnitude higher than the one specified above 
was used.

2. Specimens and the routine of experiment

The studied Cd1–xZnxTe (x  =  0.12–0.18) crys-
tals were grown by the  Bridgman method from 
the melt under a high pressure of inert gas (Ar). 
Details of the crystal growth, as well as manufac-
turing of specimens and control of their composi-
tion, are given in Ref. [1]. Specimens with a total 
number of 30 items were manufactured from dif-
ferent parts of three crystal ingots grown under 
the  same growth conditions from the  same raw 
material. The  values of εʹ and ε˝ were measured 
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by the  capacitance method using an Instek LCR-
819 High Precision LCR meter. An E6-13A ter-
aohmmeter by Punane RET was used to measure 
the  resistivity of the  specimens to direct current. 
137Cs isotope was used to obtain ionizing radia-
tion. The  exposure dose rate of  radiation applied 
to the  specimen was only ~700 μR/h. The energy 
spectrum of charge carrier localized states in the 
crystals was studied by the scanning photodielec-
tric spectroscopy method (SPDS) [5].

3. Results and discussion

It was ascertained that the 137Cs radiation of the spec-
ified exposure dose rate does not cause a noticeable 
effect on the electrical resistivity of CZT crystals in 
a constant electric field. At the same time, the same 
radiation exposure causes significant changes in 
the values of both parts of the complex dielectric 
permittivity ε*. Moreover, only in 10% of the speci-
mens, the response of these values to the IR expo-
sure had a spasmodic nature (Fig. 1(a)). For the re-

maining part of the  specimens more long-term 
changes in these quantities were observed both 
during the  radiation exposure and after the  ex-
posure (Fig.  1(b)). Therefore, for each specimen, 
the change in the quantities of εʹ and ε˝ under IR 
exposure was characterized by averaging their 10 
values measured initially, as well as under radiation 
exposure. The difference between the average val-
ues of these quantities was calculated:

∆εiʹ = 〈εγʹi〉 – 〈εiʹ 〉,

∆ε i̋ = 〈εγi̋
  〉 – 〈ε i̋ 〉. (1)

In this expression, the  index γ is provided to 
the  quantities measured under IR exposure. It is 
important to note that the parameters ∆εiʹ and ∆ε i̋ 
for some specimens had a positive sign, while for 
the  others they had a  negative sign. For this rea-
son, the change in the parts of ε* for the entire set 
of specimens was characterized by averaging over 
it the  absolute values of the  specified parameters. 

Fig. 1. Time dependences for the parts of the complex dielectric permittivity observed before and after the ex-
posure of ionizing radiation (light circles) and during the exposure (dark circles): (a) spasmodic changes caused 
by radiation exposure, (b) long-term changes in the complex dielectric permittivity.
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As a result, the parameters 〈|∆εiʹ |〉 and 〈|∆ε i̋ |〉 were 
obtained. Their frequency dependences are shown 
in Fig. 2. As we see, on a double logarithmic scale, 
these dependences have a form of linear segments 
forming a negative angle with the  frequency axis. 
This allows us to conclude that the studied speci-
mens are characterized by a decrease in the abso-
lute values of parameters ∆εiʹ  and ∆ε i̋ with the fre-
quency under the law ∆εiʹ (∆ε i̋  ) ~ f–γ (γ is a constant).

To establish the  relation between the changes 
in quantity ε* under IR exposure and the point 

structure defects that had induced localized states 
of charge carriers in the  band gap, the  energy 
spectrum of these states has been measured by 
the SPDS method. Experiments have been carried 
out on the samples with the highest absolute values 
of the parameters ∆εiʹ and ∆ε i̋ . This choice of sam-
ples is dictated by the  need to ensure the  highest 
method sensitivity. Table 1 shows the  typical val-
ues of the depths for the energy levels of localized 
states with regard to the  top of the  valence band 
in the  initial state of the  crystal, as well as under 

Fig. 2. Frequency dependences for the absolute values of changes in real (a) and imaginary (b) parts of the com-
plex dielectric permittivity, averaged over all samples.

Table 1. Energy spectra of charge carriers localized states in Cd1–xZnxTe crystals, revealed by different methods.

SPDS method
TSC, TEES, 

PICTS methods [6] Supposed origin of 
the states [6]Initial state Under ionizing radia-

tion exposition
Energy, eV Energy, eV Energy, eV
EV + 0.10 EV + 0.10

Ev + 0.10–0.16
Complex impurity-VCd

EV + 0.13 A-centre
EV + 0.15 EV + 0.15 Impurity in Cd sites
EV + 0.17 EV + 0.17
EV + 0.22 EV + 0.22 Ev + 0.19–0.22 VTe

EV + 0.24
EV + 0.28 EV + 0.28 Ev + 0.27–0.29 C, Si atoms
EV + 0.37 EV + 0.37 Ev + 0.35–0.41 Complex VCd

EV + 0.47 Ev + 0.46–0.50 Structure defect connected 
with deformation
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Ev + 0.60 Zn atoms in a complex

Ev + 0.75 Phonon impurities 
and vacancies
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IR exposure. Table 1 also contains the known data 
on the depth and supposed origin of the localized 
states in CZT crystals. As we can see, when exposed 
to radiation, the states with a depth of Ev + 0.13 eV, 
Ev  +  0.47  eV and Ev  +  0.52  eV disappeared, but 
the  states with a  depth of Ev +  0.24  eV appeared. 
Note that all the states that we observed agree with 
those known from the literature [6].

When explaining the described regularities of 
IR effect on the complex dielectric permittivity of 
CZT crystals, we assume that radiation causes ex-
citation of both electronic [7] and elastic (see, e.g. 
Ref. [8]) crystal subsystems. In this case, various 
processes occur in the  crystal, causing a  change 
in the concentration of not only free charge car-
riers, but also a  change in the  characteristics of 
the  subsystem of carriers localized on the states 
in the  crystal band gap. It should be noted that 
while considering the  electric polarization such 
localized charge carriers are usually called ‘bound’ 
(see, e.g. Ref. [9]).

Apparently, the main feature of the investigated 
CZT crystals is that, under the conditions of the ex-
periments (room temperature, low radiation level 
and weak measuring electric field), the response of 
crystals to this field is determined by the behaviour 
of exact bound carriers. This assumption is con-
sistent with the above-noted change in the energy 
spectrum of carrier localized states for the speci-
mens with the greatest absolute values of the para-
meters ∆εiʹ and ∆ε i̋ (see Table 1). In our opinion, 
this feature of the crystals is due to two factors.

The first factor is the high concentration (up to 
1016 cm–3 [10]) and a variety of types [11] of point 
defects in the  structure of crystals. This is due to 
the  deviation of the  crystal composition from 
the  stoichiometric  [12] one and the  presence of 
background (uncontrolled) impurities.

The second factor is related to the  diversity of 
point defects, namely, the presence of point defect 
associates of various types in crystals [13–15]. It is 
natural to assume that, under IR exposure, some 
of these defects pass through reconstruction, and, 
as a result, their polarizability changes. Moreover, 
depending on the  type of associates, their recon-
struction can be accompanied by both an increase 
and a decrease in their polarizability. In this case, 
the  contribution of associates to the  parts of ε* 
changes in a similar way. Due to the compositional 
inhomogeneity inherent in the studied solid solu-

tions [12] and, correspondingly, to the difference in 
the  sets of point defects in individual specimens, 
their parameters ∆εiʹ and ∆ε i̋ are also different. 
The inertia of reconstruction process of the men-
tioned defects causes a weakening of the IR effect 
on the parameters 〈|∆εiʹ |〉 and 〈|∆ε i̋ |〉 with the fre-
quency (see Fig. 2).

4. Conclusions

In conclusion, the flux of ionizing radiation from 
the  137Cs isotope with an essentially low exposure 
dose rate has a  significant effect on the  complex 
dielectric permittivity of Cd1–xZnxTe crystals in 
the low-frequency band. However, with such radia-
tion exposure, no changes in the resistivity of crys-
tals to direct current have been detected. For differ-
ent specimens, the changes in the parts of dielectric 
permittivity could differ in signs. The absolute val-
ues of these changes averaged over the set of speci-
mens decrease with the  frequency of the  electric 
field. This behaviour of the complex dielectric per-
mittivity under radiation exposure is explained by 
a change in the state of point defect associates that 
have arisen during crystal growth from the melt.
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