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The influence of pulsed helium plasma irradiation, with a 10 ps duration and a surface energy load of
0.2 MdJ m -2, on the elemental and phase composition, surface morphology and crystal structure of thin-film
heterosystems based on CdS/CdTe was studied. The cadmium sulphide and cadmium telluride layers were
deposited by condensation via a hot wall method onto a glass substrate covered with an FTO layer. It was
found that after one pulse, the device structure remains in working condition. An increase in the irradiation
dose leads to surface sputtering, the formation of through pores 0.5 —2 pm in size, and a microcracks
network with two characteristic scales. One crack network is formed in the glass substrate, and the second
network is formed with cracks in the CdTe film. It is shown that the thermal effect of plasma stimulates the
diffusion of sulphur; as a result, the proportion of CdTe: - S« solid solutions formed in the process of obtaining
the CdS/CdTe heterosystem increases. In addition, the sulphur content increases in these solid solutions,
which leads to their decomposition with the separation of the CdS:-,Te, solid solution phase. These solid
solutions migrate to the CdTe surface through cracks and are observed as separate crystals.
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1. INTRODUCTION

Currently, cadmium telluride as a base material is
becoming an alternative to silicon for a number of device
structures for use under conditions of increased
radiation exposure [1]. Single-crystal detectors of 7, «,
proton radiation based on CdTe and CdZnTe
semiconductors have long been used in medicine and
astrophysics, for the radiometric control at nuclear
power plants, at the nuclear fuel production and
processing enterprises, in the environmental monitoring,
as well as in the spectrometric systems for single-photon
emission tomography of radioactive waste and in the
nuclear-physical methods of elemental analysis [2,3].
Such widespread use is due to the high radiation
absorption efficiency of these materials, and good energy
resolution of the respective devices. When wusing
cadmium telluride as the base layers of radiation
detectors, due to the higher atomic numbers of tellurium
and cadmium, this semiconductor has a greater
radiation stopping efficiency, which allows to create
detectors for a wide range of energies from 5 keV to
2 MeV. The band gap of cadmium telluride material
(Eg = 1.5 eV at 300 K) is significantly higher than that of
silicon (Eg~1.1eV at 300 K). As a result, X-ray
detectors based on cadmium telluride can much more
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effectively operate at room temperature [3] due to lower
leakage current values. All this makes it possible to
create large-area cadmium telluride based detector
arrays [4,5]. Recently, there has been interest in using
thin layers of this base material in the detectors, which
increases the spatial resolution and, accordingly, the
image quality. In Ref. [6], radiation-resistant
polycrystalline thick CdTe films with a thickness of
300 um were used as the detectors on the Large Hadron
Collider. In the framework of space missions to study the
Sun [7,8], the use of radiation-resistant solar cells (SCs)
also remains essential. Lately, some articles have been
published describing the usage of thin-film SCs based on
cadmium sulphide and cadmium telluride for radiation
detectors creation [9]. In the detectors of this type, the
radiation level 1is estimated from the value of
photocurrent generated under the exposure to radiation.
The high radiation resistance of the CdTe material itself
has been known for a long time [10], but, for specific
applications and concrete devices, the radiation
resistance is important [11] and needs to be investigated.
Previous studies of radiation resistance of CdS/CdTe
heterojunction structures allow to conclude that they
have sufficient radiation resistance for space use. For
example, in Ref. [12], CdTe solar cells of 10 to 12%
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efficiency were irradiated with protons of high energy
(5 to 15 MeV) and fluence (10! cm ~2 to 1013 cm —2) to
determine their radiation resistance.

In the majority of the published radiation resistance
studies, particles with high energies and relatively not
very high flux densities and irradiation doses were
usually used. The low densities typically allow to record
changes in the electrical characteristics of the device
structures, but they are not always sufficient to
establish degradation mechanisms. At the same time, it
follows from such studies, that the primary influence on
degradation is not so much the energy of the particles in
the flow as the accumulated radiation dose. In Ref. [13],
we began our investigation of influence of high-intensity
plasma flows on CdS/CdTe, with the focus on the
irradiation with hydrogen plasma and its effects on the
photoelectric properties and crystal structure of these
device structures. In that study, the irradiation doses
were established, at which structural changes at the
CdS/CdTe interface begin to occur, which causes a
decrease in the output photoelectric parameters of such
device structures. Also, the mechanisms that lead to the
structural changes at the CdS/CdTe interface and to the
deterioration of the photoelectric parameters of such
device structures were established.

In this article, we present a further study of the
influence of critical doses of, in this case, helium plasma
irradiation on the radiation resistance of the CdS/CdTe-
based device structures, which is also relevant both from
the point of view of the development of radiation
semiconductor materials science and from the point of
view of the development of both thin-film solar cells and
radiation detectors. The study of the mechanisms that
lead to the degradation of the electrical characteristics
will make it possible to manufacture more radiation-
resistant device structures in the future.

2. EXPERIMENTAL

Cadmium telluride thin-film photovoltaic converters
(PVCs) were formed on a glass substrate with a
previously applied transparent and conductive Fluorin-
doped Tin Oxide (FTO) layer, which performs the
functions of a front electrode in the device structure. The
surface resistance of the FTO layer was 10 — 12 Q/o, and
the average transmission coefficient in the visible part
of the spectrum was 80-85%. The sequence of
operations in the manufacture of the solar cells is as
follows: deposition of CdS and CdTe layers; the “chloride”
treatment; creating a back contact.

The cadmium sulfide and cadmium telluride layers
were deposited by condensation in a hot wall method,
which allows deposition under the conditions close to the
thermodynamical equilibrium. The layers were
deposited sequentially without depressurization of the
working volume at a residual gas pressure of no higher
than 10 > mm Hg. Two separate graphite chambers
located in the working volume of an industrial vacuum
installation were used. The methodology for depositing
the layers is described in detail in Ref. [14].

During the the CdS layer deposition, the
temperatures of the evaporator zone and the substrate
were 590 °C and 395 °C, respectively, which corresponds
to quasi-equilibrium condensation conditions. With a
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condensation process duration of 15 min, 0.3 — 0.32 um
thick CdS films were obtained.

The CdTe layers were deposited at a temperature of
the evaporation zone of 520°C and a substrate
temperature of 497 °C. In this temperature regime, with
a duration of the condensation process of 7 min, CdTe
films with a thickness of 3.8 — 4 uym and grain sizes at
the surface of 3 — 5 um were obtained.

The “chloride” treatment consisted in the deposition
of a CdClz film on the surface of a CdTe film by thermal
vacuum evaporation without heating the substrate and
annealing the entire structure in air at a temperature of
410 — 415 °C during 20 min. After the annealing, the
surface was etched in a solution of bromine in methanol
to remove the products of the chemical reactions.

The back contact was formed by depositing copper
and gold films with a thickness of 11 nm and 50 nm,
respectively, followed by the annealing of the structure
in air at a temperature of 230 °C for 20 minutes. The
copper and gold films were deposited by vacuum thermal
evaporation in a single cycle at a pressure of no higher
than 10 -> mm Hg without heating the substrate. The
thickness of the layers was monitored by a quartz
thickness gauge. The finished device structure has the
following sequence of thin-film layers: glass

substrate/FTO(0.5 um)/CdS(0.3 — 0.32 um)/CdTe(3.8 —
4 pm)/ Cu(~11 nm)/Au(~50 nm),

which totals ~5 um without the substrate.

The photovoltaic converters based on the CdS/CdTe
heterosystem were exposed to compressed plasma fluxes
in the magnetoplasma compressor (MPC) to study the
effect of the helium plasma irradiation. The irradiation
was performed in the pulsed mode, and the discharge
half-period was about 10 us. The experiments were
carried out using pure helium at an initial pressure of
266.64 Pa. The average plasma temperature ranged
from 60 — 120 eV. The particle flux during the pulse was
~ 1021 m —2s -1, and the energy density absorbed by the
surface was 0.2 MdJ m —2. The samples were irradiated
with 5 helium plasma pulses. Before each pulse, the
temperature of the sample surface was at room
temperature and increased during plasma exposition.
The time intervals between pulses were sufficient to cool
the samples to room temperature.

The phase composition and crystalline structure of
the obtained device structures were studied by X-ray
diffraction. Diffraction patterns were registered with a
DRON and D8 DISCOVER (BRUKER) type
diffractometers according to the §— 26 scanning scheme
in the radiation of a Cu anode using digital registration.
The diffraction patterns were processed using the
New_Profile 3.5 software package.

The predominant orientation of the films was
studied by the analytical processing of the registered
diffraction maxima by using Bragg — Brentano focusing.
Texture coefficients (C;) were calculated and the
direction and degree of predominant orientation of films
(G) were determined as in Ref. [15].

The precision determination of the lattice period of
the base layers of cadmium telluride was carried out by
using the Nelson — Riley extrapolation function
f(0) = (cos?@sinf+ cos2d 6)/2.
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The surface morphology was studied by scanning
electron microscopy (SEM). Elemental analysis of the
surface was carried out by Auger electron spectroscopy.

3. RESULTS AND DISCUSSION

In the initial state, the device structures had
photosensitivity and could be used as SCs and radiation
sensors of a-particles [13]. The free surface of the
cadmium telluride films was smooth, had a typical grey
colour, and the average grain size of the layers was
1 -3 um. The surface of the rear Au/Cu contact was
mirror-like with a characteristic yellow colour. As
evidenced by the results of microanalysis, the elemental
composition of both areas corresponded to the
stoichiometric phase of CdTe, and the back contact area
contained copper and gold, respectively.

During the irradiation of the samples, it was
established that a ten-microsecond helium plasma pulse
with a surface energy load of 0.2 MJ m -2 leads to an
insignificant, although noticeable decreasing of the solar
cell efficiency by 0.5 %. The irradiation with the total of
three pulses resulted in a significant deterioration of the
photoelectric parameters of the PVCs, which makes such
structures no longer practical to use as solar cells or
radiation detectors. At the same time, no noticeable
changes in surface morphology and structure (within the
measurement accuracy) were detected after the first
pulse. After the total of three pulses, darkening of the
contact area was observed, and changes in the phase

WD=9.8mm

WD=9.9mm
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composition at the CdS/CdTe heterojunction were
detected. To intensify the processes and more precisely
establish the mechanisms of degradation, the irradiation
dose was increased to the total of five pulses. After such a
critical dose, the surface morphology, elemental and
phase composition, as well as the crystal structure of the
CdS/CdTe film heterosystem were studied.

Fig. 1 shows a photo of the PVC samples’ surface
after the irradiation with the total of 5 helium plasma
pulses with the parameters described above. As can be
seen, the irradiation leads to the formation of defects
in the base and contact layers: through pores (Fig. 1a,
b), a grid of cracks with two characteristic scales
(Fig. 1a, c), the change in the morphology of the back
contact area (Fig. la, it becomes gray and bumpy
instead of a smooth mirror-yellow surface).

The pores have a form of punctures with clear edges,
the size of each is 0.5 — 2 pm. The highest pore density
1s observed in the areas, where the back contact has been
formed, and, in some places, the density reaches
8500 mm -2, Fig. 1d shows an image of the free substrate
surface, on which the CdS/CdTe heterostructure was not
obtained (an edge area of the substrate), after the high-
energy plasma irradiation. A comparison of the scales of
the crack networks on the surface of the substrate and
that in the CdTe film shows that the cracks of the thin
film with the large scale are inherited from the substrate
material. The cracking on the smaller scale (which is
absent on the substrate) is associated with cracking of
the base CdTe layer film itself.

WD=10.0mm 30.00kV_ x100

d)

Fig. 1 — The surface morphology after the irradiation with 5 helium plasma pulses with a surface energy load of 0.2 MJ m-2 each:
a) border between the surface areas of the CdTe base layer and Cu-Au back contact; b) the through pores; ¢) a cracks’ network on
the surface of the CdTe base layer; d) the free surface of the substrate after the irradiation.

Our studies have shown that, after the irradiation,
there was no clearly defined relief on the most part of the
contact-free surface of the CdTe base layer, similarly to the
initial state, and the average grain size remained the same

(3 — 5 um). However, the appearance of new formations in
some areas of the surface, approximately round in shape
and up to 200 pm in diameter, was observed. Such
formations also appear in those areas where the back
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contact was formed (see Fig. 2a, around point 3).

The change in the morphology of the back contact
after the irradiation consists in the fact that there
appeared breaks of the contact layer continuity and the
formation of a relief in it (Fig. 2a), compared to the initial
state, in which the metal area was mirror smooth. The
shape of the relief corresponds to the liquid phase
formation, followed by its crystallization without
completely wetting of the base CdTe surface. These relief
elements in the backscattered electrons image (Fig. 2b)
have a lighter shade compared to the base layer surface,
which indicates the presence of heavy chemical elements.
Table 1 shows the results of the microanalysis of the
chemical composition of the surface in the contact region.
Three characteristic points were selected in this section.
The first one (Point 1 in Fig. 2a) is located on the surface
of the CdTe base layer, which seems to have become free
from the contact material after the irradiation. It is seen
from Table 1 that such areas indeed contain only Cd and
Te, that is, they correspond to the CdTe phase without
other elements. In the second type of area (Point 2 in
Fig. 2a), the signals from Au are observed, as well as from
Cd and Te. The CdTe-Au state diagram is of the eutectic
type (a eutectic temperature is 1083 K). At temperatures
873 — 1273 K, the solubility of gold in cadmium telluride
increases by more than an order of magnitude and is

30.00kV _ x1.50k
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described by the formula cau= 6.2 102 exp(—E/ksT),
where E = 0.59 eV is the activation energy [16]. Based on
this, we can assume that, after the helium plasma
irradiation, there is a eutectic melting at the CdTe/Au
heterointerface in the back contact area, and, as a result,
the gold contact with a thickness of 50 nm is gathered in
drops on the cadmium telluride surface (of course, it is
also partially sputtered off by the plasma flow) and forms
the areas of CdTe enriched with Au (Point 2 in Fig. 2a)
and the pure CdTe open surface areas (Point 1 in Fig. 2a).

On the SEM image of the surface of the device structure
(Fig. 2), one can also see the elements formed as a result of
the plasma irradiation. It is seen that these elements were
formed only above the cracks of the base layer and consist
of crystals 2-4 um in size. Some of these crystals have a
clear faceted rectangular shape. The formation of such
crystals is observed both on the free surface and the back
contact areas. More often, these formations are gathered in
disk-shaped accumulations with a diameter up to 200
microns as shown in Fig. 2a. But there are also individual
crystals. In the backscattered electrons image, these
elements have a darker contrast, which indicates the
content of a light chemical element. The estimation of the
total area of these formations shows that they occupy less
than 1% of the total surface.
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Fig. 2 — An image of the back contact surface after the irradiation with the total of 5 pulses of high-energy helium plasma: a) the
secondary electrons image; b) the backscattered electrons image; c) the area of formation of the CdS1.,Te, additional phase on the
PVC surface in the secondary electrons mode; d) same as ¢) only in the backscattered electrons mode.

In comparison with the results from the PVC
free surface, for these elements (Table 1, Point 3)
there is a decrease in the concentration of Te
relative to Cd and the presence of S with a
concentration, that exceeds the concentration of Te.
The results of the elemental composition

determination indicate the formation of CdSi-,Te,
solid solutions, in which S atoms in the CdS lattice
are replaced by Te atoms. In the back contact area,
this phase contains copper, which is not present in
such formations on the CdTe base layer surface.

03001-4



INFLUENCE OF MICROSECOND PULSE HELIUM PLASMA FLOW...

J. NANO- ELECTRON. PHYS. 16, 03001 (2024)

Table 1 — Elemental analysis of the PVC surface after the irradiation with the total of 5 pulses of high-energy helium plasma (Fig. 2a)

Element : Point 1 : Point 2 : Point 3

1, imp. C, % At. % 1, imp. C, % At. % 1, imp C, % At %
Cd 15291 54.41 57.5637 11061 42.56 47.653 16743 74.32 58.636
Te 12383 45.59 42.463 12819 45.07 44.445 2583 12.89 8.960
S - - - - - - 10287 10.62 29.385
Au - - - 939 12.37 7.901 - - -
Cu - - - - - - 550 2.16 3.019

Solid solutions with limited mutual solubility can be
formed in the CdTe-CdS system [16-18]. According to
the phase diagram of the CdTe-CdS system [18], which
was constructed at temperatures above 700 °C, the
maximum solubility of sulphur in cadmium telluride
layers is 20 %. In this case, CdTe1-xSx (x < 0.2) solid
solutions have the sphalerite structure. The maximum
solubility of tellurium in cadmium sulphide is 10%. Solid
solutions CdS:1-,Tey (y < 0.1) have a wurtzite structure.
A feature of the phase diagram of this system at lower
temperatures is a decrease in the maximum solubility of
sulphur in CdTe [19, 20]. It was shown [21] that as the
temperature of CdTe formation decreases to 370°C, the
solubility of sulphur in cadmium telluride decreases to
3%. In Ref. [22], in which SCs based on CdTe/CdS were
obtained at deposition temperatures of 600°C, CdTe1.xSx
layers with x = 0.07 were formed at the interface. The
authors of this work believe that this value (7%) is the
limiting solubility of sulphur in film layers of cadmium
telluride under such conditions. It was shown in Ref. [23]
that, as a result of interfacial interaction during the
formation of thin-film SCs based on CdTe/CdS,
interlayers of their solid solutions are formed after the
“chloride” treatment. In this case, the limiting solubility
of the components depends on the temperature [16,19].

The study of the crystal structure of film layers of
supersaturated solid solutions CdTe1-+S: (0.1 <x < 0.9)
obtained at deposition temperatures below 200 °C
showed that heating to temperatures above 300 °C leads
to the decomposition of solid solutions. As a result of
decomposition, a heterogeneous thin film structure is
formed from two solid solutions: one based on cadmium
telluride and the other based on cadmium sulphide [24].
Studies of the lattice period of the solid solutions
indicate that the change in the lattice period (a) with a
change in the composition of the CdTe1.xSx solid solution
of the cubic modification and the lattice periods (a, c¢) of
the CdSiyTey solid solution of the hexagonal
modification in the region of limited solubility,
corresponding to the Vegard rule [25]. Studies of
diffusion processes indicate that in the thin-film
composition, during the formation of CdTe-CdS SCs,
diffusion of sulphur into the CdTe layer is observed; no
diffusion of tellurium into the CdS layer was recorded
[26]. The authors of Ref. [27] reported that the "chloride"
heat treatment of the CdTe-CdS system in air, which is
obligatory in the manufacture of highly efficient SCs,
causes the presence of oxygen atoms at the sites of the
tellurium sublattice on the grain-boundary surface of
the base layer. This leads to the fact that the rate of
diffusion of sulphur atoms in CdTe via grain boundaries
is lower than the diffusion rate in the grain bulk.
Therefore, the dominant mechanism of sulphur diffusion
is diffusion in the volume of grains. Such a mechanism

of sulphur diffusion was experimentally confirmed in
Ref. [28]. The authors of this publication recorded the
presence of sulphur after heat treatment of the CdTe-
CdS system only in the bulk of cadmium telluride grains.

A comparison of the obtained experimental results with
the literature data presented above indicates that after the
irradiation with helium plasma, the formation of CdTe1.«S«
solid solutions occurs at the CdS/CdTe heterointerface. In
this case, as a result of a higher heating temperature of the
sample during the irradiation with helium plasma
compared to the temperature of the "chloride" treatment, it
can be assumed that solid solutions are formed with a
higher sulphur content than in the initial state, and CdSs.
yTey solid solutions based on CdS are formed locally. CdTe.
S5 and CdS1.,Tey solid solutions have melting points lower
than that of the cadmium telluride upper layer, so, in the
process of formation, they turn into a liquid state,
absorbing part of the plasma energy for their melting. As a
result, a liquid phase of solid solutions of CdS1,Tey forms
under the cadmium telluride layer, which has a lower
density (CdS density is 4.82 g/cm?) than CdTe and CdTe1-
Sx (CdTe density is 5.86 g/cm?). Under by the plasma flow
pressure and due to the capillary effect, these solid
solutions go up through cracks and crystallize (Point 3 in
Fig. 2a). As the elemental analysis shows, point 3 (CdS1-
yTey solid solutions) has a different tellurium content,
which can be explained by the strongly nonequilibrium
conditions of the solution formation.

The elemental composition investigation results
were supplemented by the X-ray diffraction analysis.
Fig. 3 shows the XRD patterns of PVC based on CdTe
obtained by the hot wall method in the initial state and
after helium plasma radiation with the total of 5 pulses.

1000
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Fig. 3 — The XRD patterns of the PVC sample: 1 —in the initial
state, 2 — after the high-energy helium plasma irradiation with
the total of 5 pulses (in Cu K, radiation). The inset: the reflex
from the (400) plane in the initial sample state

When analysing the shape of the diffraction peaks, the
positions of which correspond to CdTe, it was found that
they contained three components. In the following
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discussion, we will denote these components as phases F1,
F2, and F3. As was shown in [15], when studying CdS/CdTe
film solar cells, the separation of the peaks is due to the
formation of CdTe: - xS« solid solutions, which have smaller
interplanar spacings. The lattice periods of the detected
phases were determined. Before the irradiation, the lattice
periods oof the F1, F°2, and F3 phases were 6.4830 A,
6.4720 A, and 6.4579 A, respectively (Fig. 4a). According to
reference data (PCPDFWIN #15-0770 card), the CdTe
lattice period is 6.481 A, so the F1 phase was identified as
pure CdTe. Two other phases, according to Vegard's rule
(acasxre1 —x = xacas + (1 — x)acare), were identified as CdTe1.
Sy solid solutions with a sulphur concentration of ~3 % for
F2 and ~8 % for F3.

An analysis of the integral intensity of the diffraction
peaks showed that, after the irradiation, the ratio
between the phases F1, F2, and F3 changes towards an
increase of the portion of the solid solutions. Thus, after
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the irradiation, the relative content of the F1 phase in the
test sample decreases from 84% to 72%. For the phases
F2 and F3, there is an increase from 7% to 17% and from
9% to 12%, respectively. At the same time, the
composition of the phases also changes. After the helium
plasma irradiation, the lattice period of the CdTe base
layer decreased from 6.4830 A to 6.4761 A. Such a change
in the lattice period of the main phase, according to the
Vegard law, may indicate that almost the entire CdTe
base layer has turned into CdTe1 - »Sx solid solutions with
a sulphur concentration of about 1.5% (x=0.0148) as a
result of bulk diffusion of sulphur into the cadmium
telluride layer. For CdTe:-xSx solid solutions of the F2
phase, which were at the CdS/CdTe interface in the initial
state, the lattice period decreased from 6.4720 A to
6.4669 A, which corresponds to an increase in the sulphur
quantity from 3% (x = 0.0297) to 3.7% (x = 0.0372).

6.484 ] »=0.001815x + 6.4761
6.482
6.480 4 .
6.478 ®
6.4761 3=0.001756x + 6.4669
6.474 -
6.472 - )
<E, 6.470
S 6468 ] u

6.466 4
6.464 4
6.462 4

y==0.001867x + 6.4589

6.460 -| 4 ",
6.458
a,
6.456 E3
1.0 15 2.0 25 3.0 3.5 4.0 45 5.0
(cos*(8)/sin(B) + cos?(0)/0)/2
b)

Fig. 4 — Precise determination of the lattice constant in the initial state (a) (F1 — CdTe, F2 and F3 — solid solutions of CdTe1..Sy),
and after the irradiation (b) (F1, F2, F3 — solid solutions of CdTe1..S.) with the total irradiation dose (particle fluence) of 5 1016 m-2

The increase in the intensity of diffraction reflections
from the cadmium sulphide layer after the irradiation
can be explained both by a decrease in the thickness of
the CdTe layer covering it due to partial sputtering off,
and by the emergence of the CdS1.,Te, solid solutions on
the surface with a lattice period close to that of CdS. The
shift of diffraction maxima towards larger angles
indicates an increase in interplanar distances, which
may be due to the replacement of sulphur atoms by
tellurium atoms, which have a larger atomic radius,
during the formation of the CdS:i-,Tey solid solutions.
The low intensity of the diffraction peaks of cadmium
sulphide does not allow their reliable processing for the
study of the solid solutions based on them.

After the irradiation, the integral full width at half
maximum (FWHM) of all peaks increased for all
detected phases, except for the (111) diffraction peak, for
which the integral FWHM decreased for the F2 and F3
phases. An analysis of the XRD pole density for the
sample shows that, after the irradiation with helium
plasma, the preferred orientation for the F2 and F3
phases in the [220] direction doubled and significantly
decreased in the [422] direction (more than two times for
F2, and 1.5 times for F3). There were no changes in the
preferred orientation for the main CdTe phase. Since the
[422] direction is characterized by the minimum
probability of the formation of twins and stacking faults,
the decrease in the intensity of the peak indicates an

increase in the concentration of structural defects of this
type after the irradiation with helium ions.

4. CONCLUSIONS

The studies showed that device structures based on
CdS/CdTe have high radiation resistance. The
irradiated samples withstood 5 MPC helium plasma
impacts with a 10 us duration and a surface energy load
of 0.2MdJ m 2. The accumulated irradiation dose
(particle fluence) amounted to 5 10® m 2. When the
critical radiation dose is exceeded, the crystal structure
and surface morphology change, which is accompanied
by a catastrophic deterioration of all the electrical
characteristics of the device structure.

Irradiation with a helium plasma flow leads to the
sputtering off of the surface, and, in the contact area at
high doses, cracking of the film, formation of through
pores and eutectic melting at the CdTe/Au interface
occur, as a result of which the gold film collects in
droplets. Thermal influence leads to the intensification
of sulphur diffusion into the cadmium telluride layer,
which has two consequences. First, almost the entire
base layer of CdTe is transformed into the solid solutions
of CdTe1-+Sx with a minimum sulphur concentration of ~
1.5%. Secondly, in the CdTe-based solid solutions, i.e.
CdTe1-+Sx, which are formed at the CdS/CdTe boundary
during the manufacture of the device structure, the
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sulphur content increases. When the sulphur
concentration in the solid solutions of CdTe: - xS: exceeds
the equilibrium solubility limit, their disintegration
occurs with the release of a phase of solid solutions based
on CdS, i.e. CdSi-,Te,. The phase of CdSi-,Te, solid
solutions is observed on the cadmium telluride film
surface. We claim that this phase, under the plasma flow
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Bruine MIKpOCEKYHOHOroO IiMOyJIBCHOIO TreJIiEBOro ILIa3MOBOrO IIOTOKY HA MOPQOJIOTiio
MOBEPXHIi Ta KPUCTAJIYHY CTPYKTYPY (hoToesiekTpuuHux nepersoprosadis Ha ocHoBi CdS/CdTe

I'.C. Xpunymosl2, M.M. Xapuenxro!, A.B. Mepiyit!, #K.®. Kapsen?, B.A. Maxumaii3, C.C. 'epamenxo3,
C.JI. Abammu?, C.B. Cyposingkuiil, O.0. [Iynos3, A.I. Jlooposkasm?!

L Hauyionanvruili mexHiwHuil yuigepcumem «XapkiscbKuil nosimexniunuil incmumym», 61002 Xapkis, Yrpaina
2 Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland
3 Hauyionanvruli Haykosul uenmp «Xapkiecvkull (hizuro-mexuiurui incmumym», 61108, Xapxkis, Yrpaina
4 HayionasbHutli aepokocmivHuil yrisepcumem «Xapriecokuil asiayitinull incmumym'”, 61070, Xapkis, Yipaina

JlocmmKeHo BILIMB IMIIyJIbCHOIO OIPOMIHEHHS TIeJI€BOl ILIasMM TPUBAIicTIO 10 MKC 1 HOBEPXHEBHUM
eneprermynuM HaBaHTaxkeHHAM 0,2 MJl:x M 2 Ha esleMeHTHO-(pa30BHI CKJIaJg, MOP(OJIOTiI0 HOBEPXHI Ta
KPHUCTAJIIYHY CTPYKTYpPy TOHKOILTIBKOBHX rerepocucreM Ha ocHoBl CdS/CdTe. Ilapu cysnbdimy xammioo ta
TeJUIypUIy KaaMio OyJIM HaHeCeHI IUIAXOM KOHZIEHCAIN] 3a JOIIOMOTOI METOIY Tapsdol CTIHKU Ha CKJIISHY
mariaanky, nokpury mapom FTO. BerawoBieHo, Imo micsass OJHOTO IMITyJIBCY KOHCTPYKIS —IIPHIIAILY
3AJIMIIAETECS B pOOOYOMy cTaHi. 3OLIBIIEHHS 03U OIPOMIHEHHS IIPU3BOJUTH [0 PO3IMJIEHHS IIOBEPXHI,

03001-7


https://doi.org/10.1109/23.958705
https://doi.org/10.3390/s90503491
https://doi.org/10.1016/j.nima.2018.09.025
https://doi.org/10.1016/j.nima.2018.09.025
https://doi.org/10.3847/2041-8213/ac4a5c
https://doi.org/10.1088/1674-4527/19/11/165
https://doi.org/10.1088/1674-4527/19/11/165
https://doi.org/10.1063/5.0098123
https://doi.org/10.1063/5.0098123
https://doi.org/10.1116/1.579607
https://doi.org/10.1116/1.579607
https://doi.org/10.1016/S0022-0248(98)00813-6
https://doi.org/10.1143/JJAP.12.1198
https://doi.org/10.1016/S0040-6090(99)00827-5
https://doi.org/10.1016/S0040-6090(99)00827-5
https://doi.org/10.1063/1.1330245
https://doi.org/10.1063/1.1330245
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YTBOPEHHST HACKPIZHHX IOp po3mipoM 0,5 — 2 MKM 1 CITKM MIKPOTPIIIMH 3 JBOMA XAPAKTEPHHMU JIyCOYKAMU.
Opua ciTka TPIIMH YTBOPIOETHCA B CKJIAHIN IMAKIAMIN, a apyra — 3 TpimuHav#u B sl CdTe. [Tokasawo, 1o
TEIIOBA Jif IIA3MHU CTUMYJIIOE TU(y3ii0 CIpKHU; BHACIIIOK ITHOT0 301/IBIIYEeThCs YacTKa TBepaux posunHis CdTe:.
Sy, 10 YTBOPIOTEC B mporieci orpumannsa rerepocucremu CdS/CdTe. Kpim Toro, y mux TBepaux posuymHax
MIIBUIIYETHCA BMICT CIPKH, IO IPU3BOIUTH JI0 1X PO3KJIAMAHHA 3 BUAUIEHHAM ¢dasu TBeporo posunHy CdSi.
yTey. Li TBepai posunnm Mirpyors 1o mosepxHi CdTe yepes TPIIUHA 1 CIIOCTEPITAIOTHCSA SIK OKPEMI KPUCTAJIH.

Knrouogi ciosa: @oroenerTpuuni nepersoposaul, Tonka maiska, Temypun kagmio, Pamiamiitaa cTifikicrs,
TBepml posumam.
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