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This work is devoted to the study by computer simulation of the mechanisms of the influence of radiation defects, arising under the
influence of neutron irradiation, on the changes in electrical properties: resistivity p, electron mobility ps, lifetime of nonequilibrium
electrons t, and holes 1, in Cdo9Zno.1Te and charge collection efficiency 1 of uncooled ionizing radiation detectors based on this
material. Radiation defects, which are corresponded by deep energy levels in the band gap, act as trapping centers of nonequilibrium
charge carriers, noticeably affect the degree of compensation by changing p of the detector material, the recombination processes,
decreasing 1t and 1p, and also the scattering of conduction electrons, decreasing i, that ultimately can cause degradation of the charges
collection efficiency n. The specific reasons for the deterioration of the electrophysical and detector properties of this semiconductor
under the influence of neutron irradiation were identified, and the main factors affecting the increase in the resistivity of Cdo.oZno.1Te
during its bombardment by low-energy and high-energy neutrons, leading to complete degradation of the recording ability of detectors
based on this materials, were found. The recombination of nonequilibrium charge carriers is noticeably stronger than the decrease in
L affects the degradation of detector properties, therefore, the effect of recombination processes at deep levels of radiation defects on
the degradation of T, Tp, and 1 of detectors based on Cdo.vZno.1 Te was studied. A comparative analysis of the properties of Cdo.oZno.1Te
with the previously studied CdTe:Cl was made. An attempt was made to explain the higher radiation resistance of Cdo.9Zno.1Te
compared to CdTe:Cl under neutron irradiation by the influence of the radiation self-compensation mechanism with participation of
deep donor energy levels: interstitial tellurium and tellurium at the site of cadmium. In addition, the rate of recombination at defect
levels in Cdo.9Zno.1 Te is, ceteris paribus, lower than in CdTe:Cl due to the smaller difference between the Fermi level and the levels of
radiation defects in cadmium telluride. The relationship between the band gaps of Cdo9sZno.1Te and CdTe:Cl, the concentration of
radiation defects, the Fermi level drift during irradiation, and the radiation resistance of the detectors were also noted. The important
role of purity and dopant shallow donor concentration in initial state of the detector material is indicated.
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The Cdo.9Zno.1 Te compound is considered to be a promising semiconductor material for room temperature detectors,
which are intended for recording x-ray and gamma radiation and can be used in astronomy, dosimetric environmental
monitoring and nuclear medicine imaging. Cdo.oZno.Te is the material of good electrophysical properties [1—4]: high
resistivity p = 10°~10"! Q-cm, high electronic mobility pu, = 11001200 cm?/(Vsec), acceptable values of the lifetimes of
nonequilibrium electrons 1, ~ 10 sec and nonequilibrium holes t, ~ 10 sec. Along with CdoeZngiTe, CdTe is often
considered as a detector material. During operation, the detectors are exposed to ionizing radiation, the effect of which
on the crystals is the subject of research, for example, irradiation with protons [5], electrons [6], gamma rays [7], and
neutrons [8] which have increased penetrating power. As a result of neutron bombardment, the radiation defects arise in
a semiconductor crystal, which correspond to energy levels in the band gap, acting as centers of capture and recombination
of nonequilibrium charge carriers generated by the detected radiation. These defects noticeably affect upon the degree of
compensation, changing p of the detector material, and upon the recombination processes, decreasing t, and 1, and also
on the scattering of conduction electrons, decreasing p,. Ultimately, the radiation defects are capable to cause complete
degradation of the charges collection efficiency 1 of detector, the specific reasons for which are not fully understood. To
increase the radiation resistance and improve the detector quality of CdooZnoiTe, it is necessary to study and try to
understand the mechanisms of the influence of radiation defects, which arise in a crystal under the neutron irradiation, on
the electrophysical and detector properties of this material. However, due to the high resistivity of Cdo.9Zno.1Te, such a
task is practically impossible to resolve only by experimental methods [8-10], therefore, it is very important to apply
additionally the numerical simulation basing on known experimental results using as initial data.

The aim of the work was to study by modeling method the mechanisms of the influence of radiation defects arising
in Cdo.9Zno1Te under the influence of neutron irradiation on the change in resistivity p, electron mobility p,, lifetimes of
nonequilibrium electrons 1,, nonequilibrium holes t,, and charge collection efficiency 1 in radiation detectors based on
this material, as well as a comparative analysis of the properties of CdyoZno1Te and cadmium telluride which was
previously studied in [11].

PHYSICAL MODELS AND MATERIAL COMPOSITION
The applied models and their testing are described in detail in [12], and the spectral characteristics of the initial and
irradiated CdTe:Cl and Cdo.oZno.Te are taken from paper [10]. First the electroneutrality equation was compiled with
including of all impurities and defects experimentally recorded in [10]. This equation was numerically solved with respect
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to the Fermi level F, then the concentrations of free electrons » and holes p were determined in the approximation of
parabolic zones. The electron mobility p, was calculated using an approximation of the pulse relaxation time (tau
approximation) with taking into account scattering mechanisms at ionized and neutral centers, acoustic phonons,
piezoelectric phonons, optical phonons, as well as scattering on clusters of point defects and doping inhomogeneities. The
hole mobility p, was assumed to be unchanged and equal to 70 cm?(V-s). The specific conductivity was calculated by
the formula: e-n-p,te-p-up. The resistivity was calculated as the reciprocal of the conductivity, consisting of electronic
and hole components. The lifetime of nonequilibrium charge carriers was calculated according to the Shockley - Read -
Hall recombination model, and the detector charges collection efficiency was determined by the Hecht
equation [13, p. 489]. The distance between the detector electrodes was assumed to be equal 5 mm, and the electric field
strength - 1000 V/cm.

The changes in F, p, p, T, Tp, and 1 have been simulated depending on the content of radiation defects and doping
shallow donor, for which the aluminum, indium, bismuth and lead can be used in Cdy.9Zno ;Te. The simulation was carried
out using the following characteristics of the i-ths impurities and defects levels as the initial data, experimentally measured
and published in the technical literature: concentration N, position in the bandgap E;, and capture cross section for
nonequilibrium charge carriers c;.

The initial compositions of background impurities and defects were determined which ensured that the calculated
value p=1-10"' Q-cm for CdyZny 1 Te coincides with the value experimentally measured in [10] before neutron exposure.
A typical initial composition of the CdgoZno.iTe detector material is presented in Table. Similar composition was
described, for example, in [7, 10, 14, 15]. The specific composition of the material is taken from [10]. The Table also
show the capture cross sections for the levels oj, the order of magnitude of which was determined in [16], where the
contributions of all levels to the currents of charge carriers emitted into the corresponding zones were taken into account.
The charge state of defects is indicated by a plus sign for donors whose energy is measured relative to the conduction-
band bottom Ec, and a minus sign - for acceptor levels with energy relative to the valence band top Ev.

The notation and probable nature of some levels are taken from [7, 10, 15]. Doping impurity of shallow donor,
introduced into the matrix of the materials under study, are intended to compensate for shallow acceptors (A, Al, C, X)
and to achieve a high-resistance state necessary for the operation of the detectors. The levels of A, Al, C, X, according
to opinion of most researchers, are complexes of cadmium vacancies with various background impurities. The cadmium
vacancy appears to correspond to DX or J.

Table
Composition of CdgeZno 1 Te before irradiation with a specific resistance of 1:10'' Q-cm [10].
Defect | A~ Al- | C X DX* J z* Y- W- Tecd e
Ei, eV 0.14 0.16 0.25 0.29 0.41 0.45 0.52 0.67 0.70 0.74 1.1
ci, cm? 10 | 2:10" | 3-10°° | 108 10716 10716 107 10-7 10-7 10-3 10-1¢
Nijem= | 510" | 5-10 | 5-10" | 5-10'* | 3-10" 310" 1-10'5 | 3-105 | 3-10" | 1.45-10'° | 1-10'

The calculated electrophysical properties of unirradiated material corresponded to well-known values:
tn = 1200 cm?/(V-sec), lifetimes 1, T, ~ 10°° sec. The changes in p, pn, Tn, Tp, the position of the Fermi level F in the band
gap of CdoeZno.1Te, and variation in the charges collection efficiency n of detector based on this material have been
simulated depending on the content of radiation defects and the doping shallow donor at T =20°C — operating temperature
of the detector. It should be noted that since in paper [10] all the results, and conclusions are of a qualitative nature, the
model dependences and modeling results obtained in this paper can also be only of qualitative those.

RESULTS AND DISCUSSION

In paper [10], the studied material Cdy9Zno 1 Te was irradiated by the fluxes of low-energy neutrons (~ 10 eV) with
fluences from 10'° to 10'* N/cm? and high-energy neutrons (~ 0.5 — 1 MeV) with fluences from 10!! to 10'3 N/cm?. The
radiation donor level Z in cadmium telluride occurs already after the first stage of irradiation and it is present in the crystal
at all subsequent stages, and at the moment of complete degradation of the detector recording properties, this defect
reaches the maximum amplitude in spectrum. According to the authors of [10], tellurium interstitial Te(I) can be
considered as a defect Z which causes complete degradation of the detector properties. In Cdo.9Zno.1 Te, the same Z level
with an energy of Ec — 0.52 eV was also present, but it was often suppressed in the spectra by the peak of the acceptor
level J, the content of which noticeably correlated with the degree of radiation damage of the irradiated sample. In
addition, during irradiation of the studied materials, the amplitudes of the peaks and the concentration of defects Tecq,
Ve, and also the complex Vcg—Im (cadmium vacancy—impurity) increase significantly. It was of interest to simulate the
dynamic of change in the resistivity of CdoeZno.Te with an increase in the concentration of radiation defect Z which
causes an abrupt decrease in the charge collection efficiency and complete degradation of detector properties, while the
content of radiation defects J, Tecq, Ve is increasing. The result of simulation is shown in Fig. 1. The concentration of
the radiation defect J monotonically increases from 3-10' to 2.1:10'® cm?, and the concentration of the Tecq defect does
from 1.45-10'® to 3.2-10'% cm™. It can be seen from Figure 1, that as the concentration of defect Z increases during
irradiation, the resistivity of material increases monotonically, which was observed experimentally in [10]. However,
after higher doses of irradiation by high-energy neutrons with a fluence of 10'* N/cm? and radiation damage which can
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be associated with a concentration of N(Z) = 2-10'® cm3, the resistance of CdooZnoTe reaches almost the maximum
value p=2.12-10"" Q-cm, which corresponds to the qualitative results of paper [10]. When comparing with similar model
dependences for CdTe:Cl from [11] (Fig. 1), we can see that in Cdo.9Zno.1Te there is no sharp jump in the resistivity Ap
at N (Z) =2-10'% cm?, as in CdTe.
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Figure 1. Specific resistance of Cdo.oZno.1Te depending on the content of doping shallow donors at various concentrations of defect
Z. Z content, cm3: 1 — 1-10'%, 2 — 2-10'5, 3 — 3-10'5, 4 — 4-10%5, 5 — 5-10'5, 6 — 7-10%°, 7 — 1-10'6, 8 — 1.4:10'6, 9 — 1.6-10'S,
10 - 2-10', The vertical dashed line corresponds to the studied sample.

On the contrary, a monotonic increase in the CdooZng Te resistivity is observed, which occurs due to the gradual
drift of the Fermi level to the middle of the band gap towards the radiation level Z with increasing its concentration. This
increasing of p is also confirmed experimentally. In this case, a displacement of the F level closer to the conduction band,
observed in [11] for CdTe, does not occur due to the action of the radiative self-compensation mechanism, which appears
in an increase of the concentration of radiation defects J (Ev + 0.45 e¢V) and Tecq (Ec - 0.74 eV), that together with the
defect Z (Ec - 0.52 eV) hold F near the middle of the band gap. In addition, a pivotal role also here is that Cdo9Zno.1Te
has a larger band gap in comparison with Eg of CdTe:Cl; therefore, in order for Fermi level to reach the middle of Eg in
Cdo.9Zng.1Te, a higher content of the radiation defect Z is required than in CdTe:Cl. Fig. 2 shows the behavior of Fermi
level in Cdo.9Zno 1 Te.

Figure 2 demonstrates that in CdooZno Te there is an insignificant difference in the F position between the initial
state with N(Z)=1-10" cm™ and after irradiation with the concentration of defect Z N(Z)=2-10'® cm™, while for CdTe:Cl
in [11] this difference in position of Fermi level is significant. In other words, during irradiation, the electrophysical
properties of CdooZng 1 Te change noticeably less than the properties of cadmium telluride. This simulation result is
confirmed by the well-known fact, experimentally confirmed also in [10], of the higher radiation resistance of Cdo.oZno.; Te
in comparison with CdTe:Cl.

1.2
¢ -3

1,1
4

l Pw.
2 3
- =06
0,9 =8
10

0.8

0,7

0,6

0.0 5,0x1071,0x10"°1,5%10'°2,0x10'°2,5x 10"
Ngs em”
Figure 2. The positions of the Fermi level in Cdo.oZno.1Te, measured from the top of valence band, depending on the content of shallow

donor at different concentrations of the radiation donor defect Z (cm™). Z concentrations in Cdo.oZno.iTe are the same as for the
numbered dependences in Fig. 1. The vertical dashed line corresponds to the studied sample.
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Neutron irradiation of Cdo 9Zno.1 Te also leads to the expansion of the region of the high-resistance state, which makes
it possible to maintain the working capacity of the detector during irradiation. Figure 3 shows the behavior of the resistivity
Cdo9Zng1Te at the concentration N(Tecq) = 1.45:10' cm™ (a) and after irradiation with high-energy neutrons at the
concentration N(Tecq) = 3.2-10'° em™ (b) depending on concentrations of radiation defects: acceptor J (Npa) and donor
Z (Npp). We see that the expansion of the high-resistance region occurs due to an increase in the concentration of the
Tecq anti-structural defect during neutron irradiation.
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Figure 3. Dependences of the decimal logarithm of the Cdo.9Zno.1 Te resistivity on the concentration Npa of the acceptor defect J and
the concentration Npp of the donor defect Z: a) the content of Teca is 1.45:10'° cm™; b) the content of Tecq is 3.2-10' cm™,

The initially measured fluences of neutron irradiation of investigated sample were 10'' N/cm? for high-energy
neutrons and 10' N/cm? for low-energy neutrons. In the process of further irradiation, the material gradually lost its
detector properties until complete degradation after bombardment by low-energy neutrons with the fluence of 10'* N/cm?.
The integrated flux of high-energy neutrons, after which the detector properties Cdo9Zno 1 Te were completely degraded,
was 10" N/cm?. Since the specific resistance of material increases after neutron irradiation, degradation of the detector
properties can occur due to a decrease in the electron mobility u, and to a decrease in the lifetimes of nonequilibrium
charge carriers 1, Tp. In earlier paper [12, Fig. 3] it was shown that a decrease of , in Cdo9Zno 1Te can be caused by the
scattering of conduction electrons by clusters of point defects, but no more than two to three times, and it is not capable
to lead to complete degradation of detector properties. Thus, a complete loss of recording properties should occur due to
a significant decrease in the lifetime of nonequilibrium charge carriers. Approximate quantitative estimates based on the
experimental results of paper [17] showed that the rate of band-to-band recombination of nonequilibrium charge carriers
is about by ten orders of magnitude lower than the rate of recombination at deep levels of defects in wide-gap
semiconductors such as CdTe and Cdo.9ZnoTe. Figure 4 shows the donor content dependence of the charges collection
efficiency n in detectors based on Cdg9Zny.iTe, calculated according to the Hecht equation for which the lifetimes of
nonequilibrium electrons and holes were calculated according to the Shockley-Read statistics describing recombination
of charge carriers at the energy levels of impurities and structural defects. Basing on a comparison of the graphs of Fig.
4 and the results of paper [10], it follows that the concentration of the radiation defect Z in the studied materials N (Z) =
(1-2)-10'¢ cm™ approximately corresponds to the content of this radiation defect after the high-energy neutrons fluence
of 10" N/em?,

The concentration of radiation defects Z, equaled to N(Z)=(1-3)-10'3 cm™, approximately corresponds to its content
in Cdo9ZnTe after irradiation by low-energy neutrons with fluences 10'>-10'3 N/cm?. Figure 4 also shows that when
the content of the radiation defect Z: N (Z) = (1-3)-10"5 cm™, the registering properties of the detectors based on
Cdo.9Zno 1 Te are partially lost, which qualitatively corresponds to the experiment of paper [10].

Quantitative studies have shown that the degradation of CdooZnoTe detector charge collection n occurs due to
capture and recombination of nonequilibrium charge carriers at the radiation level of a deep donor with an energy
E=Ec-0.52 eV, presumably Te (I), as well as at the deep level of Tecq defect with energy Ec — 0.74 eV. It was
established also that in Cdo9Zno.i Te the radiation defect of the tellurium vacancy Vre, which is dominant in the spectra in
peak amplitude [10], does not participate in compensation and does not capture nonequilibrium charge carriers due to the
large difference between the V1. energy level and the Fermi level in the semi-insulating state at room temperature.

The simulation established also that the degradation of the detector properties of the material under study occurs
mainly due to a noticeable decrease in the lifetime of nonequilibrium electrons by several tens of times. Capture and
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recombination of nonequilibrium holes at radiation levels have little effect on the degradation of charge collection in
Cdo9Zno, Te detectors during its irradiation. It can be seen from Fig. 5, where the behavior of the lifetime of
nonequilibrium electrons 1, (a) and holes 1, (b) was shown.
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Figure 4. Charge collection efficiency of detectors based on Cdo.oZno.1Te depending on the content of doping shallow donors for
different concentrations of radiation defect Z, which are equaled to concentrations for numbered curves in Fig. 1,2. The vertical
dashed line corresponds to the studied sample.
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Figure 5. Dependences of the lifetimes of nonequilibrium electrons (a) and holes (b) in Cdo.9Zno.1Te on the concentration of doping
shallow donors for different concentrations of the radiation defect Z, which are the same as in the numbered curves in Fig. 1, 2, 4.
The vertical dashed lines correspond to the studied sample.

Figure 5 demonstrates that the lifetime of nonequilibrium electrons 1, in the studied Cdo.9Zno.1Te decreases quite
significantly compared to the lifetime of nonequilibrium holes 1, as the concentration of radiation defects, arising under
neutron irradiation, increases. The jump in 1, by an order of magnitude (Fig. 5b) in the concentration range
Ng=2-10'%-2.5-10'6 cm™3 is explained by the fact that within this interval the Fermi level passes far from the energy levels
of defects, capture and recombination centers (see Table and Fig. 2), therefore, the rate of recombination of
nonequilibrium charge carriers decreases significantly.

The results obtained in this and earlier studies can be compared with the data of [ 18], where, using the SRIM program,
the Monte Carlo method was used to simulate the effect of neutron radiation with an energy of 1-2 MeV on the formation
of radiation damage in Cdo.9Zno, 1 Te crystals. The type and number of originating radiation defects was investigated. The
calculated data were compared with the experimental results of the study of the operation of Cdo9Zno.1Te detector, both
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the initial one and the material irradiated with a 252Cf source of fast neutrons. The defect concentration was measured
using thermally stimulated current spectroscopy (TSC), and the detector spectra were recorded for 2! Am gamma radiation
source (59.5 keV). It was shown that the concentration of vacancies, anti-structural defects of cadmium substitution at
the site of tellurium, interstitial atoms, and related defects increases during neutron irradiation, which, according to the
authors of [18], caused a deterioration in the detector characteristics of Cdo.oZno.iTe. Besides, the complete degradation
of the detector occurred already after an irradiation dose of 5-10' N/cm?, while in the experiment of paper [10], the
detector degraded only after an irradiation dose of 10'3> N/cm? by fast neutrons. The position of the Fermi level in the
band gap, measured in [18], relative to the bottom of the conduction band Ec in the initial sample was equal to 0.707 eV,
and in the sample irradiated with a dose of 5-:10'° N/cm? it became Ec—0.513 eV with a decrease in resistivity from 3.49-10°
to 6.12-10% Ohm-cm.

We carried out a comparative analysis of the simulation results based on the experimental data of [10] with the
experimental results of paper [18]. As a result, it was found that the very low radiation resistance of the detector in [18]
can be explained by the fact that the as-grown Cdo9Zno.iTe crystal there turned out to be a material of lower detector
quality. Namely, in the initial state, they produced a semiconductor with a high content of interstitial Cd™ (Cd;) and
substitutional defect of cadmium in site of tellurium (Cd*re), which are defects of the donor type. Under the influence of
these electrically active deep donors, the Fermi level already in the as-grown material was above the middle of the band
gap, which determined the electronic conductivity registered in [18] using Hall measurements. The bombardment of such
a material by fast neutrons led to a further increase in the concentration of Cd; and Cdr. defects with a shift of the Fermi
level even closer to the conduction band and, as a result, a noticeable drop in resistivity, a sharp increase in the leakage
current and complete detector degradation, which required a relatively small irradiation dose - 5-10'° N/cm?. There can
be two main reasons for such a low radiation resistance of the detector described in [18]. First, the as-grown material
could be doped with an excessively large amount of indium, which immediately led to electronic conductivity, while hole
conductivity is required for the detector to operate. Therefore, a relatively small dose of radiation was required in order
to increase the concentration of deep donors and thus shift the Fermi level even closer to the conduction band, lowering
the specific resistance p. Secondly, there was a weak effect of the radiative self-compensation process of the irradiated
detector material due to a possible insufficient removal of background impurities from the as-grown crystal. Namely,
cadmium vacancies formed under the influence of neutron irradiation interacted with background impurities and In dopant
and formed A centers — neutral or with a charge increased by one with respect to initial state of double charged cadmium
vacancy (VZ]), which, in turn, prevented the stabilization of the Fermi level and led to its drift to the conduction band
decreasing resistivity p. Moreover, some of these complexes have such shallow energy levels that their registration could
not be possible at a starting temperature of 80 K in the TSC technique. And neutral complexes are not electrically active;
therefore, they are not recordable at all. The decrease in p led to an increase in noise which finally completely suppressed
the main peak of the spectrum. The much more radiation-resistant detector in paper [10] demonstrated a much different
behavior, namely it was the material which only increased the resistivity under the influence of high-energy neutron
irradiation, since there the Fermi level in the initial state located below the middle of the band gap. And degradation of
this detector material occurred for another reason: due to a decrease in the charge collection efficiency owing to capture
and recombination of nonequilibrium carriers at deep levels of radiation defects.

CONCLUSIONS

The experimentally registered gradual increase in the CdooZno 1 Te resistivity during bombardment by neutrons is
caused by a gradual increase in the concentration of interstitial tellurium Te(I) with an energy level of 0.52 eV, measured
relative to the bottom of the conduction band Ec. An increase in the content of Te(I) shifts the Fermi level to the middle
of the band gap. The resistivity of Cdo9Zno Te increases monotonically due also to an increase in the content of the anti-
structural donor defect Tecq, which increases the size of the region of the high-resistance state in the ranges of
concentration of radiation defects and also shifts Fermi level to the middle of band gap. The absence of degradation of
resistivity occurred due to the action of the radiation self-compensation mechanism with the formation of a sufficient
number of individual acceptor cadmium vacancies not creating the complexes with impurities.

The degradation of the charge collection efficiency of Cdo9Zno.iTe under neutron irradiation occurs due to capture
and recombination of nonequilibrium electrons at the radiation level of a deep donor with energy E = Ec — 0.52 eV,
presumably Te (), as well as at deep level of Tecq defect with energy Ec —0.74 eV.

The well-known fact of higher radiation resistance of Cdg.9Zng.;Te compared to CdTe:Cl under neutron irradiation
can be explained by the fact that in Cdo9Zno.1Te there is a stronger mechanism of radiation self-compensation with the
participation of deep donor levels (Te (I) and Tecq ) than in CdTe:Cl. Perhaps this is why in the Cdg.9Zno.; Te material,
unlike CdTe:Cl, there is no rearrangement of the crystal structure after neutron irradiation with ultimate fluence 10'3
N/cm? of high-energy neutrons (E ~ 10° V). In addition, due to the higher difference between the Fermi level and the
deep levels of radiation defects in CdooZng 1 Te, the rate of recombination at the levels of radiation defects, ceteris
paribus, is lower in it than in CdTe:Cl. It can also be noted that, due to the larger band gap of the Eg in CdooZno.Te,
the Fermi level drifts in this material to a larger depth than in CdTe and therefore a higher concentration of the
corresponding radiation defects is required to reach a middle of Eg and maximum of p, and therefore higher radiation
doses are needed.
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JETPAJALIS I BILINUBOM PATIANIAHUX JTEGEKTIB TETEKTOPHUAX BJACTUBOCTEM CdosZno.iTe,
OIMPOMIHEHOI'O HEATPOHAMHU
O.1. Kounpux?, [ .I1. KosTyn®"
“Hayionanenuii naykosui yenmp «Xapxiscokutl gizuxo-mexniunuii incmumymy HAHY
61108, syn. Axademiuna 1, Xapkis, Yxpaiua.
bXapxiecoruii nayionanonuii ynisepcumem imeni B.H. Kapasina
matioan Ceoboou, 4, 61022, Xapxis, Yrpaina

IpencraBiena poOoTa HPHUCBAYCHA [OCIIHKEHHIO METOJOM KOMII'IOTEPHOIO MOJCNTIOBAHHS MEXaHi3MiB BIUIMBY paialliiHIX
Je(eKTiB, 0 BUHUKAIOTH MiJ Ji€I0 HEHTPOHHOTO ONPOMIHEHHS, Ha 3MiHYy eJIeKTPO(I3HIHNX BIACTUBOCTEH - MUTOMOTO OHOPY P,
€JIEKTPOHHOI PYXJIMBOCTI [ln, 9aCy )KHUTTS HEPIBHOBAXXHHUX €JIEKTPOHIB Tn T IIPOK Tp, B Cdo.9Zno.1Te i edexTuBHOCTI 300pYy 3apsiB
HEOXOJIOJDKYBAHOTO JIETEKTOPY IOHI3yI0UMX BHIPOMIHIOBAaHb 1| Ha OCHOBI I[bOro Marepiamy. Pamiamiiini nedexru, skuMm B
3a00pOHEHIl 30HI BiANOBINAIOTH TTIHOOKI PiBHI €Heprii, AII0Th SK IEHTPH 3aXOIUICHHS HEPIBHOBAXKHHUX HOCI{B 3apsiy, MOMITHO
BIUIMBAIOTh HA CTYIiHb KOMIICHCALlil, 3MIHIOIOYH p JETEKTOPHOTO MaTepialy, Ha MPoLeck peKoMOiHaLii, 3HIKYIOUH Tn 1 Tp, @ TAKOK
Ha PO3CIIOBAaHHS €JEKTPOHIB HMPOBIAHOCTI, 3MEHIIYIOUYH [ln, 1O 3PEIUTOIO 37aTHE BUKIMKATH JIErpajialilo eeKTUBHOCTI 300py
3apsiniB M. Bynm 3’scoBaHi KOHKpETHI NPUYMHM TOTIPUICHHS €IeKTPOQi3UYHMX Ta NETEKTOPHUX BIACTHBOCTEH MHix Ai€io
HEHTPOHHOTO ONPOMIHEHHsI Ta BCTAHOBJICHI OCHOBHI (pakTopH, sIKi BIUIMBAIOTh Ha miABHIIEeHHs nuTomoro onopy Cdo.sZno.1Te npu
OGoMOapyBaHHI TEIJIOBHMH Ta BHCOKOCHEPIeTUYHNMH HEHTpOHaMH, IO HPU3BOJATH A0 IOBHOI Jerpajanii peecTpyBaIbHOL
3JIaTHOCTI JIETEKTOPiB Ha OCHOBI IbOT0 MaTepiary. PekomOGiHamist HEpiBHOBaXXHHUX HOCIIB 3aps Iy MOMITHO CHJIBHIIIE HIXK 3HIKCHHS
In BITMBAE Ha JIETPaJanilo JeTeKTOPHUX BIACTUBOCTEH, TOMY OYB HOCIIIKEHNH BILUTUB IPOLECiB peKoMOiHaIi1 yepe3 rimOoKi piBHi
paniamiifHux fKedeKTiB Ha Aerpajialio Tn, Tp, 1| AeTeKTOpy Ha ocHOBI Cdo.vZno.1 Te. [IpoBeneHo NopiBHAIBHUIT aHATI3 BIACTUBOCTEH
Cdo.9Zno.1Te i panim pocnimkenoro CdTe:Cl. 3pobiena cnpoba mosicHeHHs OinbIn BHCOKOI pamiamiiHoi ctiitkocti Cdo.oZno.1Te y
nopiBasaHi 3 CdTe:Cl mpu HEHTPOHHOMY ONPOMIHEHHI BIUIMBOM MEXaHi3My pajiauiiiHol caMOKOMIICHCAI[l 32 y4acTio OiIbII
[IIMOOKHUX JTOHOPHHX PiBHIB €HEpril: MiXKBY3JI0BOTO TEIypy, TeIypy Ha Micii kaamiro. Kpim Toro, BHAaCIi 10K MEHIIOI Pi3HALI MiX
piBHem Depwmi i piBHAMY pamiauifiHuX AeeKTiB B Tenypuai KaaMito Temi pekomOinanii yepes piBui aedexriB B Cdo.gZno. 1 Te npu
iHIIKX piBHUX yMoBax HIK4Mi, HiX B CdTe:Cl. Takox OyB Bim3HaueHuil 38’5130k M mIUpHHOIO 3a60ponenol 30Hu Cdo.voZno.1Te i
CdZn:Cl, xonuenrpauniero panianiiianx nedekris, apeiipom piBas Pepmi B mporeci ONpoMiHEHHS Ta pamialiifHOIO CTIHKiCTIO
neTekTopiB. BkazaHo Ha BaKJIMBY POJIb YHCTOTH i KOHIIEHTPALIi JIETYI0UOT0 MIJKOTO JIOHOpA B TOYaTKOBOMY CTaHI AETEKTOPHOTO
MaTepiaiy.

KJFOYOBI CJIOBA: nerexropHi BiacTuBocTi, MoaemoBants, CdZnTe, CdTe, onpomiHeHHS HEHTpOHAMH, pamiamiiHi 1eQeKTr
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JETPATALIMA O/ BIUSTHAEM PATAALIMOHHBIX JE®EKTOB JETEKTOPHBIX CBOMCTB Cdo.sZno.iTe,
OBJYYEHHOI'O HEUTPOHAMU
AMN. Kongpux?, I'.I1. Kopryn®P
“Hayuonanvrulil Hayunslil yenmp «Xaporosckuil (pusuxo-mexuudeckuti uncmumymy» HAHY
61108, ya. Axademuuecxasn 1, Xapvkos, Yrpauna.
bXapvrosckuii nayuonanvuwiii yuueepcumem umenu B.H. Kapazuna
nn. Ce0600w1, 4, 61022, Xapvros, Yrkpauna

Jlannast paboTa IIOCBSIIICHA HCCIIEJOBAaHUIO METOJOM KOMIBIOTEPHOTO MOMENMPOBAHMS MEXAaHH3MOB BIMSHHS pPaJUAllIOHHBIX
ne()eKTOB, BO3HUKAIOLIMX I0J JCHCTBHEM HEHTPOHHOTO OOJIy4eHHs HAa M3MEHEHHE 3IEKTPO(H3MUECKHX CBOWCTB - YACIBHOIO
COMPOTHUBIIEHHS P, HNEKTPOHHON MOJBHKHOCTH |ln, BPEMEHH KHU3HH HEPABHOBECHBIX JNEKTPOHOB Tn U ABIPOK Tp, B CdovZnoiTe u
sd¢dexrTuBHOCTH cOOpa 3apsAf0B HEOXJIKAAEMbIX JETCKTOPOB HOHHM3UPYIOIIMX H3IYYEHHH 1 Ha OCHOBE 3TOr0 MarepHaia.
Panmnaronssie 1eeKThl, KOTOPHIM B 3aNPEIEHHON 30HE COOTBETCTBYIOT Ty OOKHE YPOBHH SHEPTHH, ISHCTBYIOT KaK IIEHTPHI 3aXBaTa
HEepaBHOBECHBIX HOCHTENEH 3apsi/ia, 3aMETHO BIIHSIOT HA CTETICHb KOMIICHCAINN, H3MEHSS p AETEKTOPHOTO MaTepraa, Ha IpOIecChl
PpEeKOMOHMHANNY, CHIDKAS Tn U Tp, @ TAKXKE HA PACCESHUE MICKTPOHOB NIPOBOANMOCTH, YMEHBIIAS [ln, 9TO B KOHEYHOM HTOT€ IPHBOJHUT
K gerpamanuu dddexTuBHOCTH cOOpa 3apsnoB 1). BpUIM BBISICHEHBI KOHKpPETHBIE HPHUYHHBI YXYALICHHS SNEKTPOPH3HIESCKHX U
JIETEKTOPHBIX CBOWCTB MOA IEHCTBHEM HEHTPOHHOTO OONYUYCHUS W YCTAHOBJICHBI OCHOBHBIE (haKTOPBI, BIMSIONINE HA IIOBBHINICHHE
yaensHoro conporusienus CdooZno.1Te npu 60MOGapANPOBKE TEIUIOBBIMHU U BHICOKOIHEPTETHYECKMMH HEHTPOHAMH, IIPUBOALIMX K
MOJTHON JIerpafialiuil PETHCTPUPYIOIIEH CIIOCOOHOCTH IETEKTOPOB HAa OCHOBE 3TOrO MaTepuana. PexomMOMHanus HepaBHOBECHBIX
HOCHTENe! 3apsa 3aMETHO CUIIBHEE YeM CHIDKEHHUE |n BIUSIET Ha JETpajJalliio JEeTEKTOPHBIX CBOWCTB, TO3TOMY OBIJIO HCCIIEI0BAHO
BJIMSTHUE MPOLECCOB PEKOMOMHALINY Uepe3 ITyOOKHE yPOBHU PAIUAllMOHHBIX Ae(EKTOB Ha JErpajalltio Tn, Tp, 1] IETEKTOpA HA OCHOBE
Cdo.9Zno.1Te. IlpoBenén cpasuuTenbHb aHamu3 cBoiicTB CdooZnoiTe u panee nccremoBannoro CdTe:Cl. Chenana mombiTka
oObsicHeHHs1 Oonee BbICOKOW panmanuoHHOU croiikoctd CdooZnoiTe mo cpaBHenuio ¢ CdTe:Cl mpu HellTpoHHOM 0O0ITyueHHM
BIIMSTHAEM MEXaHU3MOM paJIallHOHHOI CaMOKOMIIEHCAIMH C y9acTHEeM OoJiee IIyOOKHIX JOHOPHBIX YPOBHEH SHEPTHHU: MEXKY3eIbHOTO
TeJUTypa, Telypa Ha Mecre Kaamus. Kpome Toro, BeieAcTBHE MEHBIIEH pasHUIB MEXAy ypoBHeM PDepMu H ypoBHAMH
paJualOHHBIX 1e(eKTOB B TeJUTypuae KaaMHUs TeMIl pekoMOuHaimu yepes3 ypoBHH nedextoB B CdooZnoi1Te npu nmpoynux paBHBIX
ycaoBusix Hipke, 4ueM B CdTe:Cl. Taxxe Obu1 OoTMedeHa CBs3b MexAy wmmpuHO# 3ampewménHoit 30Hb1 Cdo.oZno1Te u CdZn:Cl,
KOHIICHTpaUUel paguauuoHHBIX aedektoB, apeiidom ypoBus dDepmu B mporecce OONydeHHS M PaAMALMOHHOW CTOHKOCTBIO
JIETEKTOPOB. YKa3aHO Ha BAXHYIO POJIb YHCTOTHI M KOHIIEHTPAIMU JIETUPYIOIIETO MEIKOro JOHOPa B HCXOJHOM COCTOSHHM
JIETEKTOPHOTO MaTepHaa.

KJIOYEBBIE CJIOBA: nerekropHble cBoiicTBa, MmonenupoBanue, CdZnTe, CdTe, obmydyeHue HeHTpoHAMH, paJuallMOHHBIC
nedexTs





