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To determine the kinetics of pre-threshold defect formation, studies have been carried
out of dielectric permittivity of isovalently doped zinc selenide and Cd,_/Zn,Te crystals
(x = 0.16). X-ray irradiation of the samples was carried out (W-anode, 100-150 kV), with
its dose D varied within the limits of up to 900 R. Dielectric parameters ¢ and &’ were
measured by the capacitance technique in the frequency range 1...50 kHz. The photoactive
states were studied by the method of scanning photodielectric spectroscopy. Non-trivial
changes were noted in parameters € and €’ upon increasing radiation dose. The values and
sign of these changes depend upon the dose, as well as on frequency of the AC electric
field. It has been shown that, starting from small values of D, transformation occurs of
the system of intrinsic structure defects: concentration of initial defects is changed, new
defects are formed, as well as their associates. Substantial difference has been noted in
behavior of the said parameters for ZnSe and Cd,_,Zn,Te crystals.

Ona ompeneseHrsa KUHETHUKHU TOMOPOTOBOTO Me(eKTo00pasoBaHUA KCCJIEN0BAIACH JUI-
JIEKTPUUYECKas IPOHUIAEMOCTh M30BAJEHTHO JIETMPOBAHHOTO CEJIeHUIA IUHKA U KPUCTAJJIOB
Cd,_,Zn,Te (x = 0,16). O6rydyerme o6pPa3IOB IIPOM3BOJUIN DPEHTTEHOBCKUM H3JIydeHHEM
(W-anon, 100-150 kB), mosa D xotoporo BapbupoBajachk B npezaenax mgo 900 P. [uanexkTpu-
yecKue mapaMmeTrpbl € u €’ M3MepAJMCh EMKOCTHOM MeTOAMKONM B [Juala3oHe YacTOT
1...50 kT'm. PoTOAKTUBHBIE COCTOSHUA KCCIENOBAIN METOIOM CKAHHUDYIOIEH (OTOMUIIECKT-
pUYEeCKOoi crnexkTpockonuu. O0HAPYKeHbl HeTPUBUAJbHBIE U3MEHEHUs HapaMeTpoB € u € mo
Mepe BO3pacTaHUsA HO3bI O0JyueHUsA. BelnunHa U 3HAK STUX U3MEHEHUIN 3aBUCAT OT HO3BI, a
TaKKe YACTOTHI IIePEMEHHOI0 3JIEKTPUUYECKOro moA. IloKkasaHo, uTo, HAUMHAA YoKe C MaJbIX
3HaueHu D, NPOUCXOAUT MIPeoOpPasoBaHME CHUCTEMBI COOCTBEHHBIX Oe(PEKTOB CTPYKTYPHBI:
M3MeHAETCA KOHIIEHTPAIUA HCXONHBIX Ne()eKTOB, 00pPa3ylOTCs HOBBIE Ae(PEKTHI M MX acco-
muatel. HabuogaoTces CyIecTBEHHBIE OTJMUYHUSA B IIOBENEHUM YKA3AaHHBIX IapaMeTpoB IJIs
kpucraanos ZnSe u Cd,_Zn, Te.
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Ionizing radiations are known to cause
processes of formation, migration and inter-
action of point defects, in which intrinsic
defects of the crystal are also involved. As
a result, wide spectrum of crystal proper-
ties is changed. In this relationship, studies
of irradiated semiconductors touch many
problems of physics and technical applica-
tion of crystals, including modification of
their properties by radiation [1]. Such stud-
ies are mainly concerned with the radiation
type and the absorbed dose, peculiar fea-
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tures of composition and defect structure of
the crystal, as well as the electrophysical
property under study. The present work was
aimed at studying changes in dielectric pa-
rameters and energy spectrum of the local-
ized states of isovalently doped ZnSe
(ZnSe(lVD)) and Cd,_,Zn,Te (CZT) crystals
that could be caused by effects of X-ray
radiation.

Zinc selenide crystals were grown by
Bridgman-Stockbarger method in a vertical
compression furnace under argon pressure
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Fig. 1. Dose dependences of ¢ and ¢€” for
ZnSe(lVD), a — primary (1 h. after X-ray irradia-
tion), b — secondary (24 h. after X-ray irradiation):

1 —1kHz, 2 — 5kHz 3 — 10 kHz

of up to 5108 Pa. Graphite crucibles were
used. The temperature in the crystallization
zone was 1850 K, and the growth rate was
2—5 mm/h. The source materials were ZnSe
of 5N offered by ELMA, Inc. The isovalent
doping (with tellurium, oxygen or cadmium)
was accomplished by adding 0.5—-1 mass.%
in the charge. Concentration of Zn in CZT
crystals was determined by electron probe
microanalysis (EPMA) [2]. According to the
data obtained, these crystals are solid solu-
tions with Zn concentration x = 0.12...0.15.
It should be stressed that in the given con-
centration range optimum combination of
high resistivity and transport properties of
the charge carriers is observed, which
places CZT crystals among the most promis-
ing materials for detection of ionizing ra-
diation at room temperatures [3]. Concen-
trations of admixtures were determined by
laser mass-spectrometry (LMS) and did not
exceed 1074 mass.% for 75 elements. Irra-
diation of samples was carried out by X-ray
Kqq-radiation (W-anode, 150 kV), with ex-
posure dose varying up to 900 R.

Polished ZnSe(IVD) and CZT samples of
10x10x3 mm3 size were used. Onto their
large faces, electric contacts were applied in
the form of eutectics In—Ga. Dielectric per-
mittivity ¢ and dielectric losses &’ were
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Fig. 2. Dose dependences of & and ¢’ for
CZT, a — primary, b — secondary:
1 —1%kHz, 2 — 5 kHz 3 — 10 kHz

measured by the capacitance procedure
using an R5016 AC bridge. The sample was
placed into a specially prepared measure-
ment cell (MC), which ensured high value
and stability of electric capacitance between
each of its surfaces and the adjacent elec-
trode. Dependences of electric capacitance
and dielectric losses of MC upon the ab-
sorbed dose had been measured in advance
and were accounted for in calculations of &
and €”. The localized states of the carriers
were studied by the method of scanning
photodielectric spectroscopy [4].

Dose dependences of ¢ and €’ for
ZnSe(IVD) and CZT crystals are shown in
Figs. 1 and 2. It can be seen that these
dependences for € are similar for all fre-
quencies of the measurement field. A char-
acteristic feature of the presented curves is
the presence of regions of rapid changes in
the dose range up to 50 R. At higher doses,
smooth changes in the values of this pa-
rameter are observed: predominant decrease
for CZT, but rise for ZnSe(IVD) crystals.
For dose dependences of €” for the crystals
studied, it is essential that their character
be determined by the measurement field fre-
quency. One should note the most rapid
changes of this parameter that are also ob-
served in the dose range up to 50 R. The
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largest relative changes were observed at
1 kHz for both types of the crystals studied.

It has been shown that after irradiation
dielectric parameters of the crystals studied
are changed. These changes characterize the
dose dependences (see Figs. 1, 2), each point
on which was obtained in 24 h after irradia-
tion of the sample by the corresponding
dose. Comparing dose dependences of ¢
measured in one hour or 24 h after irradia-
tion, i.e., primary and secondary (after
24 h) ones, we can see that they are similar
for crystals of both compounds. At the same
time, the secondary dependences show much
wider ¢ decrease range in the dose range up
to 50 R. The secondary dose dependences of
¢” are different in their appearance from
the primary ones. This peculiarity of the
secondary dependences is more clearly ex-
pressed with CZT crystals.

The obtained dependences of dielectric
parameters upon the radiation dose allow us
to conclude that there are differences in
principle for changes of the defect structure
of ZnSe(lVD) and CZT crystals in the dose
range up to 50 R and above. At low doses,
transformation processes of initial defects
are predominant, as the probability of such
processes is higher than of defect formation
processes in the structurally perfect part of
the crystal [5]. In fact, at these doses we

can speak about "radiation annealing” of
the crystal structure defects. At higher
doses, the number of primary defects de-
creases, and the main role is played by for-
mation of radiation defects in the structur-
ally perfect parts. Dependences of dielectric
parameters on the absorbed radiation dose
becomes uniform.

According our experiments, these as-
sumptions are supported by dependences of
€¢” on the coordinate of a light probe, as
well as by the energy spectrum of the local-
ized states of carriers (Table 1,2) corre-
sponding to different radiation doses. The
data presented in the Tables show that irra-
diation causes changes in the spectrum of
localized states, beginning from the dose of
5 R. It should be stressed that X-ray radia-
tion, having given birth to radiation de-
fects, causes a non-equilibrium state of the
system of point defects. Transition of the
system to the equilibrium or metastable sta-
ble determines continued change of ¢ and &”
after the radiation influence had stopped,
which was observed in our experiments. Dif-
ferent behavior of these values at higher
doses for different frequencies of the meas-
urement field is probably related with multi-
plicity of types of the initial structure defects
and, as a consequence, the presence of broad
distribution of relaxation times. The pre-

Table 1. Trap levels for ZnSe(IVD) crystals after different dozes X-ray irradiation

Groups of trap Doze of X-ray irradiation, R

levels 0 5 50 300 900
A - -0.09...-0.08 -0.10...-0.07 -0.11 -0.10...-0.08
B -0.07 -0.05...-0.06 -0.05 -0.05...-0.04 -0.05
C -0.02 -0.02 -0.02 -0.02 -0.02 D
D 0.003 0.003...0.02 0.003 0.003...0.04 0.003...0.003
E 0.05...0.24 0.07...0.49 0.10...0.22 0.09...0.48 0.11...0.50
F 0.61...0.72 0.61...0.72 0.61...0.72 0.61...0.72 0.61...0.72
G 1.29...1.59 1.46...1.58 1.30...1.57 1.47...1.53 1.49...1.53

Table 2. Trap levels for CZT crystals after different dozes X-ray irradiation

Groups of trap Doze of X-ray irradiation, R
levels
0 5 50 300 900
A 0.09...0.2 0.08...0.18 0.10...0.16 0.10...0.19 0.12...0.19
B 0.23...0.31 0.27...0.3 0.22 0.23...0.27 0.22...0.26
C - - 0.34 0.39 0.41
D 0.51 0.49 0.45 0.46 0.45...0.48
E 0.54 - - - -
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dominant change under irradiation of speci-
fied defects leads to the largest change in
dielectric response at the corresponding fre-
quencies.

Changes in dielectric parameters of
ZnSe(IVD) and Cd,_,Zn,Te crystals under
x-ray irradiation are caused by transforma-
tion of their defect structure, with the main
role played by point defects. Studies of the
dielectric response in the low-frequency re-
gion in combination with measurement of
spectra due to localized states provide us
with information on evolution of the defect
structure under influence of small doses of
radiation. Such information is important
both from the point of view of predicting
the radiation stability of electron devices and
finding out the mechanisms of pre-threshold
defect formation in AIBV! crystals.

The research described in this publica-
tion was made possible in part by Award
No.UE2-2484-KH-02 of the U.S.CRDF, and
has been carried out with financial support
from the National Academy of Sciences of
Ukraine.
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PagianiiHo-iHAyKOBaHI 3MiHM MieJJeKTPUYHHUX Ta
doToerekTpuUHNX BiaactuBocreii kpucraiais Al'BY!

B.Puscurxoe, M.Cmapicuncorui, O.9yzai, B.Ceminomxcenko,
B.Muzanws, B.Komap, I.Kaumenko, K.Kampymnos,
C.A6awun, C.Onitinur, C.Cynuma, 1.3ena

s BuU3HAUEHHS KiHETHMKM TOIOPOTOBOTO AedeKTOYTBOPEHHS MOCJiAKyBajiacd mi-eJIeKT-
PUYHA OIPOHMKHICTL i30BaJIeHTHO JIETOBAHOTO CeleHiny muHKY Ta kpucranxis Cd,_Zn Te (x =
0,16). OmpomiHeHHs 3pasKiB MPOBOAUIUN peHTTeHiBcbKuM BunpoMminenuam (W-amoxm, 100—
150 xB), mosa D sixoro amiHmoBajack y mexxkax g0 900 P. IMiemexrpuuni mapamerpu € Ta €’
BUMipIOBAJIKUCA €MOCHOI0O METOAMKOI0 y amiamadoni dactor 1...50 xI'm. PoToaKTHBHI cTaHU
IOCHiMPKyBaJlyd METOJOM CKaHy4oi (GoTomieleKTpUUYHOI CIEKTpPOCcKomii. 3HalifeHi HeTpu-
BianbHi 3MiHeHHs mapameTpiB € Ta €’ Ipu 3POCTAHHI J03U ONPOMiHeHHs. BeiuuuHa i 3HAK
MuX 3MiHEHb 3ajieKaTh BiJl H03M, a TAKOYK YACTOTH 3MIiHHOTO €JeKTPUUYHOTO mojsd. Ilokasa-
HO, 1[0, MOUYMHAIOUM 3 MaJuX 3HaueHb D, BigOyBaeThcs IepeOyJoBa CHUCTEMHU BJIACHUX [e-
GeKTiB CTPYKTypU: 3MiHIOETHLCS KOHIIEHTpAIliid BUXiZHUX AedeKTiB, YTBOPIOIOTLCSA HOBi me-
dexTu Ta ixHi acomiatu. CrocrepiraroThbCsa CYTTEBI BifsHaAKM y HOBeMiHIII BKasaHMUX IIapa-

meTpiB A1s kpucraris ZnSe Tta Cd,_Zn,Te.
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