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ROLE OF MECHANICAL STRESSES AT ION
IMPLANTATION OF CdHgTe SOLID SOLUTIONS

The properties of n-Cd, Hgi—. Te/CdZnTe (x ~ 0.223) structures implanted with BT and Ag™"
ions with an energy of 100 keV to a dose of 8 x 10'® ¢m™?2 are studied. The software package
TRIM 2008 was applied to simulate the ion implantation process. The surface morphology of
heterostructures and their optical, mechanical and electrical properties are studied. It is found
that the ion irradiation of specimens gives rise to the formation of a characteristic relief on
their surface, as well as a layer in the near-surface region, where the optical parameters differ
from those in the matriz. The implantation of Cd.Hgi—. Te epitazial layers with boron and
silver ions with the same energy and to the same dose brings about the formation of a damaged
layer, substantially non-uniform by the thickness and the damage character, with mazimum
mechanical stresses that differ by two orders of magnitude. The values of the crystal lattice
contraction coefficient 8 and the mechanical stresses omax in the region of radiation-induced
disordering in the solid solution are determined. The influence of mechanical stresses in the
doped layer on the defect redistribution and the formation of properties of Cdy.223Hgo.777 Te
after the implantation is discussed.

Keywords: ion implantation, nano-structurization, semiconductor structure.

1. Introduction

Strain fields that emerge at the crystal growth ow-
ing to both the mismatch between the crystal lat-
tice constants in the epitaxial layer and the substrate
and the difference between the corresponding coeffi-
cients of linear thermal expansion are an important
factor governing the structural, optical, and electric
properties of semiconducting hetero-epitaxial struc-
tures. An example of the efficient application of
growth-induced strains is given by CMOS transistors,
in which the substantial deformations in the chan-
nel region are obtained by combining strained Si and
SiGe layers. As a result, the mobility of charge car-
riers increases [1, 2]. A substantial improvement of
light-emitting characteristics is observed at low ex-
citation levels for quantum wells fabricated on the
basis of A3Bs compounds and compressively stressed
in the heterojunction plane, which occurs owing to
the creation of conditions for inverse level population
[3]. A possibility to generate the powerful THz radi-
ation in strained quantum-sized Si/SiGe structures is
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also under discussion [4]. The application of strained
layers allowed the transition to a novel class of three-
dimensional nanostructures with strictly controlled
dimensions and form (such as nanotubes and corru-
gated films) to be made [5].

Deformations that arise in heterostructures owing
to external influences belong to a different type. For
instance, the strain fields emerge due to the treat-
ment of semiconducting materials and structures by
fluxes of high-energy particles, ions, and atoms, as
well as at their laser irradiation, ionic implantation,
and so forth. The deformations control the transfor-
mation processes occurring in the system of impuri-
ties and defects in heterostructures and are responsi-
ble for their final physical properties. In particular,
the implantation of oxygen and nitrogen to high doses
(3 x 1018 cm—2) followed by the annealing forms the
basis for the creation of SIMOX and SIMON silicon
structures with the so-called hidden dielectric oxyni-
tride layers [6].

We found earlier that, when the substrate (Si) con-
fines a deformation, the nonzero shear components of
the strain tensor emerge in epitaxial CdHgTe films
at various crystallographic orientations of the struc-
ture, which gives rise to a piezoelectric polarization of
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Table 1. Parameters of CdHgTe surface before and after implantation

Roughness parameters for a 1 x 1-um? surface fragment
Specimen
The area of real Area difference between the relief Root-mean-square
surface, um? and the ideal surface*, % roughness Rq, nm
Initial 1.008 0.8 2.45
Implanted with boron 1.016 1.6 2.48
Implanted with silver 1.034 3.4 3.11

* Ideal surface is absolutely flat with an area of 1 um?.

the material [7]. This effect serves as a basis for the
efficient application of multilayered CdHgTe/Si het-
erostructures to detect infra-red (IR) radiation mak-
ing no use of electric bias and cooling [8]. In other
words, we may assert that the research of regularities
in the processes that occur in deformed heterostruc-
tures on the basis of CdHgTe is interesting and chal-
lenging from the practical viewpoint.

This work aimed at studying the influence of low-
energy irradiation with BT and Agt ions, as well
as implantation-induced mechanical stresses, on the
properties of hetero-epitaxial CdHgTe/CdZnTe struc-
tures. The consideration of this issue is actual and
important for the development of modern vision sys-
tems in the IR spectral intervals of 3-5 and 8-12 ym
on the basis of CdHgTe heterostructures [9].

2. Experimental Technique

Systematic studies of the structural, optical, and elec-
tric properties of semiconductor heterostructures n—
Cd,Hg;_,Te/CdZnTe (z = 0.223) before and after
their implantation are carried out. In addition, the
mathematical simulation of the process of ion implan-
tation was done with the use of the software package
TRIM 2008.

The specimens to study were divided into two
groups. The specimen in the first and second groups
were irradiated with B™ and Ag™ ions, respectively.
The structures were irradiated from the CdHgTe film
side on a Vezuvii implanter. The implantation en-
ergy was equal to 100 keV and the implantation dose
to Q = 3 x 10'3 cm 2 for both groups. After the im-
plantation, all specimens were held for 5 h at 75 °C
in the Ar atmosphere with an excess pressure of 4 Pa
in the chamber [10].
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The surface state of the examined specimens was
monitored with the help of atomic force microscopy
(AFM). Their optical parameters were determined
on a laser ellipsometer LEF-2M-1 at the wavelength
A = 628.3 nm. The refractive index n and the extinc-
tion coefficient k of initial specimens corresponded to
standard literature data for CdHgTe [11]. The chemi-
cal content x of Cd,Hg;_,Te solid solution was deter-
mined from the transmission spectra [12] measured on
a Fourier spectrometer Infralum FT-801 with a reso-
lution of 2 cm~! in a spectral interval 3 to 14 yum. The
mechanical properties of CdHgTe films were found
with the use of a Shimadzu HMV-2000 microhard-
ness tester.

To carry out the electrophysical researches, a meso-
structure was fabricated by the chemical etching of
the specimens in a standard etching solution Br-HBr.
The dark resistances of all specimens at room temper-
ature were within the interval R = (10 + 20) 2. The
concentration and the mobility of majority charge
carriers were determined following the van der Pauw
method at the temperature 7' = 78 K in the mag-
netic field interval from 0.05 to 0.5 T. The capaci-
tance parameters were obtained on a precision device
LCR-819 in the temperature interval 78-300 K.

3. Experimental Results
3.1. Surface topometry

It was found that the ion irradiation of the surface
of studied specimens gives rise to the formation of
a characteristic relief on it. The AFM images of the
initial surface of typical heterostructure specimens on
the basis of CdHgTe (Figs. 1,a and 2,a) demonstrate
a grid of quasipores (3.5 +10) nm in depth and (50 +
160) nm in diameter, as well as closely packed grains
ranging from 40 to 80 nm in dimensions and located in
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Fig. 1. Profile of Cd,Hgi_.Te (z~ 0.223) surface (a) be-
fore implantation and after implantation with (b) boron and
(c) silver

the surface plane between the pores. The root-mean-
square roughness over a surface fragment 1 x 1 pm?
in area amounts to 2.45 nm.

Implantation with boron results in insignificant
changes of the surface relief (Figs. 1, b and 2, b).
Namely, the ordered grid of quasipores is not ob-
served, but the surface became denser: keeping the
same roughness parameters, its area increased (see
Table 1). Some grains (their sizes did not change in
comparison with those on the initial surface) formed
chains with grooves between them with a depth of up
to 10 nm. At the same time, the implantation with
silver ions gives rise to the emergence of a uniform
array of nano-islands 5 to 25 nm in height and with
a base diameter of 13 to 35 nm against the back-
ground of the insignificant smearing of initial grain
boundaries and the constant surface porosity (Fig. 1,¢
and 2,c). Accordingly, the relief became more de-
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Fig. 2. AFM images of Cdo.223Hgo.777Te surface (a) in the
initial state, (b) after implantation with B*, and (c) after im-
plantation with Agt

veloped, and the root-mean-square roughness R, in-
creased (Table 1).

3.2. Optical Parameters

While interpreting the ellipsometric data for the de-
termination of optical parameters for the specimens
in the first group, a two-layer model of the refract-
ing system, namely damaged layer/CdHgTe/CdZnTe,
was engaged [13]. For the specimens in the sec-
ond group, the interpretation of the results obtained
and the determination of the optical parameters in
the damaged layer became possible only after having

ISSN 2071-0186. Ukr. J. Phys. 2013. Vol. 58, No. 9



Role of Mechanical Stresses at Ion Implantation

Table 2. Parameters of the optical system “damaged layer”/Cdo.223Hgo.777Te;

d, d1, and d2 are the thicknesses of a CdHgTe film in the initial state and the damaged layers
formed after implantation; n, ni1, n2 and k, k1, k2 are the refractive indices and the extinction
coefficients of the CdHgTe film in the initial state and the damaged layers

“Damaged layer”/CdHgTe

CdHgTe film in the initial state
d=174 pmn = 3.87; k =1.1

di/d2, pm

Optical parameters

ni/nz/n ki/k2/k

Implantation with Bt 0.38/-

Implantation with Agt

0.048/0.056

0.098/-/0.67
0.06,/0.09/1.19

1.029/-/3.56
1.7/1.38/3.5

made the system more complicated by introducing an
additional layer, which is associated with a specific
character of damages in CdHgTe induced by silver
ions. The values of refractive indices and extinction
coefficients in the damaged layers turned out anoma-
lously small [14] with respect to the corresponding
values for CdHgTe in both groups of specimens. For
typical specimens, the values of optical parameters
n1,2 and k; 2, and the thicknesses of damaged lay-
ers di » are quoted in Table 2. Damages revealed in
the near-surface region of CdHgTe form a layer not
thicker than 0.4 or 0.1 gm in the case of implantation
with boron or silver, respectively.

The optical transmission spectra of the examined
specimens are shown in Fig. 3. The average trans-
mittance T for all specimens in the initial state
amounted to about 50%. A characteristic feature
of the spectrum for the Cd,Hg; ,Te solid solution
with z =~ 0.223 is the presence of the absorption edge
at Ay = 6.60 um. After the thermal treatment, the
transmittance for the first group of structures (only!)
decreased down to 10% in the whole spectral inter-
val, and an additional absorption interval emerged
with the cut-off at Ay = 9.94 pym.

3.3. Mechanical properties

The variation of the relative microhardness was de-
termined by the formula

HWV,

n= "V (1)

where HV; and HV are the microhardnesses of speci-
mens before and after the implantation, respectively.
The researches showed that, after the implantation
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Fig. 3. Transmission spectra of a typical Cdo.223Hgo.777Te/
CdZnTe specimen (a) in the initial state and (b) after implan-
tation with boron and annealing

and the annealing of the specimens, the microhard-
ness grew (up to n = 1.12) for the specimens im-
planted with boron and a little decreased (n = 0.96)
for the specimens implanted with silver in comparison
with the reference value (yp = 1).

3.4. Electrical properties

The analysis of the magnetic-field dependences of the
Hall coefficient Ry and the conductivity o showed
that the epitaxial CdHgTe film has the conductivity
of the n-type in the initial state. The character of
the dependences Ry (B) and o(B) can be explained
by the presence of electrons of two types (as was
done in work [15]): with low (4, = 0.322 m?/V -s)
and high (u,, = 8.0 m?/V -s) mobilities. After the
implantation, the concentration of electrons with a
low mobility increased from n; = 4.0 x 10! m—2 to
np+) & 6 x 1022 m 3 in the CdHgTe specimens im-
planted with boron and to nsg+) ~ 1.5 x 10 m~—®
in the specimens implanted with silver ions. No
contribution of high-mobility electrons, the concen-
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Fig. 4. Temperature dependences of the capacitance of typical
Cdo.223Hgo.777 Te/CdZnTe structures implanted with (a) BT
and (b) Agt and measured at various frequencies of the exci-
tation signal. The inset in panel (¢) demonstrates the scheme
of the examined mesostructure fabricated with the use of the
method of chemical etching, and the inset in panel (b) shows
the corresponding equivalent circuit

tration of which in the initial state was equal to
n2 ~ 5.0 x 10'® m—3, was revealed for all specimens
after their treatment.

In Fig. 4, the temperature dependences of the ca-
pacitance in the frequency interval from 10 to 10* Hz
are depicted for both groups of specimens. The het-
erostructures implanted with silver were found to re-
sponse to an applied external electric field starting
from frequencies much lower than 12 Hz (Fig. 4, a),
in contrast to the specimens implanted with boron.
The inset in Fig. 4, a demonstrates the physical
scheme and the inset in Fig. 4, b the equivalent elec-
tric circuit of the examined structures. Taking the
non-uniform distribution of microscopic properties
in the implanted material into account, a nonlinear
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constant-phase element was introduced to describe
the resistive and capacitive properties of the struc-
ture [16]. This element is designated as Qg on the
circuit diagram. Its impedance is described by the
relation Zog = (4o(jw)™) !, where Ay is an inde-
pendent factor, w is the frequency, and n,, ;. is a pa-
rameter of nonideality for the capacitor of this type,
which varies within the limits —1 < n, ; <1.

4. Discussion

Ion implantation is widely used to manufacture IR
photodiodes on the basis of CdHgTe solid solutions.
Instrument structures on the basis of n-type layers
located in the near-surface region of p-CdHgTe are
usually obtained by implanting BT ions into the tar-
get. To obtain p—n transitions, CdHgTe of the n-type
is implanted with As™ ions [11,17].

At the same time, the implantation of semiconduc-
tor hetero- and homo-epitaxial systems with high-
energy ions is known to be accompanied by the in-
sertion of a considerable number of defects [18, 19].
The kinetics of this process is driven by the diffusion
mobility of defects and depends on both the presence
of migration barriers and the character of the interac-
tion between doping elements, impurities, and intrin-
sic point defects in the semiconductor. On the other
hand, the internal mechanical stresses in the regions
of radiation-induced disordering violate the unifor-
mity of physical characteristics in the semiconductor
material, which allows regions with special proper-
ties, e.g., getter ones, to be formed in the target [20—
23]. The results of experimental works [21-23] testify
that the redistribution of radiation-induced defects
also takes place at the ion irradiation of semiconduc-
tor materials in the energy interval 100-150 keV.

Consider the processes occurring in CdHgTe solid
solutions at their irradiation with 100-keV ions. It is
well-known that this substance reveals a substantial
sensitivity to technological processes. It is especially
true for the Hg—Te sublattice, because the enthalpy
of Hg-Te bond formation is low (AHy = 0.33 eV)
in comparison with that for the Cd-Te bond (AH; =
= 1.044 €V) [24]. The mathematical simulation of the
process of ion implantation with the use of the soft-
ware package TRIM 2008 allowed the parameters of
the radiation-induced disordering region to be deter-
mined for the cases of irradiation with 100-keV boron
and silver ions; the corresponding values are listed

ISSN 2071-0186. Ukr. J. Phys. 2013. Vol. 58, No. 9



Role of Mechanical Stresses at Ion Implantation

in Table 3. The energy losses (the energy transmit-
ted by an implanted ion to the nuclear subsystem of
the target by means of elastic interactions) amount to
79.2 éV/A for BT ions and 27.68 eV /A for Ag™ ones.
Therefore, we may assert that the track of a single ion
(BT or Ag™) forms a region around it in the CdHgTe
target, where the crystal structure of the semiconduc-
tor is considerably damaged. The near-surface region
of the target becomes saturated with point defects.
In particular, in CdHgTe solid solutions, these are
vacancies and mercury interstitial sites [25]. Mercury
interstitial sites, Hg;, are also formed owing to the
penetration of implanted atoms into the cation sub-
lattice of the semiconductor crystal matrix.

The boundaries of the CdHgTe crystal lattice dis-
tortion are given by the implant distribution profile
C(z). In Fig. 5, the corresponding distributions cal-
culated for the implantation with boron and silver
are shown. The impurities are mainly located in
the near-surface region of the epitaxial CdHgTe layer
0.4\0.1 pm in thickness. The concentration of ions
reaches its maximum value of about 10* m~3 at a
depth of 0.2\0.05 pm. At z — 0.4\0.1 ym, the con-
centration of the introduced impurity C(z) decreases
by an order of magnitude. It should be noted that
the thickness of a damaged layer determined from
the results of ellipsometric measurements (of about
0.38\0.1 pm, see Table 2) is close to the thickness of
the layer, in which the maximum implant concentra-
tion is observed (Fig. 5).

Radiation-induced defects distort the crystal lat-
tice and, accordingly, the heterostructure. The mag-
nitude of mechanical stresses created in the CdHgTe
film after its implantation can be determined from
the relation [26]

C(z)BE
7(2) = G 2)
where v is Poisson’s ratio, E is the Young modulus, z
is the coordinate, and C (z) is the distribution profile
of an impurity introduced into the target. The coeffi-
cient of CdHgTe crystal lattice contraction by the in-
troduced implant, 3, was determined using the results
of X-ray diffraction studies of specimens and amounts
to B = 3.51 x 103! m3 for silver and 1.25 x 1032 m3
for boron. Therefore, the mechanical stresses that
arise in the near-surface layer of an epitaxial CdHgTe
film attain, according to our estimations, the maxi-
mum values of omax ~ 1.4 x 10® Pa for boron and
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Fig. 6. Profiles of deformations in the Cdg.223Hgo.777Te film
on the CdZnTe substrate induced by introducing the B+ and
Ag™ impurities

Table 3. Parameters of the CdHgTe region
subjected to the ion-induced disordering

Parameters Bt Agt
Path projection R,, pm 0.22 0.0365
Straggling, um 0.17 0.024
Maximum mechanical
stresses o, Pa 1.4 x 103 | 2.2 x 10°
Maximum impurity
concentration C', m—3 9.5 x 1023 | 5.0 x 1024
Vacancy concentration Cy, N/ A ion 20.0 4.5

Omax = 2.2 x 10% Pa for silver. If the contribution of
intrinsic defects is taken into account, expression (2)
looks like

P —2E%(6VVCV + 6V 0), (3)
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where o, and o, are the components of normal
stresses, ) is the atomic volume of the crystal lattice,
0Vy and 8V are the relaxation volumes of a point de-
fect and an impurity, respectively, and the values of
Cv and C are given in Table 3. In Fig. 6, the dia-
grams of the residual concentration-induced stresses
as functions of o/E are plotted. Hence, the implan-
tation of epitaxial CdHgTe layers with boron or sil-
ver ions, which is characterized by the same energy
and the same dose, results in the formation of dam-
aged layers that are considerably different in those
two cases by the character of damages and the thick-
nesses of damaged layers, with the maxima of the cor-
responding mechanical stresses differing by two orders
of magnitude.

In our opinion, the distinction between effects aris-
ing in the near-surface layer of an epitaxial CdHgTe
film owing to its treatment with boron and silver
ions is connected with the opposite character of de-
formations inserting by those ions into the crystal
lattice. Really, as was shown in work [27], the im-
plantation of CdHgTe with ions of small radius (such
as Bt with a radius of 1.17 A [28]) stimulates the
contraction of the damaged layer, whereas the im-
plantation of this material with Hg ions with a ra-
dius of 1.76 A [28] or Cd ones with a radius of
1.71 A [28] (in our case, are these are Ag ions with
a radius of 1.75 A [28]), on the contrary, gives rise
to the stretching of the semiconductor near-surface
layer. Hence, the squeezing or stretching of the
near-surface region in the epitaxial CdHgTe film and,
respectively, the stretching or squeezing of deeper
layers in this material (i.e. the appearance of a
strain gradient) promotes the redistribution of point
defects over the system, as the heterostructure is
annealed.

It should be noted that the final distribution of de-
fects in implanted structures depends not only on the
treatment regimes and the properties of ions used for
the implantation. Impurities, being introduced into
CdHgTe, demonstrate a high ability to penetrate, but
not the chemical activity [14]. The intrinsic defects in
CdHgTe are also characterized by a high diffusion mo-
bility, e.g., along prolonged defects. This means that
the diffusion, in the presence of deformation gradient,
changes the final distribution of defects in the im-
planted CdHgTe-based heterostructure with the help
of the deformation-assisted drawing out of migrating
atoms.
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Taking into account that mercury and boron are
driven by the vacancy mechanism, whereas silver
moves, being governed by the dissociative mechanism,
the migration of interstitial mercury atoms, Hg;, was
found to be the dominating process in the specimens.
In this case, the flow of defects is directed normally
to the specimen surface, from the contracted region
to the stretched one. At the same time, the redun-
dant pressure in the chamber prohibits mercury from
moving toward the epitaxial film surface [29] during
the annealing of the specimen.

Hence, in the course of annealing of the specimens
implanted with boron, interstitial mercury diffuses
mainly into the specimen depth, where the “heal-
ing” of intrinsic defects — mercury vacancies Vig —
takes place, which results in an enhancement of the
electron contribution to the conductivity in CdHgTe.
This conclusion is favored by the variations in the
electrophysical parameters, in particular, by a growth
of the electron concentration (see Section 3.4). The
topometric results demonstrate the effect of surface
compaction for the specimens in the first group after
their implantation and annealing. This fact can be
explained by the process of vacancy-assisted dissolu-
tion of nano- and micropores, which evidently brings
about the strengthening of the surface of the treated
material [30]. During this process, both the trans-
lational motion of grains and the shear macrodefor-
mation are directed along the intergrain boundaries,
whereas the process of surface “healing” in the di-
rections perpendicular to that of grain shifts. In
such a way, the mechanical stresses relax, and the
disordered semiconductor layer changes its porous
structure. The opposite character of a deformation
in the near-surface layers of specimens implanted
with silver does not promote, evidently, the pore
disappearance and impedes mercury to diffuse into
the target depth at the annealing. Moreover, the
stretching of the near-surface region in the epitax-
ial CdHgTe film and, accordingly, the contraction of
deeper layers may be the origin of drawing out sil-
ver ions onto the surface. The formation of a uni-
form array of nanoislands can be associated with
silver’s liability to create solid solutions in CdHgTe
at the ion implantation [14] and with the extrac-
tion of Ag in the form of nanoparticles in the target
[31]. Another possible explanation consists in the ex-
traction of Te precipitates from the anion sublattice
of CdHgTe [32].
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At last, let us analyze the results obtained for the
capacitive response of the examined structure to a si-
nusoidal electric driving signal generated by an LCR-
meter. The character of the obtained temperature
and frequency dependences of the capacity of the
studied specimens (see Fig. 4) depends on whether
the charge transfer process is quick enough to trace
the oscillations of the alternating voltage applied to
the structure and used to carry out CV measure-
ments.

The features observed at low frequencies testify to
the process of electric charge transfer associated with
the ion migration. From the frequency dependences
and with the help of the relation fiax7ar = 1 [16], the
relaxation times of the conductivity in the specimens,
Ty, were determined. The 7,/-values were found to
fall within the interval from 0.3 ms (specimens of the
first group) to 30 ms (specimens of the second group).
A certain analogy can be made with the ion-migration
polarization in insulators, which originates from the
presence of layers with different conductivities in the
material [33].

For the results obtained in this work to be success-
fully interpreted, some refinements should be made
to both the analog and physical models. In addition,
X-ray diffraction researches of the specimens should
be carried out, which would allow the mechanism of
charge transfer in a disordered system — such as the
CdHgTe solid solution subjected to the irradiation
with boron and silver ions — to be elucidated.

5. Conclusions

1. Irradiation of the specimens of Cdg.223Hgo.777Te/
CdZnTe heterostructures with 100-keV B* and Ag™
ions to an implantation dose of 3 x 10'3 cm™—2 gives
rise to the specimen surface structurization.

2. The processes of ion penetration and interac-
tion of point defects with the porosity is accompa-
nied by irreversible changes in the structure-sensitive
properties of the examined heterostructures on the
basis of CdHgTe. The formation of layers with the
optical parameters n and k that are anomalously
small in comparison with the corresponding matrix
values was revealed in the near-surface region of
CdHgTe film.

3. It was found that, when CdHgTe is implanted
with boron ions, its crystal lattice becomes squeezed.
In the case of the implantation with ions of larger
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radius (Ag"), the stretching of the CdHgTe crystal
lattice takes place.

4. The coefficient of crystal lattice contraction 8
for the CdHgTe solid solution was found to equal
3.51 x 1073 m? and 1.25 x 10732 m3 in the cases of
the implantation with boron and silver, respectively.
The maximal mechanical stresses op,,x in the region
of radiation-induced disordering were determined to
equal about 1.4 x 10® Pa for the boron implantation
and about 2.2 x 10° Pa for the silver one.

5. The penetration of ions changes the mechanical
characteristics of the epitaxial layer of the narrow-
band semiconductor. The deformation resistance of
a CdHgTe film depends on the atomic radius of an
implant, namely Bt ions increase and Ag™ ones
reduce it.
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Translated from Ukrainian by O.I. Voitenko

0.B. Cmipnos, O.C. JIumeu,
B.O. Mopoostcenxo, P.K. Caskina, M.I. Cmonid,
P.C. Yoosuyvka, @.D. Cusos

POJIb MEXAHIYHUX HAIIPYKEHbB IIPY IOHHIN
IMIIJIAHTAIIIT TBEPANX PO3YNHIB CdHgTe

PezwowMme

IIpencraBieHo pe3ysbTaTé CHUCTEMATHYHHUX JOCHIJKEHb CTPY-
KTYPHHUX, OINTHYHHX Ta €JeKTPUYHUX BJIACTHBOCTEH Ha-
niBnposigaukoBux rerepoctpykryp n-CdzHgi_,Te/CdZnTe
(z ~ 0,223) mo Ta micma ompomimenms iomamm Bt Ta AgT
(100 xeB, mosza immuanranii @ = 3 - 1013 cm—2). 3aiiickeno
MaTeMaTUIHEe MOZEJIOBAHHS IIPOIECY i0HHOI iMItanTanil i3 3a-
crocyBaHHAM nporpamuoro makera TRIM 2008. Bcranosme-
HO, IO B PE3yJIbTATI ONPOMIHEHHSI HA IIOBEPXHI JOCIIIXKYyBa-
HHUX 3pa3KiB BiI0yBa€ThCA yTBOPEHHS XapaKTEPHOIO penbedy,
a B IPHUIIOBEPXHEBIi# o6sacTi — mapy 3 BigMiHHEMEU Bix MarpHit
ONTHYHUMHU XapPaKTEePHUCTHKaMu. B pe3ynbrari iMrranTarii ermi-
rakcifinux mapiB Cd,Hgi_,Te ionamu 60py Ta cpibna 3 ogHa-
KOBOIO €HEPTri€I0 Ta {0300 yTBOPIOETHCS CyTTEBO BiaAMiHHUU 3a
XapaKTePOM IIOIIKO[YKEHHS T3 TOBIIWHOI IOPYIIEHWH miap 3
MaKCHMAaJIbHUMM MEXAHIYHUMU HAIPYKEHHSMH, IO BigpizHs-
IOTHCA HA [BA HOPAAKYW BenwduHu. OTPHMAHO 3HAYEHHS KO-
edinienra cruckaHHsa [ KPHCTAJIIYHOI IPATKH Ta MEXaHIYHHX
HAIIPYXKEHb Oyaxc B 00/1aCTI paaianiiHOro po3ynopsiaKyBaHHS
TBEpZOTro po34uHy. OBroBOPIOETHCA POJIb MEXAHIYHUX HAIPY-
JKEeHb JIEFOBAHOr0 IMapy y nepeposnoniii gedekris i dhopmy-
BaHHI mocriMmmaanTanifiaux Bracrusocteir Cdo 223Hgo, 777 Te.
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