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INFLUENCE OF THE CONTENT OF IMPURITIES
AND STRUCTURAL DEFECTS ON THE PROPERTIES
OF THE Cd, ,Mn,,Te:V-BASED DETECTOR

The paper highlights the results of quantitative studies of the influence of the content of impurities and structural defects on
the electrophysical and detector properties of Cd, Mn,, ,Te:V — resistivity and concentrations of free charge carriers, life
time of nonequilibrium charge carriers t, charge collection efficiency n. The optimal ranges of energy change and deep donor
concentration, which ensure a high-resistive state and acceptable values of T and n, are established. The authors study the
compensation of cadmium vacancies with vanadium admixture.
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Cadmium manganese telluride is a direct band gap
II-VI compound semiconductor with wide forbidden
band, adjustable lattice parameters and a Mn segregation
coefficient close to 1. Thus, Cd,  Mn Te (CMT) is one
of the new CdTe-based materials currently being devel-
oped, and it is considered as a promising semiconductor
material for X-ray and gamma-ray detectors designed to
operate at room temperature [1—4]. The main problem
in the development of radiation detectors based on CMT
is to produce single crystals free of defects. Crystal de-
fects and impurities introduce electrically active energy
levels into the bandgap, which deteriorate the charge
transport properties of the detector with a decrease in
the lifetime of nonequilibrium electrons t, and holes
T, due to trapping phenomena [5, 6] and, as a result,
incomplete charge collection. CMT single crystals usu-
ally have structural defects such as Te inclusions [7],
which significantly deteriorate the detector performance.
Such defects, however, are effectively eliminated us-
ing multi-step post-growth annealing method [2] or by
applying special thermal regime for three-zone tubular
furnace [8]. The transport properties of CMT are also
strongly influenced by point defects which, like tellurium
inclusions, introduce the deep energy levels into the
band gap of the semiconductor. Thus, the levels located
inside the band gap (0.81-0.85 eV) were found in CMT
crystals [9], and these traps together with deep donors
(E,,=0.78-0.84 eV), according to an earlier study [9],
should play a significant role in the compensation in
these materials, which was confirmed by model results
[10]. It was also concluded that the high content of re-
sidual impurities in manganese is an obstacle to obtaining
highly efficient CMT-based detectors [11]. Thus, CMT
has limitations that prevent it from being fully utilized
in the cost-effective production of large-volume homo-
geneous Sensors.

The most detrimental structural defects for CMT trans-
port characteristics are cadmium vacancies ¥2;, which
significantly reduce resistivity p, the lifetime of nonequi-
librium charge carriers 1, and the charge collection ef-
ficiency n [10]. To compensate for these doubly charged
defects, alloying impurities V, In, Al are introduced [9,
12—14]. Donor impurities of transition metals can also
enter into the CMT matrix, which can significantly affect
P> Ty Ty M. The radiation resistance of CdMnTe-based
detectors may also depend on the initial state of the
matrix: the degree of purity and structural perfection.

CdMnTe of detector quality possess a high resistivity
p (=10'° Q-cm). It greatly complicates the experimental
study of the influence of such micro-parameters for
impurities and defects as the positions of their energy
levels E; in the band gap, the capture cross-sections of
nonequilibrium charge carriers 6, and the concentra-
tions N, on the resistivity of the detector and its charge
collection efficiency m. These micro-properties also
significantly affect such important characteristics as the
products of mobility u, by the lifetime t, for electrons
u, T, and those for holes M, T, Simulation of “macro-
scopic” characteristics of detector materials (p, p,'T,,
Ty M) using “microscopic” parameters allows, by
comparing the calculated values with experimentally
measured “macrovalues”, to understand the mechanisms
of changes in the electrophysical and detector properties
of CdMnTe depending on the concentration of impuri-
ties and defects. In this regard, the use of mathematical
and computer modeling based on known experimental
results and proven physical models as an additional
research tool is quite relevant. The initial composition
and “microscopic” parameters of CMT defects were
experimentally studied in the most detail in paper [14]
using the Cdj,Mn,,Te:V material. The results of this
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work were taken as the basis and initial parameters for
our model study.

The aim of the work was to determine by computer
simulation the nature of the effect of background and
alloying impurities and structural defects on the electro-
physical and detector properties of Cd, ,Mn, , Te.

Models and materials

The main parameters of the i deep levels of defects,
which determine lifetime of nonequilibrium electrons
and holes as well as charge collection efficiency in the
Cd, ;Mn, , Te-based detectors, experimentally studied in
[14], are the Ni concentration, the capture cross-section
o, and the position in the band gap (activation energy) £,.
Experimental studies of the band-to-band recombination
rate in wide-gap semiconductors [15] showed that the
capture and recombination of nonequilibrium electrons
and holes at deep levels of impurities and defects have
a decisive effect on their lifetime in such materials and,
consequently, on the charge collection efficiency in detec-
tors based on them. Therefore, to estimate the lifetime
of nonequilibrium charge carriers, the Shockley—Read
recombination model [16] was used. In [14], the TSC
(thermally stimulated current) method was used to deter-
mine the capture cross sections 6, when the contribution
of all levels to the currents emitted into the correspond-
ing zones was simultaneously taken into account. These
data made it possible to properly use the Shockley—Read
model to calculate T, T correctly.

The applied models and their testing are described
in detail in [17]. The electroneutrality equation was
derived taking into account all impurities and defects
experimentally registered in [14]. This equation has been
solved numerically with respect to the Fermi level F,

Parameters of the deep trap levels obtained from the TSC spectrum by the SIMPA method in the Cd, Mn,, Te:V crystal

and concentrations of free electrons (n) and holes (p)
were determined under parabolic zone approximation.
The electron mobility p, was calculated under the pulse
relaxation time approximation (tau approximation) with
taking into account the scattering mechanisms at ionized
and neutral centers, acoustic, piezoelectric and optic pho-
nons. The mobility of holes |1 was considered constant
and equal to 100 cm?/(V-s). The specific conductivity
was calculated using the formula en-p,tepy, and
the resistivity done as its reciprocal quantity. The charge
collection efficiency of the detector was determined ac-
cording to Hecht’s equation [18, p. 489]. The distance
between the detector electrodes was assumed to be 5 mm,
and the electric field strength was 1000 V/cm.

The initial composition of technological and back-
ground impurities and defects in CMT was adopted
mainly based on the results of paper [14], where the
TSC method was used to study the Cd, ,Mn, Te:V
(CMT:V) crystal grown by the Te solution vertical
Bridgman method. The resulting composition, which is
presented in the Table for sample CMT:V, ensured the
achievement of a high-resistive state p=~10'° Q-cm at
the concentration of the substitutional vanadium donor
impurity of 1-10'¢ cm=,

The first column of the table shows the levels of the
CMT:V material, which are denoted in [14] by 7. The
second column shows the values of the concentrations
of the corresponding defects, used in the model study.
The third column shows the values of energy levels £,
and the fourth one — the capture cross sections ¢ of non-
equilibrium charge carriers. Explanations of the nature of
defects taken from [14] are displayed in the fifth column.
The E, energies of the donor defects levels (electron
traps) are measured from the conduction band bottom,

Trap | Concentration, cm™ | E,, eV o, cm? Origins [14]
T, = 1.0-105 0.077 | 1.6:1072 Vanadium instead of cadmium V3
T, 2.3-10'4 0.159 | 1.2:1072° Dislocation related
T, 1.0-10% 0.174 | 1.5-10720 [0V gl complex
T, 7.9-1013 0.254 | 7.2:10718 Acceptor structural defects
T, 2.6-1013 0.278 | 1.6:107"7 Donor V-related electron trap
T, 6.9-104 0.294 | 1.1-107"7 Acceptor X level
T, 2.9-10'4 0.320 | 6.0-10°'3 Te, complex
T, 1810 0350 | 691018 [Teq? Vgl complex
T, 7.0-10'4 0.447 | 9.9-107"7 Vi -related defects
T, 26101 0460 | 1,710 [Tec2 Vgl - complex
T, 4.1-101 0.512 | 9.9-10718 Cadmium vacancies V3
T, 4.8-101° 0.620 6.3-10718 Mn-related
T\ 1.3-1016 0.650 | 3.0-107"7 V-related hole trap
E,, 1.3-1016 0.960 | 1.0-107'3 Deep donor energy derived from dark current characteristics
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and those of acceptors (hole traps) are measured from
the valence band top. The width of the band gap E; for
Cd, Mn Te at a room temperature of 20°C was deter—
mlned by the formula E,=1.45+1.45x eV [19]. After
entering the composmon of impurities and defects
indicated in the Table into the model program, the elec-
trophysical properties of Cd, ;Mn,, , Te:V were calculated
for the vanadium concentration N(V)=1.25-10'¢ ¢cm3
at 7=20°C, which turned out to be close to the values
measured experimentally in [14]. The calculations al-
lowed obtaining the electronic conductivity with the
ratio n/p=20, resistivity p=6.65-10'° Q-cm, the product
of electron mobility by the lifetime of nonequilibrium
electrons p -t =4.8-104 cm?/V.

Results and discussions

Despite the results published in some papers [2, 9,
13, 14], accurate experimental measurement of impurity
and defect concentrations in wide-band CdMnTe is still
unattainable due to the high resistivity (=10 Q-cm)
of the detector quality material. Therefore, to quantita-
tively study the electrophysical and detector properties
of Cd, (Mn,Te:V, the resistivity of this material was
modeled depending on the change in its composition.
The highly resistive state of Cd, ,Mn, , Te necessary for
the detector was achieved by compensating its intrinsic
acceptor defects (in particular, doubly charged cadmium
vacancies V%)) by introducing a shallow donor impurity
[9]. Vanadium acted as such an admixture. But the main
contribution to obtaining a semi-insulating material is
made by a deep donor marked in the table by T,. Its
energy level of 0.96 eV relative to the conduction band
was measured experimentally in [14]. It is of interest to
investigate the behavior of p in Cd, (Mn,, , Te:V within
wide ranges of energies and concentrations of the deep
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Fig. 1. Dependence of the resistivity of Cd, ,Mn, , Te:V on the

energy and concentration of the deep donor at the temperature

0f 20°C (the energy £, is counted relative to the top of valence
band £))

donor. Fig. 1 shows the three-dimensional dependence
of the decimal logarithm of the resistivity of the referred
above detector material on the concentration of deep
donor and its energy level position in the band gap. The
figure demonstrates that the maximum possible resistivity
of the studied material can reach 3-10'! Q-cm, although
in [14] the largest measured value p of the middle part of
the ingot was 6.185-10'° Q-cm (see section 3.3.1). The
maximum p=2.938-10'!' Q-cm was reached at the donor
energy =0.843 eV relative to the top valence band, or

E,,=0. 752 eV, counted from the conduction band. And
the minimal p>10'? Q-cm necessary for detector-quality
material was achieved at £, =E,+0.743 eV.

Fig. 1 also shows that there are two extended maxi-
mums of p, the main being at £, = 0.86 ¢V and the
secondary one at N,,,=2.5-10'5 cm™, which are almost
identical in height. The first appears due to the compen-
sation of acceptor levels by deep donors represented by
the T, level as well as T',,. The main contribution to the
achievement of the high-resistance state is provided by
T, ,, buta certain influence is also exerted by the deep do-
nor level of T ,. The latter, according to the authors [14],
is related to the introduction of manganese. The second
extended maximum occurs due to the compensation of
shallow acceptor levels 7, T, T, by the total number of
donors, primarily by the vanadium impurity. The change
of V content only by 1-10'* cm™3, causes a decrease in the
value of p in this maximum by approximately one order
of magnitude. In this way, it is almost impossible to get
into the zone of high p of lateral maximum by changing
the content of N, or alloying vanadium due to the too
narrow range of the corresponding concentrations. It can
also be seen that the existence of the lateral maximum
does not depend on the £, , energy of the level T, at the
energy E,,,>0.86 €V, when its position in the band gap
becomes not deep enough to ensure the highly resistive
state of the detector material. Under these conditions,
there is also a compensation of deep acceptors, prima-
rily 7'5, by deep donors with energy levels from 0.85 to
1.4 €V relative to the valence band. In this case, there
is a fairly wide plateau with a resistivity of 2-10° Q-cm
and an electronic conductivity that may be required for
the corresponding devices.

It should be noted that one of the problems of produc-
ing detector-quality high-resistance CdMnTe materials
is the compensation of the effect of acceptor defects,
especially cadmium vacancies V2, with electronic con-
ductivity at n>p. Fig. 2 shows the three-dimensional de-
pendences in the concentration of electrons z and holes p
on the energy £, , and concentration of the deep donor
Npp- (The range of N, , change is the same as in Fig. 1,
and the £, varies within 0.2—-1.2 eV.)

Fig. 2, a shows a gentle plateau in the depend-
ence of lgn(E,,, N,,) when N, changes within
(2-5)-10" cm™ and E,,, within 1,0—1.2 eV. This pla-
teau arises due to the process of the total compensating
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Fig. 2. Dependences of the concentrations of electrons (a) and

holes (b) of Cd,Mn Te:V on the energy and concentration

of the deep donor at the temperature of 20°C (the energy £,
is counted relative to the top of valence band £))

effect of V2, cadmium vacancies by vanadium impuri-
ties and donor defects with the energy £, ,>E+1.0 eV.
In Fig. 2, b in the dependence of lgp (E,,, Nj,) in
the specified ranges of £, and N, changes, a cor-
responding gentle plateau is also observed, but with
an inverted slope. The flat surfaces in these pictures at
E,,<E,+0.65 eV characterize the low-resistance state
of the material with hole conductivity.

To reduce the background noise of the detector,
amaterial with hole conductivity and high-resistive state
of £10'° Q-cm is needed. The analysis of the model re-
search showed that this condition for Cd, ¢Mn, ;Te:V is
satisfied at the deep donor concentration of 1-10'° Q-cm
and within the range of its energies relative to the valence
band 0.70< E,,,<0.775 eV. Under these conditions,
the p/n ratio is within 20—200, and p varies within
(0.5-5.0)-10'° Q-cm. According to the vast majority
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Fig. 3. Dependences of the resistivity () and concentration

of free holes (b) of CdMn, , Te:V on the concentrations of

acceptor defects of cadmium vacancies and shallow donor
vanadium impurities

of researchers, it is the doubly charged cadmium vacan-
cies V2", which can reduce the specific resistance and
charge collection of the detector, have the most negative
effect on the operational characteristics of such material.
Fig. 3 shows the dependence of the specific resistance of
Cd, ;Mn, , Te:V and the concentration of free holes on the
concentration of doubly charged cadmium vacancies V.3~
and the donor impurity of vanadium. The concentration
of the deep donor T, (see the Table) is 1.3-10'¢ cm™.
The maximal theoretically possible resistivity reaches
3-10'' Q-cm. Fig. 3 also shows that the value of p
is significantly affected by the content of the vanadium
impurity which acts as a compensating shallow donor
for cadmium vacancies T, and hole trap T;. When the
vanadium content increases by only one order of mag-
nitude, that is from 3-10'3 to 3-10'¢ cm3, the value of p
decreases by at least 10 orders of magnitude. At the same
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time, the concentration of free holes increases rapidly (see
Fig. 3, b) due to the influence of uncompensated accep-
tors, both shallow and deep ones. The high-resistance
state is demonstrated by wide plateaus in Fig. 3 a, .
Compensation of Vc?f is displayed in both figures by an
inclined plane to the left of the high-resistance state. The
compensation of the T, hole trap is demonstrated by a
gentle plateau with p=108—-10° Q-cm to the right of the
region of maximal p. In this high-resistance region, which
is not always suitable for a detector-quality material,
pure hole conduction occurs with the ratio p/n =0,8-107.

To complete the study, the influence of cadmium
vacancies on the collection of detector charges should
be investigated within the framework of the adopted
model. Fig. 4 shows the dependence of charge collec-
tion efficiency n on the concentration of the vanadium
impurity for different contents of cadmium vacancies.
In the calculations, the starting point of the drift of
nonequilibrium charges was located in the immediate
vicinity of the cathode at the distance of 0.5 mm. For
this reason, the main contribution to the signal and the
value of n was given by the drift of nonequilibrium
electrons, and the maximal value of the charge collec-
tion efficiency was about of 0.7 (see Fig. 4). In the case
when the starting point of charge drift was at the middle
of the inter-electrode distance of the flat detector, the
value of n did not exceed 0.55, which is significantly
less than in Cd ,Zn,, , Te, where n quantity in the initial
state was about 0.9 [20]. The initial concentration of Vé&
(curve I) was taken equal to 4.1-10' cm™3, as measured
in [14], with its gradual increase to 5:10'® cm3. In the
range of the vanadium content changes mentioned in
Fig. 4, the largest resistivity of Cd,Mn,,Te:V in the
initial state (N(V'2;) = 4.1:10' cm™) is observed at
N, (V") =(5-6)10!5 cm™ and is equal to 3-10'" Q-cm.
However, even at N(V'2;)=1-10'¢ cm™ p=5-107 Q-cm,

n
0.7

0.6
0.5
0.4
0.3
0.2

0.1

3 6 9 12 15
NV, 105 em™
Fig. 4. Dependence of the charge collection efficiency of
the detector based on Cd, ,Mn,,Te:V on the content of the
vanadium impurity for different concentrations V2, cm™:
1—4.1-10"; 2 —9-10'4; 3 — 4-10'5; 4 — 9:1015; 5 — 2-1016;
6—3-101%; 7 —5-10'6

and at N( VCZH) =2-1016 cm3 the value of p does not exceed
1-103 Q-cm, while the detector material must be at least
10'°Q-cm. In Fig. 4, there is a rather noticeable increase
in charge collection at N,,(V*)=7.5-10'% cm™ for curve 5.
Such an increase occurs at the moment when the Fermi
level, in the process of its displacement in the band gap
when the concentration of electrically active impurities
and defects changes, is far from the energy levels of the
traps of nonequilibrium charge carriers. In this case, the
capture of charges decreases, and the value of 1 increases.

During the production of CMT single crystals, back-
ground impurities can enter their volume together with
the original components, such as interstitial impurities
or transition metals, which act as deep donors. This oc-
curs, for example, when CdTe and CdZnTe are produced
[20, 21]. Unfortunately, we were unable to find any
detailed information on research results of the nature of
such impurities in CdMnTe. However, it is possible to
investigate the influence of unspecific donor impurities
with the different energy levels in the CdMnTe band gap.
Fig. 5 shows the dependences of the charge collection
efficiency of the Cd; ,Mn, ,Te:V-based detector on the
content of deep donors with different energy levels rela-
tive to the top of the valence band. The vanadium con-
centration was taken to be equal to 5.5-10'5 cm 3, when
resistivity reached the maximal value p>1-10'! Q-cm,
and the content of the studied deep donors varied from
1-10' to 2-10'6 cm™3. For these donor levels the capture
cross-section was set within (1-3)-10717 cm?.

Fig. 5 shows that the most harmful donor impurities
in Cd, ;Mn, , Te are those with the energy level located
within (£,+0.9)—(E,+1.2) eV in the band gap. Donors
with £,+0.4 eV, which is very close to the energy level
of tellurium vacancies in CdTe and CdZnTe [21], reduce
charge collection the least. Donor impurities with energy
levels of 0.6—0.8 eV relative to the valence band make

n
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0.5
0.4
0.3

0.2

0.1 -

4 8 12 16 20
N, p(Me), 1015 cm™3
Fig. 5. Dependence of the charge collection efficiency on the
concentration of deep donors for their different energy levels
relative to the top of valence band, eV:
1—04;2—0.6;3—0.8;4—1.0;5—1.2;
6—14,7—15
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a certain contribution to reducing charge collection.
T,,, T, defects associated with the introduction of
manganese and vanadium get to this range. And if at
the calculations of 1, in addition to the electronic com-
ponent, we also take into account the hole one, then this
value turns out to be even smaller by approximately
0.15 arbitrary units than the one shown in Fig. 5. Thus,
the most harmful are impurities that correspond to Ni,
Sn, Ge in Cd,, ¢Zn, , Te [20]. Vanadium is quite harmful
in Cd, 4Zn,, ,Te [20], which, by the way, was added to
Cd, ;Mn Te:V to compensate for cadmium vacancies. It
is probably for this reason, the initial value of the charge
collection efficiency in the initial state of the studied CMT
is noticeably lower (n = 0.55) compared to the mentioned
Cd, ¢Zn,,Te M=0.9).

We should also take into account the results pub-
lished in [22], where Cd, y;Mn, ,sTe:In crystals with
the resistivity p=(1.0-2.5)-10'" Q-cm were studied.
Mn(99.9998%), Te(6N), CdTe (6N), and In(6N) were
used as primary materials. Although the initial raw
materials were high-clean, the obtained crystal had a
relatively small value p-t=1.7-10 cm?/V. The detector
based on this material, despite being equipped by Frisch
grid, registered the main photopeak of '*’Cs at the beam
energy Ey = 622 keV with a rather coarse (compared to
CdZnTe) energy resolution 7.5%. In another experiment
[23], on the other hand, the amplitude gamma spectra of
aflat Cd ,Mn, \ Te, oS¢, ,:In-based detector irradiated
with 2! Am had an even worse energy resolution — 11%
at the beam energy of 59.5 keV. And after irradiation
by 3’Co source, the authors of this paper recorded an
amplitude spectrum with an even greater blurring of the
main photopeak due to a decrease in 1.

Thus, based on the results of these studies and our own
research, it can be assumed that during the producing of
Cd, Mn Te, the introduced manganese not only forms
a solid replacement solution, but also some its amount
enters the interstitial positions with the formation of
point defects and their complexes (associates), which
leads to the emergence of deep energy levels acting as
traps for nonequilibrium charge carriers. Impurities of
vanadium and other elements that have an atomic radius
equal to or smaller than that of Cd, Mn, and Te can also
play an important role in such process. These electri-
cally active defects, acting as traps, significantly reduce
the charge collection efficiency of the detector, and lead
to blurring of the main peaks in the amplitude spectra.
If this assumption is correct, then it becomes clear why
the significant efforts of technologists to purify the raw
materials did not give the expected results. In this regard,
it is worth focusing further research on elucidating the
effect of various donor impurities on the appearance of
deep energy levels in the band gap of crystals based on
CdMnTe and CdTe and establishing the degree of their
influence on the degradation of the detector properties
of these materials.

Conclusions

The largest theoretically possible resistivity of
Cd, Mn,, , Te:V at the temperature of 20°C and the deep
donor energy E=E,+0.86 eV can reach 3-10'' Q-cm.
Obtaining a detector-quality Cd, ;Mn,, , Te material with
p>10'"Q-cm requires doping with a donor impurity with
an energy level Ejj; within the range of 0.94-0.74 eV
relative to the top of the valence band. Change in the
content of the donor impurity, which is introduced to
compensate for cadmium vacancies, strongly affects
p, and even its concentration of 10'® cm™ can lead to a
sharp degradation of the resistivity with a sudden change
in the concentrations of electrons and holes. The charge
collection efficiency, which is decisive for obtaining am-
plitude spectra with a high resolution of the main peaks,
is noticeably lower in the Cd, ,Mn,, ,Te-based detector
than in the detector based on Cd 4Zn , Te. At this stage
of technological development, it may be caused not so
much by the purity of the constituent components of the
produced crystals, but by the nature of the elements that
are intentionally introduced into the matrix in order to
obtain high detector performance.

Further research should be directed at elucidating the
effect of different donor impurities on the occurrence
of energy levels inside the band-gap of CdMnTe-based
crystals and other CdTe-based materials that fail to get
at least as good detector properties as CdZnTe.
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TUIMB BMICTY JOMILIOK TA CTPYKTYPHUX JAE®EKTIB
HA BJIACTUBOCTI IETEKTOPA HA OCHOBI Cd, ,Mn, , Te:V

Hocnidocerno nepcnexmusnuii mamepian Cd)9Mn,, Te:V, npusnavenuti O1a npayroouux 3a KiMHAmHOI memnepamypu
0emeKmopie peHmeeHiBCbKo20 ma 2amma-eunpominioeants. Ompumano pe3yibmamu KitbKiCHUX 00CTIOHNCeHb GNIUBY BMICHTY
OoMiuiox ma cmpykmypHux oegpexmie na enexmpoghisuuni ma oemexmopni énacmusocmi Cd, Mn,, Te: V. IIposedeno ananis
00YUCTICHUX BEIUYUH NUTNOMO20 ONOPY p MA KOHYEHMPAayitl GilbHUX HOCII8 3apsady, 4acy JHCUmms HepPiBHOBANCHUX HOCII8 3a-
PAOY T, edhekmusHoCmi 30Upanms 3apsois 1] 3a Pi3H020 CKIAdY 0OMIUOK ma Oehekmis y yboMmy mamepiani 3a memnepamypu
20°C. Bcmanoeneno onmumanvui oianazonu sminu enepeii £, ma konyenmpayii 2auboxo2o oonopa N p, aki 3abesnedyioms 6u-
COKOOMHULL CMAH Ul NPUTIHAMHI 8eTUduHY T ma 1. JocioxHceHo KOMneHcayito 6aKaucill KaOMito 0OMIUKO0 6anadilo. 3pobneno
NpURYueHHs Wooo NPUYUHU IOHOCHO MANOT ENUYUHY 1] MA HU3LKOT PO30LTbHOCHT OCHOBHUX (POMONIKIE 6 AMIIIMYOHUX CIEeK-
mpax demexmopie na ocnogi CdMnTe. Chopmynb06ano HanpsAMOK NOOATLULUX OOCTIONCEHb 3 MEMOIO 3 SICYBAHHS KOHKDEMHUX
YUHHUKIE 0eepadayii 0emeKmopHUX 61acmusocmeri Mamepiany nio nauEOM BHEeCeHUX Mda POHOBUX OOMIULOK.

Kmiouosi cnosa: CdMnTe, eracmusocmi demekmopa, MoOeno8anHts, depekmu cmpykmypu, 21uOOKI PigHi.
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