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Under complex approach by means of simultaneous measurements (during
the deformation) of stress—strain diagrams (t—¢), the Hall coefficient Ry,
electrical conductivity o, temperature dependences of microhardness H(T)
and quantitative analysis of interfacial interactions (energy of interfacial
interaction y, and interfacial tension c,,), the peculiarities of the mechanical
properties in Cd,Hg;-,Te solid-solution crystals (x =0-0.26) with metal and
semi-conductor properties are studied. The special role of point defects and
the influence of band structure on the behaviour of mobile dislocations are
established. As found, in the process of strain hardening, a significant con-
tribution is made by the interphase interaction between neighbouring struc-
tural fragments inherent in the semi-metallic crystal as well as induced in the
process of deformation. From the point of view of non-equilibrium thermo-
dynamics, energy parameters of interphase interaction in a fragmented crys-
tal are estimated and a mechanism of self-organization is proposed. The pecu-
liarities of near-surface layers and their role in formation of the elastic—
plastic state of the investigated crystals are analysed. As claimed, the crystal
under process of deformation should be considered as an open non-
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equilibrium thermodynamic system that evolves to minimum entropy not
only to preserve its integrity, but also to create new types of structures (de-
fects) capable of more effectively dissipating the added energy.

Key words: deformed crystals, Hall coefficient, microhardness, Young’s
modulus, interfacial interaction, interfacial tension.

I3 3acTocyBaHHAM KOMILIEKCHOTO HiIX0y, — CUHXPOHHUX MipsaHBb y IIpoIeci
IedopmMmariii gisrpam Hanpy:keHHA—Aedopmaria (t—e), ['oamoBoro xoediien-
Ta Ry, €JIeKTPOIIPOBiAHOCTH G, TEMIIEPATYPHUX 3aJIEKHOCTEeH MiKpPOTBEPIOCTU
H(T) i xinskicHoi ananisu mirkdaszoBux B3aeMonin (eHeprii miskdasoBoi B3a-
€MOJii Ym 1 MisK(a30BOT0 HATATY Gm), — AOCILAIKEHO OCOOJMBOCTI MeXaHIUHIX
BJIACTUBOCTEM KpucTaaiB TBepaux posunnis Cd, Hg;-.Te (x =0-0,26). Becrano-
BJIEHO 0COOJIMBY DPOJIb TOUKOBUX Ae(eKTiB i BIIJIMB 30HHOI CTPYKTYpPH Ha IIOBE-
IiHKY PyXOMHUX AUCJOKAIlili. BusiBieHo, 1110 y mpoiieci megopmaliiiinoro amiir-
HEHHS iCTOTHUY BHECOK BHOCUTDL MijK(pas3oBa B3aeMOIiA MiK CyCiZHIMU CTPYK-
TYypHUMH (pparMeHTaMu, BIACTUBUMMU KPUCTATY, 4 TaKOXK iHAYKOBAHUMHU Y
mpoiieci gedopmarrii. 3 mo3uIliii HepiBHOBAMKHOI TepMOJUHAMIKK IPOBEIAEHO
OIIiHKM eHepreTUYHUX IIapaMeTpiB Mixk(aszoBoi B3aeMomii y ()parMmeHTOBaHO-
My KPHCTAJIi Ta 3aIIpOIMOHOBAHO MexaHidM camoopraHisarii. IIpoanasizoBano
0COOJIMBOCTiI MPUIIOBEPXHEBUX IIApiB Ta iXHIO poJib y (GOPMYyBaHHI IIPYKHBO-
IJIACTUYHOTO CTAaHy AOCIIMKYyBaHUX KpucTaaiB. CTBepAKyeThCA, 110 KPUCTAJ
y mporeci neopMairii caig posriiagaT AK BiZIKPUTY HePiBHOBAYKHY TEPMOIH-
HaMiuHy cuUCTeMy, AKa eBOJIIOIIOHYE M0 MiHiMaJIbHOI €HTPOIIil He JuIle IJsd
30eperKeHHs CBOEI IisicHOCTH, ajie if 3 MEeTOI0 CTBOPEHHS HOBUX THUIIIB CTPYK-
Typ (ZedeKTiB), 31aTHUX O1JIBIIT e(DEKTUBHO PO3CiI0OBATH MiBeIeHY eHepTiio.

Karouosi ciioBa: medopmoBaHi Kpucranm, IosriB xoedimienT, Mikporsep-
micts, Mmoxayab FOura, mikdgasua B3aeMmofisa, miskdasuuii HaTar.

(Received 12 September, 2024, in final version, 22 October, 2024 )

1.INTRODUCTION

The long-term history of the plastic deformation study in crystals in-
dicates the relaxation nature of internal processes under the action of
mechanical stresses. The multifaceted nature of structural states in-
herent in deformed materials testifies to the complex nature of defor-
mation defect formation and the non-trivial nature of dissipation of
the energy supplied to the crystal. Therefore, the logical consequence
of this situation is the absence of the universal and simple mechanism
for the deformation of solid bodies at the moment. In this aspect, in-
creasing the range of research on unique objects contributes to the
deepening of the understanding of existing and the formation of new
ideas about the mechanisms of deformation of solid bodies.

Single crystals of HgTe—CdTe solid solutions occupy intermediate
position between metals and classical semiconductors in terms of phys-
ical number and mechanical parameters were studied. With small com-
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position of CdTe (x=0.11-0.16), according to their electrical charac-
teristics, these crystals show semi-metallic properties. These materials
are characterized by high brittleness at room temperature, which
brings them closer to purely covalent semiconductors. However, on the
other hand, there are large densities of ‘forest’ dislocations (10°-—
10%cm™2), a high concentration of point defects, mainly mercury va-
cancies, reaching electron concentration values of 10'°-10%° cm™2 with-
in the homogeneity region, mixed ionic-covalent character of the
chemical bonds with the predominance of ionic component (= 60% )—
factors that bring such materials closer to metals. Let us note that the
concentration of vacancies in Ge, even close to the melting tempera-
ture, is only 10% cm™3. Moreover, the analysis of a number of conduct-
ed studies on the deformation behaviour of mixed crystals shows that
they are characterized by some contradictory properties that are not
characteristic of typical semiconductors but of metals. In combination
with low values of Peierls barriers, the studied crystals show a rela-
tively high fragility characteristic of classical semiconductors. On the
other hand, there is a high sensitivity of the yield point to the rate of
deformation; a significant dependence of their mechanical parameters
on temperature brings these crystals closer to metals. Such behaviour
cannot be explained within the framework of the traditional mecha-
nism of thermally activated dislocation motion. The multistage defor-
mation curves and the revealed fragmentation of the macrostructure
of the deformed crystal indicate not only a significant transformation
of the defective structure, but also complex mechanisms of energy dis-
sipation. The evidence is unique macrodefects in deformed crystals,
which arise as a result of self-organization processes in the defective
subsystem during the dynamic loading of the crystal [1]. Thus, along
with microdeformation (moving dislocations), macroplastic fluidity
takes place, in which three-dimensional structural elements take part.
Such features of the structure are caused by self-organizing processes
at the micro- and macrolevels, which correspond to different mecha-
nisms of energy dissipation in the loaded crystal at different stages of
its deformation [2]. That is, with a complete description of the mecha-
nisms of crystal deformation, the problem should be solved only taking
into account the hierarchy of structural levels of deformation. There-
fore, it is important to find out the mechanisms of self-organizing pro-
cesses at the macro- and microlevels at different stages of strain hard-
ening during uniaxial deformation.

Despite such ‘exotic’ objects and their important practical applica-
tion, data on the patterns of dislocation movement and mechanisms of
plastic flow are fragmentary. The role of other non-dislocation mecha-
nisms of plastic flow has also not been established. Therefore, the
study of the patterns of microdeformation of these crystals is an ur-
gent practical and fundamental task.
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The aim of the work was to establish in elastic-plastically deformed
crystals of Cd.Hg:-.Te solid solutions (x =0-0.26) at the macro- and
microstructural levels of deformation, the laws of energy relaxation
and their plastic deformation, taking into account the zone structure,
features of point defects and the role of interphase interactions and
self-organizing processes.

2. EXPERIMENTAL METHOD

Crystals grown by the Bridgman method and solid-state recrystalliza-
tion were used. The regularities of microplastic deformation of crys-
tals of HgTe—CdTe solid solutions were studied using uniaxial com-
pression methods on a Regel-Dubov relaxometer in the temperature
range of 77-450 K. Measurements at temperatures below room tem-
perature were carried out in a special vacuum cryostat. The dimensions
of non-oriented samples were of 3 mm. Deformation was performed by
uniaxial compression along the long rib at a constant speed. To study
the kinetics of deformation, we used a synchronous recording during
the process of uniaxial deformation of the load curve ‘stress—strain’
(t—¢). In the process of deformation, the sample was placed in a self-
centring quartz punch.

The measurement of the Hall coefficient Ry during deformation was
carried out according to the standard method in a constant magnetic
field with an induction of 0.8 T. The Hall magnetic field was created by
an electromagnet (NS) with the direction of the induction lines per-
pendicular to the axis of deformation. Synchronous measurements of
specific electrical conductivity o were at direct current using the four-
probe method using a point pair of contacts. The potential difference
was recorded with digital voltmeter.

3. RESULTS AND DISCUSSION

3.1. Analysis of Microplastic Deformation Dislocation Mechanisms in
Cd.Hg;-.Te Crystals

The traditional description of plastic deformation mechanisms in crys-
tals is based, on the dislocation mechanisms of nucleation and propaga-
tion of dislocations. In this regard, we will consider the patterns of mi-
croplastic deformation of crystals of HgTe—CdTe solid solutions.

The primary task of the research was to study the influence of vari-
ous factors on the parameters of the strain hardening curves ‘stress 1—
strain ¢’. It was established: 1) the dependences t—¢ are described by a
typical four-stage shape of the load curve with a characteristic yield
‘tooth’, first proposed for f.c.c. metals, 2) uniaxial compression of
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Cd.Hg:,Te samples along different crystallographic directions does
not reveal significant differences in the parameters of the strain hard-
ening curves. This fact follows logically from the geometry of disloca-
tion movement in the sphalerite structure [3], 3) the stoichiometry of
the crystals significantly affects the process of strain hardening and,
accordingly, the parameters of the oc—¢ curves, 4) strain hardening
curves show great sensitivity to loading speed (Fig. 1).

In particular, as can be seen, deformation at extremely low
(1.46-10*mm/min) and high (2.34-102 mm/min) velocities is not ac-
companied by the detection of characteristic fluidity ‘tooth’, the na-
ture of which in these crystals is described in [4].

An increase in the loading rate in the studied interval leads to an in-
crease in the yield strength of the crystal and a decrease in the length
of the easy sliding stage. It was established that the value of the maxi-
mum deformation for the minimum speed was 21% , and for the maxi-
mum—1.6% . The yield strength increases from 2.85 to 7.15 kHz/mm?
as the rate of deformation increases.

For the investigated crystals, it was established that the activation
energy of the dislocation movement lies within the range 0.14—
0.41eV, and the activation volume value is (11-22)b* (where b—
Burgers vector) [5]. According to [6], the given values of the activation
parameters of dislocation movement correspond to the Peierls mecha-
nism of displacement and propagation of dislocations.
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Fig. 1. Strain hardening curves (T = 293 K) of Cdo.2:HgosTe crystals at differ-
ent loading rates (mm/min): 1—1.46-103, 2—5.56-10"%, 3—11.7-1072, 4—
23.4-1073,
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Considering the non-stoichiometric nature of the investigated crys-
tals, the special role of stoichiometry defects in the processes of retar-
dation and propagation of dislocations must be taken into account
when analysing the mechanisms of plastic deformation. An increase in
the concentration of vacancies is accompanied by a natural decrease in
the activation volume and a slight increase in the activation energy.
This behaviour can be explained within the framework of the mecha-
nism of inhibition of mobile dislocations by local obstacles caused by
mercury vacancies. That is, in Cd.Hg;-.Te crystals, within the frame-
work of the main mechanism of displacement of dislocations (Peierls
mechanism), [Hg] vacancies are the dominant defects affecting the ki-
netics of movement and propagation of double kinks. However, the
role of point defects (mercury vacancies) in the investigated crystals is
not limited to the elastic interaction of mobile dislocations with such
imperfections. Obviously, one should expect certain features in such an
interaction, which are caused by the features of the zone structure of
crystals. In particular, in narrow-band crystals p-Cd, Hg:-.Te (E,=0.1—-
0.2eV), stoichiometric defects create acceptor levels in the band gap
near the ceiling of the valence band. In this regard, relatively small
changes in temperature lead to local centres recharging with corre-
sponding levels in the forbidden zone. Thus, within the limits of the
main deformation mechanism that controls the behaviour of disloca-
tions, a change in crystal temperature is accompanied, along with a
change in the electrical conductivity mechanism, by a change in the al-
ternative mechanism of interaction of mobile dislocations with point
defects of the crystal lattice. Thus, it can be asserted that, in addition to
the described factors, the equilibrium state of the electronic subsystem
of the crystal has a significant influence on the behaviour of dislocations.

For this purpose, the thermally activated sliding of dislocations in a
wide temperature range was studied synchronously with the state con-
trol of the electronic subsystem. In particular, we studied the behav-
iour of the yield strength to with temperature for a series of crystals of
the same type p-Cdo.2Hgo.sTe (Fig. 2).

To identify the state of the electronic subsystem, the figure also
shows the temperature dependence of the Hall coefficient of a typical
sample from this series of crystals used in deformation experiments. As
can be seen, in the area of impurity conductivity of the crystal (conduc-
tivity is carried out by ‘impurity’ acceptors: vacancies of mercury, cad-
mium or their complexes), 1o rapidly decreases with an activation energy
of 20.04 eV. In this temperature range, a significant concentration of
acceptors is in an electroneutral state, and only a small amount of them
is ionized. As the temperature increases, the number of electrons local-
ized at the acceptor level increases. Conduction in this interval is carried
out by impurity holes, as well as by own electrons. The yield strength of
crystals in this region varies relatively little with temperature.
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Fig. 2. Temperature dependence of yield strength t and Hall coefficient Ry of
p-Cdo.oHgo sTe crystal.

A further increase in temperature transfers the crystal to the region
of its own conductivity, within which electrical conductivity is carried
out by its own electrons and holes formed as a result of ‘zone—zone’
thermal excitations. All acceptor states here are ionized. The yield
strength in this region decreases with an increase in temperature with
an activation energy of 0.3 eV. Such dependencies are typical for semi-
conductor crystals. Characteristic values of the activation parameters
of dislocation movement for each analysed region are given in Table 1.

It can be seen that the general trend in the heat-activated movement

TABLE 1. Characteristic values of the activation parameters of dislocation
movement for each analysed region.

Area of electrical | Activation |Activation Energy position of

Sample conductivity energy, eV | volume, the acceé)\t,or level,
Own: 350-430 K 0.39 11
Cdo.sHgo.7Te, Mixed: 180—-290 K )
6. s . 0.07 3 0.085
prr=4-10" cm Impurity: 77— 0.04 0.4
180K ’ :
Own: 210-400 K 0.3 10
Cdo,2Hgo,sTe, Mixed: 100-210 K )
T . 0.08 2 0.028
prr=10"cm Impurity: 77— 0.04 0.3

100K
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of dislocations during the transition of crystals from the impurity re-
gion of conductivity to their own is an increase in the activation vol-
ume and activation energy of mobile dislocations.

Thus, taking into account the behaviour of the activation parame-
ters in the studied crystals, the thermally activated movement of dis-
locations in Cd,Hg:-.Te can be considered as an overlap of the mecha-
nisms of conservative movement of dislocations and pure slip. The
growth of the activation volume during the transition from the impu-
rity region to its own indicates the growth of the contribution of pure
slip over creep in the general mechanism of dislocation movement. The
last mechanism is quite complex and requires several types of defects
and two types of atoms to implement. As can be seen, the atomic struc-
ture of the studied crystals is quite favourable for such a mechanism.
Extensive studies of the processes of conservative movement of dislo-
cations have shown that dislocation creep is facilitated in materials
saturated with point defects [7]. This situation is typical for crystals of
Cd.Hg:-.Te solid solutions.

In the light of the outlined concept of the influence of the state of
the electronic subsystem on the behaviour of dislocations, a convincing
and vivid example is the results of studies of the temperature depend-
ence of H.(T) of the investigated crystals with different band gap
width E, and spectrum of point defects. Microhardness was measured
according to the standard method using the IIMT-3 device. In Figure 3,
the following dependences for p-type (x=0.19, E,=0.1eV) and n-type
(x=0.26, E;=0.15 eV) compositions are shown.

The peculiarity of these experiments is that the behaviour of dislo-
cations in the entire temperature range is followed on one sample,
which is characterized by a certain type of point defects inherent only
to this crystal. As follows from the given results, all the above-
described regularities of the influence of the electronic subsystem on
the behaviour of the yield strength with temperature are clearly ful-
filled also for microhardness. In particular, the dependence of 1(T)
(Fig. 3) has three characteristic sections: in the first section (77—
133 K, the region of impurity conductivity), t decreases sharply with
increasing temperature, reaching at the border of the section a value
almost equal to the corresponding value at room temperature. The sec-
ond region (133—-293 K, region of mixed conductivity) is characterized
by an almost athermal dependence of t(T'). The plastic flow of the crys-
tal in this region is insignificant. The third section (293—-450 K, the re-
gion of intrinsic conductivity) is characterized by a rapid increase in the
plasticity of the sample with increasing temperature. It is important
that the activation parameters of dislocations in the described experi-
ments lie within the limits of the values given above for uniaxial tests,
which indicates the adequacy of the above-discussed interpretation of
the behaviour of dislocations in intrinsically defective CdHgTe crystals.
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Fig. 3. Temperature dependence of the microhardness of p-Cdo.19Hgo.s1Te crys-
tals: 1—concentration of acceptors pr7=102m=3, 2—p;r=2-10 m3 and 3—n-
Cdo.26Hgo.74Te (177 =10 m™3).

As follows from Fig. 3, the behaviour of the dependence of ©(T) in n-
type crystals is significantly different from the similar one for p-type,
since the spectrum of point defects in these crystals is significantly
different (n >> p). It is characterized by a monotonous decrease in mi-
crohardness with increasing temperature without characteristic areas
inherent in p-type crystals. The dominant defects in this temperature
range in n-type crystals are ionized internodal mercury atoms. There-
fore, in the studied temperature range, the charge state of local stop-
pers for dislocations does not change. The temperature change in mi-
crohardness mainly occurs due to the change in the height of the Pei-
erls barriers and the probability of throwing out double kinks of dislo-
cations.

Note that the result of the interaction in the system ‘an ensemble of
point defects—moving dislocations’ is determined not only by the prop-
erties of point defects, but also by the properties of linear defects (dis-
locations) that carry out thermally activated movement in the slip
plane. To obtain such information, synchronous measurements in the
process of uniaxial deformation of the specific electrical conductivity
and the Hall coefficient are relevant.

As follows from Fig. 4, the uniaxial deformation of the p-type crys-
tal is accompanied by a monotonous decrease with an increase in the
degree of deformation of the Hall coefficient Ry and an increase in its
electrical conductivity c. Moreover, the Hall coefficient has a negative
value, since in the region of mixed conductivity, within which the
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Fig. 4. Change in the Hall coefficient (1) of the p-Cdo.2HgosTe crystal and its
electrical conductivity (2) in the process of uniaxial deformation (T'= 300 K).

measurements were made, the mobility of electrons greatly exceeds the
mobility of holes. A significant increase in the electrical conductivity
of the p-type sample is observed, as can be seen, after reaching the
‘tooth’ of fluidity. Therefore, at the stage of deformation to the ‘tooth’
(e < &0), the electrophysical changes of the crystal are determined by the
processes responsible for the formation of the ‘debris’ layer. The tran-
sition to the stage of macrofluidity (above &) is accompanied by the de-
localization of defect formation processes, i.e., the ‘drawing in’ of the
crystal volume into the deformation process. Therefore, changes in
electrophysical parameters in the process of deformation at this stage
will already be caused mainly by dislocation processes that will occur in
the ‘internal’ crystal, modified in relation to the original sample.

The simultaneous decrease in the Hall coefficient and increase in
electrical conductivity in p-type crystals during uniaxial deformation,
recorded experimentally (Fig. 4), can be explained within the frame-
work of the mechanism of thermofield ionization of charged centres.
Since strong electric fields are associated with dislocations in AZB°®
crystals (E=10°V/cm at a distance of =30 A from the dislocation
core), regions are formed in the zone of a strong electric field of a mov-
ing dislocation in which the dynamic equilibrium in the electronic sub-
system is shifted in side of the thermal generation of electrons from
local levels to the conduction zone. At the same time, electrons ‘eject-
ed’ by the field from the centres (Hg vacancies, ionized impurities) en-
ter the conduction zone and increase, accordingly, the concentration of
free electrons. Estimation of the thermal deionization time of the ac-
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ceptor centre with E»=0.03 eV gives a value of =2-107" s. For compari-
son, the localization time of the centre near a moving charged disloca-
tion significantly exceeds this value: ¢ = Rex,/Va= 1025 >> 107" s (Rexr is
the radius of the Ridov cylinder of the dislocation line =4-107°cm),
which indicates the assumption benefit have made.

In connection with the alternative properties of point defects in p-
and n-type crystals, the plastic deformation will differ significantly
due to the significant influence of electronic subsystem on the behav-
iour of mobile dislocations.

3.2. Interphase Interaction and Self-Organization Processes in the
Volume of a Deformed Crystal

A complete description of elastic-plastic deformations should analyse
the deformed crystal as an open thermodynamic system that evolves in
the process of deformation in the direction of creating structures of
effective energy dissipation, which continuously enters the object
through open channels [1, 2]. In such open highly unbalanced systems,
energy dissipation may not occur according to the Boltzmann law with
entropy growth (as in closed systems), but by its decrease due to cer-
tain quasi-stationary states. The behaviour of such systems in condi-
tions far from equilibrium is an irreversible process: a successive tran-
sition from one non-equilibrium state to another, which occurs with a
decrease in entropy, that is, an increase in the organization of the sys-
tem. Such processes are described by non-equilibrium thermodynam-
ics. They are characterized by the spontaneous arrangement of struc-
tures and the presence of bifurcation points, branching points of evo-
lution. A certain sign of self-organization is the staged change in the
process of evolution of the main parameters that reflect its structural
state. Important factors in such processes are mechanisms of energy
dissipation, which can change during the evolution of the system.

The self-organization of the deformed crystal experimentally mani-
fests itself in the gradual change of the macroscopic parameters. In
structures with existing interphase boundaries (heterogeneous sys-
tems), the efficiency of energy dissipation is determined by the inten-
sity of interphase interaction. Therefore, the goal of self-organization
in the deformation process is not only the preservation of the integrity
of the crystal at this stage, but also the generation of new types of
structures capable of effectively dissipating the added energy during
the further deformation process. That is, in the process of deformation
of the crystal, a process of spontaneous self-organization occurs due to
the emergence of new spatial structures. Therefore, the deformation
process should be considered at the macro- and micro-levels from the
standpoint of self-organization of the crystal with the aim of forming a
synergistic structure leading to minimum entropy.
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In this regard, we will discuss the mechanism of self-organization
processes at the macro level in such a fragmented crystal. The presence
in it of adjacent grains (areas) with different crystallographic orienta-
tion, the emergence of new structural elements separated by disloca-
tion sub-boundaries, leads to a specific phenomenon—interphase in-
teraction of bounded areas. This type of interaction occurs, as is
known, between heterogeneous volumes, as well as within the same sol-
id body between regions with different mechanical compatibility, i.e.,
which have different Young’s moduli E and are separated by a struc-
tural boundary [8]. It should be noted that the fragmentation of the
crystal during uniaxial deformation begins at the stage of its elastic-
plastic deformation during the formation of the debris layer. As shown
in Fig. 5, the microstructure of a deformed crystal at different stages
of deformation, which demonstrates the sequential process of crystal
deformational fragmentation with the formation of such separated
structures by dislocation boundaries.

When the crystal is loaded, the volume of the crystal is ‘drawn’ into
the deformation process of new deformation fragments formation. This
indicates an increase in the quantitative contribution of interphase in-
teraction to the mechanisms of crystal deformation. Quantitatively, the

Fig. 5. Formation of a gradient layer near the surface of a deformed crystal:
€=0.6% (a),e=1.2% (b).
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intensity of such interaction is estimated by two main parameters: the
interfacial interaction energy y. and the interfacial tension .

A detailed method of estimating the interfacial energy y. and inter-
facial tension o, and their numerical values for number of practically
important contacting pairs is given in Ref. [9]. The evaluation of the
parameters of the interfacial interaction according to this method in
deformed Cd.Hg:-.Te crystals revealed: when the Young’s moduli of
the bounded regions change as a result of crystallographic misorienta-
tion to the value E/E;=1.5, the energy of interfacial interaction
changes to 2-3%, and the value of interfacial tension—to 15. For
samples close in composition to CdTe, this parameter can reach 20%.
As can be seen, the most sensitive parameter to modular changes, which
determines the stress state on interfacial surfaces, is interfacial tension.
Therefore, without reducing generality, it can be stated that the process
of strain hardening is not only the result of the multiplication and inter-
action of dislocations generated in the process of plastic yielding, but
also a certain contribution of interfacial tension between deformation
fragments.

3.3. Nucleation of Dislocations and Interphase Interaction in Near-
Surface Layers of Deformed Crystals

Despite the Peierls mechanism of generation and propagation of dislo-
cations, the studied crystals have a relatively low yield stress that in-
dicates the nucleation of dislocations and, accordingly, the beginning
of microplastic flow, at very small values. It is obvious that this behav-
iour is due to the peculiarity of the behaviour of the surface sources of
dislocations inherent in these crystals. The investigated crystals are
characterized, in particular, by the presence on the surface of a wide
range of natural oxides CdO, CdTeOs, TeOs, HgTeOs;, HgTe205, which
form a stable dielectric structure with the semiconductor crystal—a
semiconductor.

The presence of a stable oxide layer on the surface of a semiconduc-
tor crystal creates a classic dielectric-semiconductor contact with the
corresponding structural elements inherent in such a structure (Fig.
6). In Figure 7, a typical zone diagram of such a contact is shown. A
feature of the structure is the presence of a strong electric field in the
oxide-semiconductor transition layer, which can reach values of 103—
10*V/em, caused by the localization of a positive built-in charge in the
border layer of the oxide [10]. Therefore, the existing electric field,
localized in the boundary layers of the semiconductor crystal and the
dielectric, will significantly affect the probability of the nucleation of
dislocation loops and their further behaviour.

Microscopic studies of deformed samples of Cd,Hg;-.Te in the pseu-
do-elastic stage indicate that the slip bands do not originate directly
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Fig. 6. Model representation of a fragment of the oxide layer (1) on the sur-
face of the deformed crystal (2) and the area of the space charge created by the
positive built-in charge in the oxide (3) and the negative charge (4) in the
semi-conductor.

from the surface, but originate at some distance from it. This indicates
that the formation of the near-surface gradient of dislocations at the
initial stage of deformation occurs mainly not with the participation of
purely surface sources (ribbons, microuniformities, etc.), but near-
surface sources. Such sources of dislocations are the accumulation of
point defects in the form of clusters or loops (vacancy and internodal
types), which are formed during deformational supersaturation. In
particular, under conditions of uniaxial compression, the equilibrium
concentration of vacancies on the surfaces to which the normal com-
pressive stress is applied decreases to the value ¢ = ¢, exp(-c9, / kT),

where ¢y is the equilibrium concentration of vacancies in the unloaded
crystal, 9, —atomic volume. At the same time, the equilibrium con-
centration of internodes, on the contrary, increases to the value
¢, = ¢, exp(—c9, / kT). This leads to oversaturation with vacancies
and to undersaturation in internodes. At the same time, vacancies mi-
grate to drains and form clusters and loops, which act as sources of
further propagation of dislocations. Since the vacancy formation en-
ergy in the near-surface layers of the crystal is significantly lower than
in the bulk, and the equilibrium concentration is correspondingly
higher, it becomes obvious that the specified processes of condensation
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Fig.7. A typical dielectric—semiconductor energy band diagram showing the
characteristic properties of an oxide layer on the surface of a deformed semi-
conductor.

of point defects will take place primarily and primarily in these ele-
ments of the crystal. The predominant formation of loops in the near-
surface layers will also be facilitated by the concentration of stresses
near the oxide—semiconductor interface due to the difference in elastic
moduli and coefficients of thermal expansion.

The critical size of the nucleus r. for stable growth of the vacancy
cluster has the form: r.=2y/c, where vy is the surface tension [11]. For
the investigated crystals, the nucleus size according to calculations is
r.=0.12 mm, which mean to real values.

Thus, at the initial pseudo-elastic stage of deformation, vacancy clus-
ters and clusters can form, which later play the role of the main sources
of dislocations near the free surface. Therefore, the formation of the
primary embryos of nucleation actually begins not directly from the sur-
face, but at some distance from it, that is, in a thin near-surface layer.

4. CONCLUSION

1. Within the framework of the thermoactivation dislocation mecha-
nism of deformation of Cd.Hg:_.Te solid solution crystals, it was estab-
lished that the movement of dislocations is controlled by the Peierls
mechanism with characteristic process parameters. The influence of
stoichiometry defects and features of the band structure on the ther-
mally activated movement of dislocations in narrow-band crystals has
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been clarified. Due to the alternative properties of point defects in p-
and n-type crystals, their plastic deformation is significantly different
due to the significant influence of the equilibrium state of the elec-
tronic subsystem on the behaviour of mobile dislocations.

2. It was established that the presence of a strong electric field associ-
ated with dislocations leads to an increase in the electrical conductivity
of p-Cd.Hgi-.Te crystals in the process of deformation as a result of
thermofield ionization of electrons from charged centres in the field of
amoving dislocation.

3. Deformation of Cd.Hg:-.Te crystals, along with translational dislo-
cation slip, is accompanied by the emergence of new structural defor-
mation elements that take part in the deformation process as inde-
pendent ones. The presence of adjacent grains (areas) with different
crystallographic orientation, the emergence of new structural ele-
ments separated by dislocation sub-boundaries, leads to a specific phe-
nomenon—interphase interaction of bounded areas. This type of inter-
action occurs between heterogeneous volumes, as well as within the
same solid body between regions with different mechanical compatibil-
ity, i.e., which have different Young’s module E and are separated by a
structural boundary. It is claimed that the process of strain hardening is
not only the result of the multiplication and interaction of dislocations
generated in the process of plastic yielding, but also a certain contribu-
tion of interfacial tension between deformation fragments. According to
estimates, the contribution of this mechanism can reach up to 20% .

4. The onset of microplastic yielding in Cd,Hg:-.Te crystals occurs at
stresses much lower than the macroscopic yield strength. This is
caused by the presence on the surface of the deformed crystal of a wide
range of natural oxides CdO, CdTeOs, TeOs, HgTeOs;, HgTe205, which
form a stable structure of a dielectric—a semiconductor with a semi-
conductor crystal containing an electric field localized within the tran-
sition layer. The last factor will influence the probability of nucleation
in the near-surface layer of dislocation loops. The process of formation of
vacancy clusters and clusters in the near-surface layers of the deformed
crystal is analysed, which later play the role of the main sources of dislo-
cations near the free surface. Therefore, the formation of the primary
embryos of nucleation actually begins not directly from the surface, but
at some distance from it, that is, in a thin near-surface layer.

5. In the case of weak adhesion of the oxide layer to the surface of a
semiconductor with excellent Young’s moduli, when the crystal is
loaded, a process of interphase slip occurs with the formation of de-
fects of the type of mismatch dislocations at the interphase boundary.
In the presence of strong adhesion of the oxide layer to the surface of
the semiconductor at the stage of pseudoelastic deformation, an inter-
phase interaction occurs, respectively, which is the cause of strong me-
chanical stresses in the interphase boundaries and thus facilitates the
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nucleation of dislocation loops in the near-surface layers of the de-
formed crystal.
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